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PREAMBLE 

The last reference book on the pineapple in English was « The 
Pineapple» by J.L. COLLINS, published in 1960. In 1965, C. PY 
and M.-A. TISSEAU published the French sourcebook on the 
subject entitled «Ananas». The modern successor to this book 
has now been published in French, and with the publication of its 
English version, it is now the most up-to-date and complete source
book in two major languages. It incorporates the results of 20 
years of experimentation by research stations in the main pine
apple-producing countries. The work was directed and coordinat
ed by IRF A (Research Institute for Fruits and Citrus Fruits) 
Montpellier, France. 

Special emphasis has been placed on : 
- The study of the plant - botany - genetics 

- the functions of the plant - physiology and its particular meta-
bolic characteristics 

- relations between the plant and the environment : 
. physical environment - climate - soil 
. biological environment - pathogens - pests - weeds. 
These aspects are covered in Part I, where researchers will find 

all the basic information they need. The presentation is also quite 
accessible for developers , who can use these essential facts to 
adapt their programmes to socio-economic changes. Economists, 
teachers and students can acquaint themselves with the special 
features that distinguish this crop from other cultivated species. 

Part II deals with cultivation procedures and discusses the 
practical application of the information given in Part I. A whole 
range of techniques is evaluated for each stage of the cultivation 
cycle. In each case, a general description is followed by practical 
examples and tables summarizing the information in each section. 
The aim is to help producers make the best possible choices and 
draw up work schedules that will enable them to attain their 
objectives. The physico-biological and socio-economic factors 
that inevitably influence these choices are treated as an integral 
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part of the problem. 
Part III gives a concise review of possible uses of pineapple, 

together with their technical implications and Part IV is a brief 
review of the economic aspects of pineapple production. 
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HISTORY 

On November 3, 1493, a convoy of ships led by Christopher 
Columbus on his second voyage, reached the Lesser Antilles and 
landed on a small island that he named Marie Galante, in honour 
of the flagship. The following day, he landed on a nearby island, 
which he named Guadeloupe. According to the chronicles of 
PEDRO MARTYR DE ANGLERIA (1530) , it was here, in a tiny 
Indian village, that they first saw the pineapple plant and its fruit. 
This was the first time a European had ever set eyes on a pine
apple. 

The discovery was confirmed by MICHAEL DE CUNEO, a 
lone voyager, in a letter dated October 28 , 1494. «There were 
some (plants) like artichoke plants, but four times as tall, which 
gave a fruit in the shape of a pine cone, twice as big, which is 
excellent, and can be cut with a knife like a turnip, and it seems 
to be wholesome». (MORISON, 1963). 

In 1502 Colombus found pineapple in the Puerto Bello area, 
in the isthmus of Panama, and in 1503 on the coast of what is 
today known as Panama (MORISON , 1963) . 

In 1519 PIG A FETT A reported the presence of pineapple 
in Brazil : « This fruit resembles a pine cone and is extremely 
sweet and savory; in fact it is the most exquisite fruit in existence. 

GONZALO FERNANDEZ DE OVIEDO published in his 
«Historia General y Natural de la Indias» in Seville in 1535 : «There 
is one fruit they call pinas (pineapple) that is produced on plants 
like thistles in the manner of aloes with many pulpy leaves, but 
more slender than those of the aole, and longer and spiny . In 
the middle of the plant a stalk rises about three feet high and 
about two fingers thick and on that, a thick pineapple somewhat 
smaller than a child 's head . Ordinarily, they are somewhat smaller, 
and covered with scales, some higher than others, just as they are 
on pine cones. The scales do not separate and break , but form 
a short of bark about the thickness of the rind of a melon. And 
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when they are yellow, that is, about a year after the plant has been 
placed in the ground, they are ripe enough to be eaten». 

He recorded several named cultivars and considered that pineap
ple was very common in the Caribbean islands and also on the 
mainland of South America, where it was known by different 
names (photos 1 and 2). 

In 1550, LAS CASAS commented in his «Apologetica historia» 
on pineapples growing in La Hispaniola: « The fruit that we called 
pineapples are fruits with admirable flavour and aroma, but original
ly they are not found in the island, rather they were brought 
from San Juan». This statement appears to contradict OVIEDO's 
view, but nevertheless confirmed that there were pineapples in the 
Antilles. 

In 1559 ANDRE THEVET (cited by BEER) published «Les 
singularites de la France antarctique, autrement nommee Ameri
que». After living in Brazil for many years be described the pine
apple using the name «Nanas» (1), and be considered the ripe 
fruits to be an effective remedy for many diseases. 

BEER (1878) believed that the name «Ananas», which was 
mentioned for the first time in JEAN DE LERY's book «Histoire 
d'un voyage fait en la terre du Bresil», published in 1580, had 
probably come from the word «Nanas» used by THEVET. 

In 1565 GIROLAMO BENZOMI published his book «La 
Historia del Nuevo Mondo» , in which he described fruits. that 
grew on La Hispaniola island including : plum hogs, cooking 
bananas, pineapples, guava, «Mamey-zapote» and soursop. Of 
pineapples he wrote : « They are produced by certain bushes, and 
when ripe they turn yellow ; they have a beautiful colour, excel
lent aroma, and bitter taste. It happened to me, as to many others, 
that when sick I was unable to eat anything but pineapple. I do 
consider them one of the best fruits in the world. When they 
are peeled, the part left is nothing but pulp, which is sweet and 
a little bit acid». 

(1) . This term is said to have been used by the Tupi tribes. It is made up of 
two parts, the first «a», meaning fruit, and «nana», meaning delicious. It is 
still used for species of pineapple that are not cultivated, such as «ananas do 
Indios», whereas the term «abacaxi» is used to describe cultivated varieties . 
The word «abacaxi» is also said to be of Tupi origin, and is said to combine 
the contraction of «iba» (fruit) with «cate» (fragrant) (GIACOMETTI, 1980) . 
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COLLINS (1948) mentioned that in 1565, Sir JOHN HAW
KINS in his ship «Jesus of Lubeck», visited the Venezuela coast, 
then called Santa Fe, where he obtained from the Carib Indians 
pineapples « about the size of two fists and more delicious than 
any sweet apple sugared». 

In 1596 Sir WALTER RALEIGH went up the Orinoco river, 
where he obtained many pineapples from the Indians. He also 
observed that they made a «wine-type» from them. Other Spanish 
and Portuguese explorers (VIEGAS) such as PEDRO DE MA
GALHAES GANDAIO in 1570, PEDRO GANDARO in 1576, 
GABRIEL SOARES in 1587, and others found the pineapple grow
ing on the coast of Brazil. 

Father A COST A in his « Historia natural y moral de las In
dias», published in Seville in 1590, pointed out that in the recently 
discovered lands «there are certain types of bushes or vegetables 
in Indias, which have a very good taste; to many of these things 
the first explorers gave Spanish names after some fruits that looked 
similar, such as the pineapple, the cucumber (pepino) and plums 
(ciruelas), when in reality they are very different». 

« The pineapples are of the size and shape of the pines of Cas
tilla; but inside they are totally different because they do not 
have pine cones, or cover-scales. When the outside peel is remov
ed, there is nothing but pulp to eat, and it is a fruit of excellent 
aroma and awakens the appetite. They are borne on a cane that 
shows up among many leaves, like the white lily and the lily .. . 
on top of this cane is the pineapple. It grows well in hot and hu
mid lands; the best are from the inward islands. They do not 
grow in Peru; they brought them from the Andes, but they are 
not good and do not mature well» . 

The same opinion was expressed by INCA GARCILASO DE 
LA VEGA in his «Comentarios Reales», which was published in 
1609. He described the pineapple as growing in the Andes, but did 
not specify the area. In 1647 JACINTO DE CARVAJAL published 
his « Relacion del Descubrimiento del Rio Apure», in which he 
described finding in areas close to the river « small wild pineapple, 
white and very green, with lots of black stones or seeds». From 
CARV AJAL's description, it would seem that «pineapples» could 
belong to a species other than Ananas comosus. 

In 1556 Spain prohibited the exploration of all its «territories» 
by foreigners and non-authorized persons. These restrictions includ
ed total secrecy about discoveries made by Spanish naturalists, 
although the regulations were broken by the British, French and 
Dutch, who continued to explore the immense new territories that 
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had been recently discovered. Thus some explorers or adventurers 
(buccaneers and pirates) like RALEIGH, DRAKE, HAWKINS and 
others brought back to England plants such as the potato, the sweet 
potato and the pineapple. 

Around 1690 Louis XIV of France signed a treaty with Charles 
II of Spain to fight the British together. In return, the Spanish were 
obliged to transfer the west coast of Hispaniola island to the French; 
this later became the Republic of Haiti (HAUGHTON CLAIRE, 
1978). As soon as the agreement was signed, Louis XIV sent a 
Jesuit priest, CHARLES PLUMIER, to explore and collect plants. 
Months later, Louis XIV sent a naval officer as governor,MICHAEL 
BEGON, who was also a passionate botanist, and together the two 
men continued the botanical exploration of the islands. PLUMIER 
collected many plants , including pineapple and other bromeliads, 
initiating their taxonomy. 

In 17 41 Father GUMILLA published in Madrid his « Orinoco 
ilustrado y defendido», in which he described, among other things, 
the fruits used by the inhabitants of that region. With respect to 
the pineapple he said: Apart from fruit trees , on the ground of 
the forests, there are several species of wild ananas, all of them of 
good taste». This statement could mean the native people were 
capable of distinguishing between many different varieties of 
pineapple and perhaps between species different from Ananas 
comosus. 

In 1748 JORGE JUAN and ANTONIO ULLOA published 
«Relacion historica del viaje a la Americos Meridional», in which 
they praised pineapples found in the territories of Cartagena, Rio 
Chagres and Quito . The description they gave of pineapple of prob
ably the best made by any writer of that era. 

Later, in 1779, Father CAULIN published his «Historia Coreo
grafica natural y evangelica de la Nueva Andalucia», in which he 
described some fruits growing in the provinces of Cumana, New 
Barcelona, Guiana and the Orinoco basin, among them the pine
apple. He also described the presence of wild pineapple on the 
banks of the Sacupa river, near the river Pao, which is a tributary 
of the Orinoco. GILIJ in his «Ensayo de Historia Americana», 
published in 1782, expressed some valuable ideas about the origin 
of the pineapple and also about the names given to it by the Ori
noco Indians : «In the Orinoco, where they are native, the pineap
ples are very pretty. They have different shapes, some are pyra
midal, others are conical. The Orinoco people call them «menure», 
<mana» or «anana». The latter name is also used in Brazil» . 

GILIJ also mentioned «caraguate», giving a description that 
matched that of «curagua» (Ananas lucidus) : «one of the first 
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classes of plants that looks like the pineapple, but has longer leaves. 
At the top of the « stem» it produces a small pineapple-like fruit , 
not bad in taste (the Spaniards called it «pineula» ). The Orinoco 
people most esteemed the leaves because they extracted fibres from 
them for string. I never saw a plant ( canamo) that is more flexible 
and has more white fibres than the «caraguate». Instead of plan
ting only two or three plants in their fields , they prepare large 
plantations, since they are very useful not only for string but also 
for making cloth». 

In 1804 HUMBOLDT published his «Viaje a las regiones equi
nocciales del nuevo continente» , and later, in 1808, «Cuadro de la 
naturaleza» . In the first work, be described pineapples that were 
sold at the market in Caracas: «The most appreciated come from 
Baruta, El Empedrado and the Buenavista highlands on the road to 
La Victoria. In both books he described how pineapples grew 
wild in the Duida prairies. «The Duida mountain range is located 
in the 'Territorio Federal Amazonas', delimited to the west by the 
Tamatama river, and to the east by the Guapo river. Between these 
two rivers, both of which are Orinoco tributaries, the Sodomani 
river descends through the «Morichales», which are an association 
of Mauritia palms that surround « La Esmeralda». The Sodomani is 
well known for the excellence of the pineapples that grow on its 
banks». 

The dispersion of the pineapple from South America to other 
tropical regions of the world occurred immediately after the disco
very of America. Thanks to exploration and conquest by the Span
ish and Potruguese, it adapted well in both Africa and Asia; so 
well, in fact, that botanists like RUMPHIUS thought it was native 
to those regions. The great voyages of discovery in the 15th, 16th 
17th and 18th centuries are consequently a reliable source of in
formation about the distribution of the pineapple in America. 





PART ONE 

THE PLANT AND THE ENVIRONMENT 





1.1 -TAXONOMY. ORIGIN. DISTRIBUTION 

The genus Ananas is one of the biggest of the Bromeliaceae 
family (subclass of Monocotyledons) , and in addition to species 
that produce edible fruits, there are others that are useful for the 
manufacture of cloth, string, ropes, and ornamental species, or 
species with therapeutic properties (curagua), etc. The entire 
Bromeliaceae family originated in the New World, with the except
ion of one species, Pitcai~nia feliciana, which is native to Guinea, in 
West Africa. The Bromeliaceae family contains 50 genera and 
around 2,000 species distributed in very different habitats, e.g. 
from the hot and humid tropics to the cool and dry subtropics, 
altogether covering an extremely large area, since on the American 
continent alone it extends from the southeast of the United States 
to the central areas of Argentina and Chile. 

The species of the genus Ananas have been classified in different 
ways, many species and forms being put forward according to each 
author's point of view. Moreover, herbarium samples are incom
plete, due to the difficulty botanists have had in gathering flowers 
and fruits at the same time, and particularly because they are, on 
occasion, quite large . 

Taxonomical work on this genus was probably initiated during 
the 16th century when Charles PLUMIER (1755), a Jesuit priest, 
collected pineapple plants on the island of Hispaniola. These plants 
were called «Karatas» by the native people, but PLUMIER named 
them Bromelia in honour of the Swedish physician Olaf BROMEL. 
In 1747, RUMPHIUS published bis «Herbarium Amboinense», in 
which he divides the pineapple into 3 botanical forms : mas, 
femina and alba. He classified the latter as Anassa siluestris and the 
femina as Anassa domestica. 

The genus established by PLUMIER was considered officially 
valid when LINNAEUS published his «Species plantarum» in 1753, 
in which he designated RUMPHIUS' species as : Bromelia ananas 
(Anassa domestica, from RUMPHIUS), and Bromelia comosa 
(Anassa siluestris, from RUMPHIUS). 

In 1827, LINDLEY created the genus Ananassa and classified 
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the pineapple as Ananassa sativa; later, in 1830, SCHULTES and 
SCHULTES created the genus Ananas, with the species Ananas 
sativus, because of their belief that pineapple was the only species 
cultivated. 

In 191 7, MERRILL established the binomial nomenclature 
Ananas comosus based on LINNAEUS' Bromelia comosa, syn
ymous with Bromelia ananas, because the Rule of Tautonyms 
does not permit the use of Ananas ananas. 

BERTONI (1919) divided the genus Ananas into 6 species : 
A. guaraniticus, A. microstachys, A . microcephalus, A . muriati
cus, A bracteatus and A . sativus and considered that edible pine
apple belonged to the species A . bracteatus and A . sativus. 

In 1939, L.B. SMITH divided the genus into 4 species : A . 
bracteatus, A . comosus, A . erectifolius and A. ananassoides. Accord
ing to him, BERTONl'S species A. sativus is a synonym of A. 
comosus, and A. guaraniticus and A. microstachys are synonyms 
of A. ananassoides. 

In 1934, CAMARGO added a new species to the genus Ananas: 
A . fritzmuelleri, with botanical material from the southeast of 
Brazil. 

L.B. SMITH in 1961 increased to 7 the number of species 
considered valid in the genus Ananas when he raised A . ananas
soides var. nanus to species rank, creating A. nanus and accepting 
A. monstrosus, a species described in 1870 as Ananassa monstrosa 
and later classified by CAMARGO (1956) as A. lyman-smithii, 
which went into the synonymity. 

In 1971, SMITH published in «Flora de Venezuela» his studies 
. of Bromeliaceae. In this work he considered that there were 5 valid 
species found in the country : A. comosus, A. lucidus, A. pargua
zensis (1968), A . ananassoides and A. nanus. A. erectifolius was 
considered to be a synonym of A. lucidus. 

In 1979, SMITH established 8 valid species in the genus Ananas. 
(cf. table 1, figure 1 - extract from «Flora Neotropica» ). Never
theless, the author was not entirely satisfied with the key (L.B. 
SMITH, 1982), which, in addition, did not receive universal recog
nition (GIACOMETTI, 1978), all the more since certain types 
(photo 3) were not included in the table. Thus, it certainly cannot 
be considered definitive. 

ORIGIN AND DISPERSION OF THE GENUS ANANAS. 

BAKER and COLLINS (1939) and COLLINS (1948, 1949 and 
1969), using material collected in Brazil and SMITH's classification 
and herbariums from North and South America, studied the geo-



PHOTO 1 - First known illustration of the pineapple by 
Gonzalo Fernandes de Oviedo y Valdes, which appeared in 
1535 in Historia General y Natural de los Indios - Seville 
(Huntington Library - San Marino - U .S.A.). 

PHOTO 2 - The Queen Pine, which appear
ed in History of the Island of Barbados 
(Richard Lipan Gent), London, 1973. 

PHOTO 3 - L 'ananas dos Indios found in the Cerrado 
in the central plateau in Brazil. By permission of Py) . 



PHOTOS 6 and 7 - Two types 
of fasciation in Smooth Ca
yenne. By permission of Gia
comelli. 

PHOTO 4 - One of the forms the collar-of-slips mutation 
takes in Smooth Cayenne. 

PHOTO 5 - Bottle neck mutation in Smooth Cayenne 
(From Collins and Kerns, 1938 Hawaii). 



PHOTO 10 - Underside a bract show
ing adult trichomes. In the centre a 
mycelium can be seen invading the 
trichome. (Scanning electron microsco

photograph). 

PHOTO 8 - Underside of a pineapple leaf with some tri
chomes removed. Stomata are visible at the bottom of the 
furrow . 

PHOTO 9 - Underside of a bract, young trichomes and 
stomata are visible at the bottom of the furrows (Scanning 
electron microscope photograph). (By pennission of 
Mourichon). 



PHOTO 11 - Root system of the pineapple in 
culture solution. The two separate flushes of 
roots can be clearly seen - Ivory Coast. 
(By permission of Rafaillac - ORSTOM - Labo of 
Agronomy). 

PHOTOS 12 and 13 - Full view of mycorrhized 
portion of the root system showing extra- and 
intra-root mycelium. Photo 12 shows detail of 
ve-sicles. By permission of Mourichon). 
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TABLE 1 . Key to species of Ananas. 

I. Foli aceous coma comple te I y l acking a t apex of syncarp 

2. Foliaceous coma crowning the syncarp 

2. Syncarp less than 15 cm long at maturity, dry or near ly 
so ; scape e longate, s lender 

3. Leaves recurved, serrate 

4. Leaf-spines a ll antrorse ; blades not more than 
25 mm wide , not narrowed at base 

5. Apex of scape weak and easily broken i syncarp 
many-flowered to 15 cm long 

5 . Apex of the scape tough ; syn carp few-fl owered, 
onl y about 4 c m l ong 

4. Leaf-spines both antrorse and retrorse; blades to 
45 mm wide, narrowed towards base 

3. Leaves straight, erect , unarme d except for the l arge 
terminal spine, to 35 mm wide 

2 . Syncarp over 15 cm long at maturity, succulent; 
scape s tout, usuall y shor t 

6. Fl oral bracts conspicuous, i mbri cate and covering 
the ovaries, coar sely serrate 

7. Leaf-spines a ll ascending ; fl oral bracts coloured 

1 A . monst rosus 

2 A. ananassoi'des 

3 A . nanus 

4 A. parguazensis 

5 A. lucidus 

at matur ity i petal s bearing scales 6 A . bracteatus 

7 . Leaf- spines partly (basal ) recurved i floral bracts 
pale green at matu r ity ; petals bearing vertical 
fo lds 7 A. fritz mue lleri 

6 . Fl oral bract s in conspi c uous, not i mbricate nor co-
ver ing the ovaries at maturit y, serrulate 8 A. comosus 
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graphical distribution of the species that were considered valid at 
that time. They proposed as the origin of the species of this genus 
the centre and southeast of Brazil, and the northeast of Argentina 
and Paraguay, i.e. the area limited by 15° to 30° S and 40° to 
60° w. 

In 1981, LEAL and ANTONI, using SMITH's herbarium re
ferences and botanical material collected by themselves, studied 
the dispersion of the species in Venezuela and South America. 
According to this distribution, the. centre of origin is considered 
to be the area located between 10° N to 10° S and 55° to 75° 
W, because the flora of this region is endemic and because the 
largest number of species considered valid today are found there; 
a further possible secondary centre of origin and dispersion locat• 
ed in southeast Brazil was also proposed. 

The different species and their habitats. 

All genetic improvement and taxonomic works include the genus 
Pseudoananas, with the monotypic species P. sagenarius, which 



Fig . 1 a • Ananas parguazensi s 
(CAr11ARGO) . 
A = Inflo rescence l~~--.. 
B = Lea f 

[D (! 
D E 
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Fig. 1 c • A nanas ananasso ides. 
A = Habit (BERTONI, HORTUS) 

( 

B 

B = Section of leaf (BAKER , COLLINS) 
C = Inflo rescence 
D = Sepa l 
E = Peta l and stamen 

Fig. 1 b • Ananas nanu s (BA
KER , COLLINS). 
A = Inflorescence 

Fig. 1 d • Ananas bracteatus var. bracteatus. 
A = Leaf 
B = Inf lo rescence 

Ananas fritzmuelleri (CAMARGO) 
C = Inflorescence 
D = Petal and stamen 

Figure 1 a-b-c-d • VARIOUS SPECIES OF ANANAS (from Flora neotropicana, 1979 -Part 3). 
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• A. ananassoi'des 
o A . comosus 
..,. A . lu c idus 
+ A . pa rguazensis 
1::, A. nanus 
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Figure 2 • Map showing the distribution of spontaneous species 
of the genus Ananas. Broken lines mark the bounderies of areas 
with the same number of species (after F. LEAL and M.G. ANTONI, 
1980). 

grows wild on the Parana and Paraguay river banks. This large 
area is located in Argentina, Paraguay and Brazil. 

The habitat of this genus is limited to forest areas under semi
dense shade, subjected to periods of flooding or a rainy season most 
of the year (COLLINS, 1960), but apparently the genus is very 
resistant to drought. Some of the P. sagenarius characteristics 
suggest that it could have originated by crosses of the genera 
Ananas and Bromelia, followed by chromosome duplication. 

This species is characterized by a complete lack of crown, and 
its asexual reproduction is by stolons. It has a vigorous and deep 
root system and small fruits with low Brix and acidity . It is said 
to be resistant to crown and root rot and to wilt diseases. 

Ananas monstrosus is considered to be the most primitive of 
the Ananas species, its most conspicuous characteristic being the 
lack of a crown. It is only known by some specimens and one de-
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scription by CAMARGO (1956). Pineapples without crowns have 
frequently been collected in different varieties, but it is not known 
whether they are mutations or represent a stade character and 
consequently the author does not regard them as valid species. 

A. ananassoides : this species has extremely long, spiny leaves, 
and a small fruit at the top of a long peduncle. The fruit has many 
seeds, and its pulp is firm and fibrous. This species has the widest 
distribution in South America and is found in poor soils in dry 
areas and consequently has high resistance to drought. The fruit 
has a high sugar and acid content, good flavour and aroma and 
a small core. It is said to be resistant to wilt, nematodes and crown 
and root rot. However, the fruit is small and hase a long peduncle 
and white and fibrous pulp. The suckers are also small (COLLINS, 
1960). 

A. nanus : this species has long, narrow leaves, with short, 
strong spines. The fruit is very small, approximately 4 cm long, 
with a very large apical coma. It is found in open forests in the 
north, centre and southeast of South America. It is mostly used as 
an ornamental plant and little is known about its resistance to 
pests and diseases. 

A . parguazensis this species has wide leaves with retrorse 
spines at their bases, a slender peduncle, fruit approximately 10 
cm long, with a large crown. It is found in relatively humid areas 
or in open savannahs. Little is known about its resistance to pests 
and diseases. 

A . lucidus: plants are medium in size with erect leaves, com
pletely inermis, with small inedible fruits about 12 cm in length 
at the top of a long, stout peduncle. It is found in humid rain 
forests; it is said to be resistant to crown and root rot. The species 
has been cultivated since pre-columbian times for the long fibres 
extracted from its leaves, which are used for making fishnets and 
hammocks. 

A . bracteatus : here the most conspicuous characteristic is the 
long, pink or red bracts that subtend each fruitlet ; it has a large 
number of slips at the base of the fruit and of the crown, and a 
long peduncle. Fruits have many seeds and are not edible. The spe
cies is vigorous and is said to be resistant to nematodes, and to 
crown and root rot and fusariosis. It has always been found under 
cultivation. 
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A. fritzmuelleri: this species has spiny leaves, retrorse at their 
base, a succulent syncarp more than 15 cm in length and floral 
bracts that are very conspicuous, overlapped and cover the ovaries. 
Little is known about its resistance to pests and diseases. The 
species has always been found under cultivation. 

A. comosus is a highly variable species with many forms. 
Fruits are 15 cm in length and more (this is a prerequisite for 
belonging to the species), have abundant flesh, good flavour, are 
usually seedless and have a stout peduncle. The large majority of 
varieties cultivated for consumption of the fruit belong to this 
species. 





1.2. - GENETICS 

The pineapple plant propagates asexually, it is highly hetero
zygotic and not very well known from the point of view of genetics. 

1.2.1. - GENETIC DAT A 

1.2.1.1. - Cytogenetic data. 

A . comosus chromosomes are small and spherical in shape as in 
related species (A . bracteatus, A . erectifolius). They number 50 
(n = 25 ). Pseudananas sagenarius has 100 chromosomes and could 
be the result of natural hybridization between a species of Bromelia 
with 50 chromosomes and a species of Ananas, followed by chrom
osome doubling (COLLINS, 1960). 

A few triploids are known, including the CV «Cabezona», as 
well as tetraploids, including the CV «James Queen» . The majo
rity are hybrids that have resulted from the union of gametes where 
chromosome reduction did not occur during meiosis. This accident 
occurs relatively frequently and affects a maximum of 1 % of pollen 
grains and ovules in «Smooth Cayenne» CV, but up to 6.5% of 
pollen grains in other CV s. These irregularities can be linked to 
univalents and associations of bivalents observed during diakinesis 
and metaphase I, which indicates that polyploids and various types 
of chromosome anomalies have played quite an important role in 
the evolution of the genus Ananas (BHOWMIK, 1977). Tetraploids 
can also be obtained by colchicine treatment of the terminal 
meristem of young crowns (COLLINS, 1960). In this case, young 
chimeras develop with tetraploid zones that give rise to entirely 
tetraploid shoots. 

Although « Cabezonas» produce exceptionally large fruits, its 
advantages do not outweigh those of a diploid. Tetraploid plants 
produce even less satisfactory results. The increase in the number 
of chromosomes results in an increase in the size of the cells, and 
in particular of the stomata, the leaves are broader, less numerous 
and more significant still, more rigid. 
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1.2.1.2. - Self-sterility and incompatibility. 

Ananas comosus is the only species of this genus to be self
sterile. This characteristic is obviously an advantage in connec
tion with fruit quality and how agreeable it is to eat. The self
sterility system is said to be gametophytic and is controlled by one 
or two loci (COLLINS, 1960; BREWBAKER and GORREZ, 
1967; BHOWMIK and BHAGABAT, 1975). in self-fertilization, 
the maximum length of the pollen tube does not attain more than 
13% of the length of the style. 

However, the self-sterility barrier is not found between all the 
big groups of CVs, and may not be completely impenetrable even 
within certain groups (CABOT, 1979) . For a given CV, self-fer
tilization from mutations in the pollen, grains can be observed 
in a few exceptional cases, the frequency being influenced by 
climatic conditions (KERNS, WILLIAMS and SMITH). 

The self-sterility barrier can be partially removed by different 
types of treatment, for example X-ray, spraying with NAA or 
chlorflurenol (BHOWMIE and BHAGABAT, 1975). The seeds 
obtained with these methods are mediocre in appearance but 
germinate well. 

Compatibility between CV s and the possibility that entomo
philous fertilization may occur means the culture of pure varieties 
is indispensable. The market heterogeneity of descendants produc
ed by intercrossing varieties or of the few self-fertilizations ob
served, leads one to suppose that the «Smooth Cayenne» CV is a 
highly heterozygous natural hybrid. 

The origin of the different groups of CVs is unknown, but the 
most likely hypothesis is that of different natural hybridization, 
particularly considering their mutual compatibility. Due to self
sterility within the group, evolution can only occur as a result 
of somatic mutations, which, according to COLLINS (1960), 
can take place relatively ,frequently; mutation of the character 
« spiny tip leaves» affects 1 % of «Smooth Cayenne» CV s (cf. 
1.2.1.3.). 

1.2.1.3 - Studies of various characters. 

Genetic studies of pineapple characters are relatively rare. They 
have to be carried out with extreme care, as the phenotype is 
highly influenced by mineral nutrition, the stage of development 
of the plant at artificial flower induction, climatic conditions, 
planting density and parasites. This problem is clearly illustrated 
by the two examples described below, which concern the characters 
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most frequently studied because they are easy to observe. 

1.2 .1.3.1. - SPINY CHARACTER OF THE LEAVES. 

This is the only character for which genetic determinism has 
been studied, firstly because of the problems involved in main
taining and harvesting densely planted C. V .s with spiny leaves, 
and secondly because of the simplicity of its determinism. 

Three different types of leaves are found in Ananas comosus 
C.V.s (fig.3) : 
- leaves where only the tip is spiny, which is characteristic of the 
«Smooth Cayenne» CV. The expression of this gene is highly 
affected by the environment and there is a marked increase in the 
number of spines when conditions are unfavourable ( cf. 1.4.1.1. ); 
- the entire leaf margin bears permanent spines, as is the case in 
the majority of CVs; 
- the leaf is completely spineless except for the terminal point. 

The last-mentioned type of leaf has silver-grey piping, which 
is due to a portion of the lower epidermis being folded over the 

h 

h 

Figure 3 • Type of lea f . 
1. Lea f spi ny at t ip or a long ent ire leng ht 
2. Lea f complete ly sp ine less (pip ing) 
e = epidermi s 
w s.t = w ater storage tissue 
m = m esophyll 
h = hypodermi s 
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upper leaf surface. This character is found in CVs in group 5 in 
table 3: «Perolera» or «Maipure» (LEAL and SOULE, 1977), 
which CAMARGO would like to classify as a subspecies of A. 
comosus: A . comosus mordilonus (GIACOMETTI, 1980). 

The characters «spiny tip» (S) and «spiny» (s) are allelomor
phic, the former being dominant. All spiny CVs are thus homo
zygous (ss), whereas «Smooth Cayenne» is heterozygous (Ss). 

As already mentioned, the rate of somatic mutation is high, and 
mutations that take place at the haploid stage are even more fre
quent. Thus, up to 6.8% of spiny plants were counted in a popula
tion of hybrids with one homozygous parent (ss). Reverse muta
tion from s to Sis, on the contrary, extremely rare. 

Through hybridization of the «Smooth Cayenne» CV and 
related species, COLLINS (1960) showed that other genes are pre
sent in A. bracteatus, A. ananassoides and A. erectifolius, but all 
are allelomorphic to s. 

The character known as piping (P) is dominant over non
piping (p). This pair of alleles is independant of Ss, but the piping 
character is epistatic to the spiny character and masks its express
ion. 
1.2.1.3.2. - NUMBER OF SLIPS - MULTIPLE CROWNS. 

The number of slips is under genetic control, as shown in figure 
4 (COLLINS, 1960). In Guinea, local varieties do not produce 
this type of shoot, whereas imported varieties produce numerous 
slips. The number of slips depends on the stage of vegetative de
velopment of the plant at flower induction and also to a large 
extent on the environment, i.e. climatic conditions at the time, 
as well as planting density (cf. III.3). 

One type of mutation can be considered to be an « exacerba
tion» of this character and is expressed as an excessive number of 
slips: «collar-of-slips» (photo 4). Like the production of slips, it 
only appears in certain «Smooth Cayenne» clones, and is subject 
to the same external influences. It can take different forms. 

In the most extreme form the slips are directly attached to the 
fruit, sometimes but not invariably through the intermediary of 
knobs, which are like miniature fruits. In certain cases the knobs 
do not have foliaceous organs . Each of the external protuberances 
has a corresponding network of fibrous tissue, true secondary 
cores, which means the fruits are unusable. 

In near-collar forms, a lower degree of expression of this muta
tion, the slips are crowded around the top of the peduncle. The 
fruit is usable, but the production of so many slips reduces the 
weight of the fruit and also causes a delay in the ratoon crop, as 
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A 1069 

B 666 

C L 40 

D LlOO 

E L 62 

F 573 

G LH 20 

H LH 8 

LH14 

J L69 
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.07--(.49)--1.08 

,15--(.58)--1.12 

.19--(.46)-1.06 

,38-(.75)-1.21 

.31---(.90)---1.63 

.73-(.93)-1,20 

.74-- (1.73) 2.12 

(.5)- (2 .07)-2.46 

1.54---(2.32)--- 3.10 

1.11 (2.5 7) 3,2 7 

0 0,5 1.0 1.5 2.0 2. 5 3.0 3.5 
MEAN NUMBER OF SLIPS PER PLANT 

(after COLLINS, 1960) 

Figure 4 • Ten "Smooth Cayenne'' clones showing average slip num
bers over a period of 14 years ( 7 harvests). The bar graph shows the 
range of variations, with the average for the seven crops in the centre 
and lowest and highest yearly average at the extremities. 

shown in table 2 (COLLINS, 1960). 
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A comparison of collar-of-slips mutants and plants considered 
normal in Taiwan (WANG and CHANG, 1960), showed that yields 
from normal plants were higher (53 t/ha more) than from collar
of-slips mutants. 

The formation of multiple crowns is subject to the same in
fluences as that of slips and can also take quite different forms. 
Certain climatic conditions obviously have a marked influence 
(cf. 1.4.1.1.) as does the stage of development of the plant. Some 
«Cayenne» clones are more subject to the anomaly than others. 
Consequently, strict selection is worth while (DALLDORF, 1975 
a) . 

TABLE 2. Effect of ~collar of slips» mutation o n yield in plant crop and ratoon crop (after COLLINS,, 1960). 

Cayenne "colla r o f s lips" 
o r "near coll a r " 

Fie ld run 

Plan t c r o p Ratoon c r op 
Average wei ght o f Percen tage o f fruits and i n fl orescences 

fr uit i n kg coun te d at the end of the sa me period 

1. 8 1 

2 .13 

11 

45 
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1.2.1.3.3. - OTHER MUTATIONS. 

COLLINS and KERNS (1938) have drawn up an inventory of 
the most undesirable and most visible mutations encountered over 
a 25-year period in Hawaii : 
- 18 concern the inflorescence and the fruit, and occasionally lead 
to the development of different types of malformations (photo 
5) 
- 9 concern the leaves and the plant in general. 

Many mutations only result in insignificant morphological 
modifications. Those which only result in quantitative changes in 
the expression of certain characters frequently escape ongoing 
selection and consequently proliferate. Plantations that are not 
regularly replanted using one clone must be assumed to be hetero
geneous populations. 

Other mutations may be beneficial: this is the case with one 
«Smooth Cayenne» CV mutant observed by DALLDORF (1975) 
a), where the fruit was longer than usual, but had the same diame
ter, which meant it could be cut into a larger number of slices. 

1.2.2. - DIFFERENT CULTIVARS (photos 15-25 ). 

CVs used throughout the world are usually classified in 5 
distinct groups according to a number of characters they have 
in common. The term «family» would thus be more appropriate 
than the term «group». Several authors have attempted to establish 
keys for identification purposes. The most recent key was drawn 
up by LEAL and ANTONI (1980) for CVs found in Venezuela. 
It essentially consists of the criteria normally used for distinghuish
ing between different varieties, which are: 

In addition to the criteria normally used for distinguishing 
between different varieties, which are : 
- habit of plant ; 
- shape of fruit and fruitlets ; 
- number and size of bracts ; 
- characteristics of the flesh ; 
- morphological leaf characteristics (presence or absence of spines), 
shape, piping or non-piping. 

They have also included the number of turns of the spiral 
of fruitlets round the fruit. 

In table 3, traditional criteria are used to give a standard de
scription of each of the 5 main groups. The table also shows the 
main cultivation areas and the . most appropriate uses for each 
group. Statistical data is not included, as the authors rarely had 
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access to information collected in identical environments under 
similar cultivation conditions that could have been used for compar
ison. The « Smooth Cayenne» CV was used as the reference for 
comparisons of fruit weight and other characters. 

A general 9-escriptive classification of the most important CVs 
grown at the same location under the same conditions would be 
a valuable addition to existing information. 

Table 4 lists main CV s now known and gives bibliographical 
references of detailed descriptions made at the study location 
(see also photos 15-25). 

Of all the CVs cultivated in the world, the «Smooth Cayenne» 
(1) is generally considered to be the «bests», as its fruits can be 
slices. This explains why it is the most widely cultivated commer
cial variety. 

«Smooth Cayenne» can only develop its quantitative and 
qualitative potential to the full when it is grown in a tropical clim
ate. Growth is faster in an equatorial climate, which is hotter and 
wetter, but the fruit flesh is more sensitive to damaie_, fruit acidity 
is lower (cf. 1.4.1.4) and the production of suckers is slower. 

A wide range of fruit weights (0.5 to 4 kg) can be obtained 
with « Smooth Cayenne», depending on the length of the cycle 
and the care taken with the crop during cultivation. It is generally 
considered to be a « sophisticated» variety, i.e. it requires a lot of 
care and is also subject to many different diseases (cf. 1.4.2), 
which necessitate heavy investments especially in regions where 
labour costs are high. 

In the majority of pineapple-producing countries, and especially 
those without advanced technological means at their disposal, it 
would be preferable to cultivate hardier varieties that do not 

(1) The origin of the «Smooth Cayenne» C.V. is obscure. The original batch 
of plants is said to have been taken from French Guiana (which explains the 
French name) during a botanical expedition by PERROTTET in 1319. Five 
plants that were sent to greenhouses at Versailles were labelled «Maipourri» . 
Some people believe the name Maipouri has its origin in the name of the 
tribe found in that region - Maipure - others think it may be linked to the 
local name for the tapir, which is the biggest animal found in the region, as 
pineapple is the largest fruit. In fact the name is still used in Guiana (PY and 
TISSEAU, 1965). From Versailles the pineapple was sent to greenhouses in 
Great Britain, where it was propagated. Propagation is said to have resulted 
in the development of the pineapple in Australia, Jamaica and Hawaii in the 
second half of the 19th century (COLLINS, 1960) (cf. IV.1.) . 
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TABLE 3 - Main production zones - Main characteristics common to cultivars belonging to each group· Utilization. 

Usua l na me o f the g r o up 
Cayenne Spanis h 

( photos 22 to 25) (pho to 2 1) 

Main producti on zones .AIJ main produc tion cen te r in • Caribbean i s l a nds, C uba, 
the world : Hawai", Thai1and, Porto-Ri co , M e xico , Malaysi a 
Phili ppines, Ta iWan, South 
a nd Wes t Afri ca, Ke nya , plus 
the cente r s quo te d for o the r 
g r o ups 

Ge ne r a l appea r a nce o f the pl ant . "Open " rose tte of leaves . Rose tte less "open " than 
Caye nne 

Shoot for mati o n a t fruit harvest 
. s li ps . Some c ultivars have s lips, . Num ber a nd s ize of s lips 

some do not varia ble 

. suc ke r s . F,::? W s ucker s . Fe w suckers 

l.e aves (dime nsions , spiness . Broad a nd r e la tive l y s hort . Narrow a nd long 
a nd c o lo ur) . Spine less except near ti p • Usual! y s piny but some cul -

tivars ar e spineless or have 
fe w spines 

. Colour o f the non - c hl orophy- • Colour o f the non-chl o roph y-
lous basal part : pale green lo us basal pa rt : r e ddish 

green 

Pe d un c le ( le ng th in re lati o n . Re la ti ve! y s hort .Shorte r tha n Caye nne 
to fruit le ngth) 

Flo we r s ( c o lo ur ) • Lilac • Brighte r t ha n Caye nne 

F'ruit 

. s i ze, we ig ht I . La r ge fruit . Sm a lle r tha n Cayenne 

. s hape I . Cylindri ca l . Globul ar 

. frui ti e ts ( e yes ) I • Flat and wide . Fl a t a nd wide r t han Cayenne 
I 

. s ki n col our ( a t comple te ma - I . Orangy-ye ll ow . Re ddi s h ye ll ow 
tu1·it y) I 

.fl<' Sh (at comple te m a turit y) 

I . a ppe a ra nce . M or e or less translucen t . M ore or less tran sl ucen t 
. fibrosi ty . Non fibrous . Fibrous 
. colour 

I 
. Pa le yell ow . Whiti s h 

. fl avour I . Sweet and acid . "Spi c y", less sweet than 
Cayenne 

. co r e (di a me te r) • Me dium . Diame ter var ies with C . V . 

Hes i stance/ lolerance to '
1wi lt " . Ve ry s usceptible to Wilt • "l2Ie ran t to WMf 

di sease and ne ma todes and nematodes . ss suscepll e to ne m atodes 
tha n Caye nne 

Possible uses . Loca l consumption . Local consumption 
. For export . Ma inly for e xport fresh 
. Cannin g 

( 1) O the r na me : "Abaca xi"but should be avoided as it means "pineapple " in Brazilian 
(2) Ca ma r go c lass ifie d i t as a s ubspec ies of A . comosus : A . mordi lon us; like wise na me d 

9i vcn to Cayenne li sse by nati ves of Fre nch Guiana 



Queen Pe rnam buco ( 1 ) I Pe role r a (2) 
/ (photos 15 to 18) (photo 19) (photo 20 ) 

South Afri ca, Au s trali a, . Br azil , Venezue la Col o mbia, Ec uador, Pe ru 
La Re union 

. Same as Cayenne . Erect . Rose tte less 11 open 11 than 
Cayenne 

. Numbe r o f s lips va riable, . Nu merous e rect well deve - . Nu rrerous sl i ps of diffe r ent 
us ua ll y s m a ll lope d s li ps a ttac he d regu- s i ze 

I arl y a round the base of the 
fruit 

. Large r numbe r s o f s uc kers . Ve r y few sucker s , de velop 
in some cul ti var s (Nat a l , la te 
Queen , Vi c toria) 

. Narrow a nd s hort . Nar r ow and long . Broad a nd lo ng 

. Spi ~y, hook s haped spines . Spin y but not hook s haped . Ine rm o us ( 11 pipin g 11 type) 
spines e xcept the d is ta l spin e 

• Col our of the non - c hl orophy- • Colour of the non - c hlo r ophy- . Col our o f the non-chl o r ophy lo us 
lous basal part : r e ddi s h lous basal part : p ink basal par t : pa le green 

mallow 

. Short . Longe r t han Cayenn e . Larger than <:a yenne 

.Pa le blue . Pa le blue . Pale blue - s terner longer than 
Cayenne 

. S m a ll fruit . Smalle r tha n Cayenne . Si m il ar to Cayenn e 

. Coni cal , cylindrical . Pyramida l . Cyli ndrical 

. S maller than Cayenne a nd . Small an d s light! y pro mi - . Fla t , wide and ofte n irregula r 
promine nt nen t 

. Bri ght yellow . G r een ish yello w . Bright r eddi s h yell ow 

. Opaq ue . Trans lu cen t . Opaque 

. "Cri s p" . Non fibrous •
1tri s p11 

• Bright ye ll ow . Whiti s h to yell owish . Alte rn ati ng bright yell ow a nd 
pa le ye ll ow 

• Less acid tha n Cayenne . Less ac id t han Cayen ne . Less acid and less swee t than 
Cayenn e - Ascorb i c ac id 
con tent highe r than Cayenne 

.Smalle r than Cayenne . S m a lle r tha n Cayenne . S i m il a r t o Cayenne 

. Less s u sceptibl e to Wilt than . Less s usceptib le to Wilt t han . '"ess s uscepti b le to Wilt than 
Cayenne Cayenne Cayenne 

. Local consumption . Local consumpti on . Local cons umption 

. F'or export fresh . For export fresh 

"Mai"pure " by LEAL and SOULE ( 1977), word no t to be con fuse d wi th "Ma fpour i " the name 



TABLE 4 · Inventory for main C.V .s. included in each croup at the present time. 

Group 1 Gr o up 2 Gr oup 3 
Cayenne Spani s h Queen 

-... l Por to Rico (8) - Champaka 153 - Natal Queen 
- Champaka 180 - Espanol a Roja Mexico ( many s uckers) 
- Hilo Cuba - V.C. Queen South 

- 53 - 11 6 l Hawai i ( 1 ) 
- Ri pley Queen ( 2) Afr ica 

- l - 56 l } Porto Rico (9) - 59 - 656 _ 
1 

_ 
67 

Hybrids - James Queen ( 12) 
- F. 200 - Z. Queen ( 11 ) 

} South Afri ca 
- Cabezona ) Por to Ri co ( 10) 

- Mac Gregor 
- Cayenne 

(2) - Pina de Cumana 
} Venezuel a 

- Alexandra l Australia 

- Pina d~ Anare - Common Rough 
( 13 ) 

- G . - 25 
- G . - 32 - 33 Guinea -""~- ,,~, .. ~ - Maur itius ) Mal aysia (7) 
- Cayenne de Guinee West Afr ica - Sel angor Gr een u, 

- Ba r onne de Rothsc hild (3) - Nangka : Malaysia 
- Comte de Pari s ) Guinea 

(spiny leaves) - Gandol ·~ ( 7 ) 
- Victo ri a } Reunion 

- Cayenne Guade lo upe l - Bete k ·c. island ( 14 ) 
- Mas me r a h If! 

- Sto Do minguo Cayenne ( 4 ) West Indies 
- Champaka - Castill a ( 11 ) ) Salvador 

- Queensland Cayenne ) Aust ralia (5) 

- Typhones 1 , 2, 3,4 e t 5 ) Ta iwan (6) 
( 1) : Collins, 1930 (6) : Wang & Chang, 1957 

- Cayenne de Oriente ) Cuba ( 2) : Da lldorf , 1978 ( 7 ) : Wee , 1972 

- Sar awak ) Ma laysi a (7) 
(3) : Py, 1962 (8) : Gandia Diaz & Samue l s, 1958 
( 4 ) : Py & Ba r bie r , 1965 (9) : Ra mi rez, Gandia & Fortuno, 1970 

- Kew ) India (5) : Anonyme, 1971 ( 10) : Salazar, 1956 

In b r acket s : m a in char ac te r istics that diffe r en ti a te the C . V. fr om the g r o up to which i t be longs 

Re ferences : bibliographical r e fe r ences gi ving c haracteri s tics of certain C . V . s . i n the locality whe r e they wer e s tudied 

Gr oup 4 
Pernam buco 

- Pernambuco 
- Pauli s ta 
- Boi tuva-Amarelo 

Brazil 

- Perola 
( 15) 

- Yupi l West Africa 

- Abacaxi 
and many 
other 
countries 

- Pan de Azucar ~ Central 
- Sugar loaf America 

- Eleuthera ) Florida 
- Venezolana ! Venezue l a - Pina Vale r a 
- Papelon ( 11 ) 

( 11 ) : Leal & Soule, 1977 
( 12 ) : Nyenhuis, 1964 
( 13 ) : Anonyme , 1975 
( 14 ) : Leto r ey, 1970 
( 15) : Anonyme, 1970 

Gr oup 5 
Mo r di lonus -Pe r olera- Maipur e 

- Milagr e'na ) Ecuador 

- Per olera 
- Mar iqui ta l Colum bia 
- Amarill o Peru 

: f.t/Nl'~a 

- Tac_hirense l Venezuela 
- Ma1pure ( ll ) ( ! 6 ) 
- Bumanguesa 

- Rondon ) Br azil 

- Mon te Li rio ) ~:'e~~~a 

( 16) : Leal & a l. , 197 9 
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require as much energy, or comparable quantities of fertilizer and 
pesticides. 

The almost total monopoly of « Smooth Cayenne» in the world 
today also implies a potentially dangerous impoverishment of the 
genetic pool. · 

Brazil, where almost all the «wild» genotypes of the genus 
Ananas are found, has recognized the threat and set up a bank of 
all existing varieties of Ananas : the «Centro Nacional de Recursos 
Geneticos» (GIACOMETTI , 1980). 

1.2.3 - PLANT IMPROVEMENT 

1.2.3.1. - Most commonly sought characters. 
As in the production of all plants, a combination qf the follow

ing characteristics is desired: 
- highest possible yields with the lowest possible use of fertilizers 
and plant protection products, plus satisfactory returns on the 
products used; 
- good appearance and organoleptic characters; 
- high resistance to pathogens and animal parasites. 

In the case of pineapple, a distinction must be made between: 
- pineapples grown for canning. Here yields are based on the num
ber of cases of canned slices (the most valuable product leaving 
the pineapple cannery) obtained per hectare (cf. III.1.2 .3.6.); 
- pineapple for export to fresh fruit markets. Here yields are based 
on the tonnage sold, or to be more precise, on the quantity that 
arrives at its destination in satisfactory condition. 

Yield cannot be considered without taking into account the 
length of soil occupation. Thus the possibility of several successive 
ratoon crops, with no replanting, has to be considered. The speed 
with which the sucker or suckers that produce the subsequent crops 
develop on the plant is also significant. 

High yields can only be obtained if the plants thrive at high 
densities. Thus, for a given fruit weight, the volume of vegetation 
should be as low as possible. However, the fruit weight/plant weight 
ratio also depends on a number of nutritional and climatic factors 
(cf. I.4.1.1.). 

The shape of the fruit and of the individual fruitlets and partic
ularly the depth of the blossum cup and the diameter of the core 
have a marked impact on yield in slices, but a minor impact on 
fresh fruit yields. 

The fruit flesh must be firm and not fibrous, and have a good 
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flavour irrespective of whether the fruit is destined for export 
fresh or canned, but the colour of the shell is only important 
if it is to be sold fresh. 

Table 5 lists the characteristics most commonly sought by 
selectors. 

TABLE 5 . Most commonly sought characters. 

Plant characters 

Vegetative growth and devel opment 

• Rapid growth 

• Semi-erect habit 

• Short, wide leaves 

. Spineless or few spines onl y at 
tip 

. Less than 3 s lips not closer than 
2 cm to base of fruit 

. Low, well-developed suckers at 
base of plant 

. Short to medium fruit peduncle 
easil y able to bear ripe fruit 

. Resistant or tolerant with regard 
to main pathogens & parasites : 
i.e. Meal ybugs, nematodes, 
Phytophthora, Fusarium & Peni
cillium 

• Able to adapt to irregular water 
supply 

. Able to adapt to large range of 
soil types 

Required for canning 
& export fresh 

• High mean weight 

• Homogenous ripe
ning from bottom 
to top of fruit 

. Fruit well filled 

• Firm but not fi
brous yell ow flesh 

• Firm epidermis 

. High sugar content 
(Brix > 16) 

• Mcxiera~ acidity 
m.e.q. - 12 

. High ascorbic acid 

. Pleasant flavour 

Fruit characters 

Required for canning 

• Broad, flat fruit
le t s 

. Shallow blossum 
cup 

. Flesh s lightly 
translucent when 
ripe 

. Small core 

. Large crown 

1.2.3.2. - Selection within local populations. 

Required for export 
fresh 

. Yellowish orange 
skin 

. Small to medium 
crown 

The simplest method of selection is eliminating unsatisfactory 
plants. In the case of «Smooth Cayenne» this means that those 
with collar-of-slips should be the first to be discarded. Considering 
how many slips are produced, the anomaly will rapidly spread if 
affected plants are not eliminated and will subsequently seriously 
affect yield. 

A more effective method of selection consists in marking plants 
that show the most satisfactory characters during harvesting and 
establishing a hierarchy among them. Shoots from selected plants 
are subsequently propagated together and a family of mixed clones 
is established. 

The most satisfactory method of all consists in identifying a 
limited number of the best plants and propagating them using 
accelerated methods so as to be able to compare the resulting 
clones. Subsequently only clones showing the most favourable 
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characters are used as a basis for active propagation before the 
existing population is replaced (cf. Il.13.) . 

All CVs presently under cultivation is Hawaii are the result 
of this type of selection (F.200, Champaka, etc.). 

However, risks are involved in this type of selection. Tolerance 
or resistance to pathogens and parasites are among the characters 
that are most difficult to observe, and consequently vegetative 
stock may be selected that subsequently proves to be particularly 
sensitive to a disease that was previously considered insignificant. 

The potential range of variations in the number and position of 
slips means great care is needed in genetic improvement prog
rammes. In a high density plantation with a short cycle, this a
nomaly may not become apparent, particularly if differentiation 
of the inflorescence occurs during a sunny period. Consequently it 
is advisable to space the plants well and observe them over a r·el
atively long cycle with several harvesting periods, to make sure the 
varieties that have been selected do not conceal an undesirable 
genotype with regard to this character. 

1.2.3.3. - Chromosome recombination through hybridization. 

Numerous crosses have been made in Hawaii of « Smooth 
Cayenne» with CVs of other groups, or with related specles of A. 
comosus, and their main characters are given in table 6. However, 
as « Smooth Cayenne» is perfectly adapted to local ecological 
conditions, none of the hybrids obtained so far has proved to be 
more satisfactory. 

Hybridization programmes are now being started in many other 
countries with the aim of keeping the advantages of « Smooth 
Cayenne», but increasing its resistance to parasites and making it 
more hardy. 

Artificial fertilization is quite simple, but it is nevertheless 
advisable to carry out the operation in the early morning, shortly 
after anthesis. Fertilized flowers should also be castrated, as self
fertilization, although exceptional, is not impossible (cf. I.2.1.2.), 
and the inflorescence should be protected from entomophilous 
crosses. Given the fact that blooming is spread out over a period of 
time, fertilization of all the flowers on one inflorescence will take 
10-15 days. Female fertility appears to vary from clone to clone 
much more than male fertility (CABOT, 1979). The mean number 
of seeds obtained per flower in a batch of «Smooth Cayenne» 
clones can vary from 2-15 for approximately 50 ovules (OKIMOTO, 
1948), i.e. from 200-2000 seeds can be obtained per inflorescence. 



52 THE PLANT AND THE ENVIRONMENT 

TABLEAU 6 - Main characters of species related to A. comosus used as genitors in hybridization with «Smooth Cayenne» C.V.s by 
Hawaian researchers and other individual researchers. 

Desirable characters Undesirable characters 

IA. ananassoiaes High sugar and acid content, good «wild» flavour Very small fruit on very long peduncle ; flesh white and 
and aroma, small core ; resistant to nematodes, wilt, fibrous ; small planting material 
and heart and root rot ; very hardy plant 

IA. bracteatus Fruit larger than A. ananassoiaes ; small core ; good, Medium sugar and acid content ; pale yellow or white 
vigorous plant (with good root system) ; resistant flesh ; collar of slips or near collar ; long peduncle ; fruit 
to wilt and heart and root rot shape slender and tapering towards apex ; frequently has 

multiple crowns 

IA. erectifolius Resistant to heart rot and root rot All other characters are undesirable 

IPseudananas Immune to heart rot and root rot ; resistant to wilt ; Medium to small fruits, no crowns ; no slips, propagates 
strong, vigorous plant (with good root system) by underground stolens ; fruit flesh white with low Brix 

and acid content ; long peduncle with large diameter. 

Techniques for cultivating seeds have been described by COL
LINS (1960) and more recently by CABOT (1979). The percentage 
of germinations is generally high if the problem of fungal infec
tion is controlled successfully. One month after sowing in Petri 
dishes the seedlings are planted out in greenhouses in a mixture of 
peaty soil and transplanted to the field 6 months later. The early 
stages of growth are relatively slow and even when conditions are 
ideal, fruits cannot be harvested until 2 1/2 years after the seed 
has been harvested. 

After preliminary selection on the Fl, selected hybrids should 
be actively propagated (cf. Il.'13.) and subjected to large-scale 
comparative trials. 

1.2.3.4. - Advantages of in vitro culture. 

In ufrro culture of pineapple was started some years ago using 
the apex of the crown (MAPES, 1973), slips (SITA et al., 1974), 
axillary buds from the crown (MATHEWS, 1976; PANNETIER 
and LANAUD, 1976) and, more recently, the syncarp (WAKASA 
et al. , 1978). There is little difficulty involved in obtaining the 
plants, but there is a high percentage of variants (WAKASA, 1979). 
The modifications that have been observed only concern the leaves, 
i.e. density, colour, spines and trichomes. The longer the undif
ferentiated phase, the more frequently variants occur, particularly 
when the culture tissue has been obtained from the syncarp or 
from slips. 

Thus, depending on the origin of the material and the type of 
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environment used for culture, in vitro culture could be used either 
for obtaining variants or for accelerated propagation. It would 
theoretically be possible to obtain one million plantlets from a 
single bud in two years (PANNETIER and LANAUD, 1976). 
However, this remains to be confirmed, as there may be character 
variants that are less easily observed than those of leaves. 

It may also be possible to create new genotypes; anthers could 
be cultured to obtain haploids, which could be green radiation 
treatment or mutagens before the doubling of their chromosomes. 
The same types of treatment could be used to obtain polyploid 
plants. 





1.3. - BOTANY AND PHYSIOLOGY 

1.3.1. - BOTANICAL CHARACTERISTICS 

The pineapple is a herbaceous, perennial, self-sterile, monocoty
ledonous plant. After production of a fruit from the terminal bud, 
the crown and slips fall to the ground. The axillary stem buds 
continue to develop and form new plants (fig. 5 ). Pineapple thus 
reproduces by successive vegetative propagation and, under natural 
conditions, this takes place where the original plant grew. When 
pineapples are grown for commercial purposes, on the other hand, 
plots are destroyed and replanted with new shoots after 1 to 3 
fruits have been harvested. 

Figure 5 • Diagram showing successive vegetative generation in p1neapple(af1er COLLINS, 
1960). 

Pineapple belongs to the Bromeliaceae family. There are many 
different species, all of which have adapted to growth in hot, dry 
climates and some of which are true epiphytes. Even in a ground 
plant like pineapple, there are some signs of this adaptation, which 
can be considered to be residual epiphytic characters; these are: 
- stomata specially adapted to prevent water loss; 
- optimum recovery of minimum precipitation ; 
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- absorption of water and mineral elements by leaves ; 
- relative fragility of root system. 

But adaptation is mainly reflected in carbon metabolism, which 
can take place via the mesophytic pathway or alternatively via 
the crassulacean.pathway (cf. 1.3.2.). Night opening of the stomate, 
required by crassulacean metabolism, results in highly efficient 
water metabolism. It also necessitates anatomical and morpho
logical adaptations for temporary storage of absorbed gas and for 
reducing heating of the leaves, as this cannot take place via daytime 
transpiration. 

The adult plant can measure up to 1.20 m in height and is 
roughly heart-shaped with a diameter of 1.50 m and a flattened 
base (fig. 6). The plant comprises the following parts (photos 22, 
23, 24 and 25) : 
- the stem. This forms the central axis of the plant and is complete
ly concealed by the leaves; 
- the leaves. These are arranged in a spiral around the stem. Depend
ing on the stage of growth of the plant, they number up to 80; 
- adventitious roots, some of which are undenground and some 
aerial; 

90° 

Fi g ure 6 • Habit of pineapple p lant . Ang les are given with respect to the horizontal. 
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- the peduncle , which has bracts and bears at the top a compound 
fruit or syncarp with a crown ; 
- the shoots, which take different forms . The number and stage 
of development of the shoots at fruit maturity depends on ecolog
ical conditions. 

The weight of each of these organs is extremely variable. Table 
7 lists them in order of size, using «Smooth Cayenne» as the refer
ence variety. 

TABLE 7 - Fresh and dry weight in grams of different 
organs at fruit harvest. 

Fresh wei ght Dry weight 

Root s 350 30 

Le aves 2 000 260 

Ste m & peduncle 530 105 

Fruit 1 850 370 

Crown 300 35 

Shoot s 120 15 

1.3.1.1. -The stem. 

The stem, which is short and thick, is shaped like a cudgel. It 
has a maximum length of 35 cm with a base diameter of 2 to 3.5 
cm and a diameter of 5 .5 to 7 cm at its thickest part, just below the 
apex . The underground portion of the stem may be curved if 
grown from a slip , and is straight and thicker grown from a crown. 
The intermodes are very short, from 1 to 10 mm, the longest 
being in the middle portion of the stem. 

The anatomy of the stem has been described in detail by 
KRAUSS (1948) . It is possible to distinguish clearly between two 
regions, which are referred to as the cortex and central cylinder 
because of their resemblance to the structure of dicotyledons 
(fig. 7) . 

The central cylinder and most of the cortex are made up of a 
loosely structured parenchyma in which the vascular bundles are 
embedded. The cells contain numerous starch grains grouped 
together to a greater or lesser extent; some of the cells are bigger 
and isolated and contain raphides of calcium oxalate. 

The outer layers of the cortex consist of solerenchymatous 
cells. The band between the cortex and the central cylinder is made 
up of vascular tissue typical of Bromeliaceae. This tissue is produ
ced by the meristem and is very thin and translucent at the top of 



Figure 7 • Stem anatomy. 

l.b = lateral bud; 1.s = leafscar; c.cy = centralcylinder; c,,,_cortex ; 
in = internode; v.b=vascular bundle of leaf; m = meristem; r.e.p = root 
emergence point; u.p == underground portion; e.a.r = external portion of 
adventitious roots; i.a.r = internal portion of adventitious roots; s.r = soi I 
roots; v. n"' vascular network. 

u.p 
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the stem where the tissue is youngest and thicker and suberized in 
the lower portions. 

It comprises a highly anastomotic network of vascular tissue, 
which produces the adventitious roots and contains considerably 
more xylem than phloem. The vascular bundles that carry nutrients 
to the leaves pass through the meshes of this net. The bundles are 
part of a highly complex system which is completely interconnec
ted and suberized. The suberization is responsible for the resis
tance offered by old stems during mechanized destruction of old 
plots, and also for resistance to microbial action after residues have 
been ploughed under. 

The fact that the vascular systems are completely interconnec
ted ensures that elements absorbed by the roots and compounds 
formed by the leaves are distributed throughout the whole plant. 
Nevertheless it has been demonstrated (GAUDIN, 1981) that, in 
the short term, roots supply nutrients to certain leaves in preference 
to others, with the number of leaves supplied being less restrict
ed in the case of the second flush otroots to emerge (cf. 1.3.3.2 .). 

Considering the quantity of starch it contains (11% of fresh 
matter cf. 111.2.), the stem appears to be a storage organ. Little is 
known about this function, which can play several different roles : 

- in enabling the plant to slow down its rhythm of life as soon as 
conditions become unfavourable. An extreme example of this 
capacity is the long survival period of shoots after separation 
from the mother plant ; 
- in the development of the fruit ; however the role played by 
the stem in fruit aevelopment depends on ecological conditions 
and can be very minor ; 
- in the preliminary stages of the development of shoots after 
planting. 

The stem bears apical and axillary meristems. In the vege
tative stage the terminal meristem is shaped like a rather broad 
dome (KRAUSS, 1948). The tunica only comprises one layer of 
cells, whereas the corpus is made up of 1 to 3 (WEE and RAO, 
1979). A group of cells in the axis of each leaf retains its meristem 
character and subsequently gives rise to axillary buds. These buds 
later take different forms depending on the portion of the stem 
from which they arise. They are covered by a sheath in the shape 
of a hood and several leaf scales. Their meristems are identical in 
shape to the terminal meristem during its vegetative stage. 
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1.3.1.2. - The leaves. 

The leaves, which number between 70 and 80, form a rosette 
with a 5/13 phyllotaxy. They are lanceolate in shape and very 
elongated. They sometimes reach a maximum length of more than 
100 cm and a width of 7 cm. Where they emerge from the stem 
their width equals approximately two thirds of the stem circum
ference . 

The number of spines varies with the variety (cf. 1.2.2.). In 
Smooth Cayenne CVs, they are generally limited to the tip of 
the leaf, but can be more numerous on leaves that different iated 
during periods of poor growth. 

Leaf colour varies from pale yellow to dark bluish-green, de
pending on ecological, climatic and nutritional conditions. The 
amount of anthocyanin in the epidermis of the adaxial surface 
of the leaf depends on the variety. A reddish-yellow colour can 
appear, accompanied by loss of turgidity if the water supply 
decreases, particularly when soil water drops or the root system is 
inadequate. 

The spatial arrangement of the leaf system and internal leaf 
anatomy correspond to adaptation to a dry climate and to crassula
cean metabolism. The low output of this type of metabolism is 
compensated by the high total leaf area : approximately 2.2 m2 

for a plant weighing 3 ,600 g (PY, 1959 a). 

Figure 8 • LEAF ANATOMY. 

1 - Diagrammati c representat ion of transverse section o f leaf: a.c = aerat ing canal; f.s "' fibre strand; e =epidermis; v.b = vascu lar 
bundle; m ., mesophy l l; ws.t = wa ter-s torage t issue. 

2 - Oute r ep iderm is : cu ~ cut icu le; s.b "' si l ica body; u.w "' undu la ti ng wal l. 
3 -Aerati n g ca na l : c.a.c"' centra l aer~ting canal; s.c ,. ste lt atece lJ ; chl ,. chlorop last . 
4 - Lower bo under y o f water -storage ti ssue: ch : ch lorenchyma; ch i = chloroplas t ; p.c "' palisade cel ls of water-storage tissue. 
5 - ss.r .. substomata l ring; s.a.c = secondary aerating canal; l.a.c == lateral accessory ce ll ; g.c "' guard ce ll ; ss.c = subtomatal chamber; s.b : silica 

body; p ::pore. 
6 - Hypode r m is and mesophy ll (tr ichom es not shown ) : ch = chlo renchyma; chi = chlorop last; fi =fibres; hy= hypodermis. 
7 - Vascular bund le (mesophy ll without chloroplast s): phi = phloem; xv= xy lem . 
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Leaf-heating is reduced by the spatial arrangement of the leaves, 
which ensures satisfactory ventilation, and also by the erect position 
of the leaves during growth, which means the sun's rays strike 
them at a low angle of incidence (fig. 6). Nevertheless, both the 
temperature of the surface of the leaf ( 43°C) and the tempera
ture gradient can be very high (AUBERT and BARTHOLOMEW, 
1973). The silvery colour of the lower surface of the leaf heightens 
reflection and helps prevent overheating in intense sunlight. 

Where the leaves overlap the stem, a little reservoir is formed 
that catches rainfall, dew or sprayed fertilizer. An adult plant can 
thus hold more than 50 ml of liquid in its heart and leaf axilla. 

This fact is all the more significant since the solution trapped 
here can be absorbed either through the adventitious roots at the 
base of the old leaves, or directly through the epidermis of the non
chlorophyllous part of the leaf (KRAUSS, 1948 ; LINSBAUER, 
1911 ; MARCHAL and PINON, 1980). 

Water loss is limited by special adaptation of the leaf epidermis, 
trichomes and stomata (KRAUSS, 1948) (fig. 8). 

The epidermis of the upper leaf surface is waterproof. The cells 
of the epidermis are covered with a thick cuticle, which protects 
not only the outer walls, but also the lateral and interior walls. 
Undermeath the epidermis there is a single layer of cells whose 
greater diameter is perpendicular to the long axis of the leaf. The 
thick, undulate walls of these cells give the leaf rigidity even in 
the case of withering (SANFORD, 1962). These cells also contain 
silica bodies, whose function may be either to reflect or to focus 
light (TOMPLINSON, 1969). 

The epidermis of the underside of the leaf is similar in struc
ture, but has longitudinal furrows parallel to the long axis of the 
leaf. In addition, the entire surface of the leaf is covered with 
trichomes, which are multicellular, scaly hairs shaped like mush
rooms, made up of a stelk and a shield, whose central portion 
tends to become convex at maturity (cf. photos 8, 9, 10 and fig. 
2). These trichomes are characteristic of Bromeliaceae (KRAUSS, 
1948 ; BENZING, 1976) and they also give the underside of the 
pineapple leaf its characteristic silvery colour. Trichomes are also 
present on the upper surface of the leaf, but are much sparser and 
of slightly different appearance. The cells of the shield are always 
dead, whereas some of the cells in the stalks of young trichomes 
in the white part of the leaf are still alive. These cells may play 
a role in the absorption of the solutions that collect at the base 
of the leaves (LINSBAUER, 1911). Although it has never actually 
been proved, studies of intracellular anatomy (SAKAI and SAN-
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FORD, 1980) have shown that they possess the apparatus requir
ed for absorting both water and aqueous nutrients. 

When the epidermis is dry, the scales of the trichomes are 
erect, but when the leaf is wet, they are flattened against the epi
dermis. 

This phenomenon causes obstruction of the stomata and te.qi
porary stoppage of nocturnal CO2 absorption which occurs imme
diately after rain (TEISSON, 1979a). Limitation of gaseous inter
change, particularly that of water vapour, by the trichomes ha.s 
been demonstrated, but is said to b~ considerably less than that 
obtained by stomata! resistance (BARTHOLOMEW, 1975). 

The anatomy of stomata in pineapple enables the plant to 
reduce transpiration to a very low rate (cf. I.3.2.2.). Stomata 
only occur on the undersurface of the leaf, in the bottom of the 
furrow in the epidermis, and are not very dense : 80/mm2

. They 
are relatively small with an aperture ranging from O to 30 µ 2 
(AU:qERT and DE PARCEVEAUX, 1969). Stomata! cells are 
bordered by accessory cells that form a substomatal network under 
the pore, which means the canal has a total length of 20 to 30 µ. 

Pineapple leaves, like those of all Bromeliaceae, are character
ized by highly developed water-storage tissue in the adaxial part 
of the leaf. This tissue appears as a translucent layer, which varies 
in thickness depending on edaphic and climatic conditions (NIGH
TINGALE , 1936), its average thickness being half that of the 
leaf. It is made up of large palisade cells filled with very watery 
mucilage. Under water stress, water is withdrawn from these cells, 
which collapse like accordions, but which quickly regain their· 
original volume when conditions return to normal. 

This succulence, which is t ypical of all crassulacean plants, 
prevents abrupt changes in metabolism from occurring in the case 
of partial drought (NEALES et al. , 1968). It also explains the 
specific leaf weight : up to 230 mg/cm2 (AUBERT, 1973). In 
addition, the water-storage tissue helps maintain the rigidity of the 
leaves and may protect the underlying chlorophyllous mesophyll 
from excessive light. 

The mesophyll is mostly made up of globular, loosely arranged 
cells. Chloroplasts are generally arranged round the cell walls but 
they can also be scattered throughout the cell or totally absent, as 
is the case in cells bordering the vascular bundles . 

Within the mesophyll is a network of aerating canals, which 
are most numerous in the lower portion of the leaf. Central canals, 
which number around one hundred per leaf, alternate with vascu
lar bundles. They are linked to the stomata by secondary canals 
which are frequently difficult to distinguish. The main function 
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of this tissue is to link all parts of the mesophyll with the outside 
atmosphere and to regulate gaseous interchange by means of its 
storage capacity. The central canals contain stellate cells which 
play a role in assimilation in the chlorophyllous parts of the leaf. 

A characteristics feature of pineapple and a few other related 
species are the fibre strands in the leaves. These fibres are made up 
of sclerodermatous cells and are responsible for high leaf resis
tance to torsion. 

1.3.1.3. - The roots. 

Primary roots, which originate in the embryo, are only found 
in seedlings. The roots normally seen on pineapple plants are 
adventitious roots, which emerge from the rich vascular tissue that 
separates the central cylinder and the cortex of the stem (cf. 
I.3.1.1.). 

Root primordia are visible less than 1 cm from the terminal 
meristem. Roots that emerge less than 2 cm further down, from the 
internodal region, are already partly suberized. 

The oldest roots emerge at the lowest part of the stem. They 
grow into the soil and branch into a limited number of secondary 
and tertiary roots to form the underground root system. They can 
be up to 2 m long but rarely grow to a depth of more than 85 cm 
(KRAUSS, 1949). The sensitivity of pineapple roots to physical 
constraints explains their superficial character better than a lack of 
geotropism. During the first few months, at least, the number of 
underground roots depends on the weight and the type of planting 
material used, and the number of roots increases with an increase 
in the weight of the shoot. Crowns produce considerably more 
roots than suckers (cf. I.3.3.2.) . 

The life and activity of underground roots are generally limited 
unfavourable external conditions, parasites, or the physical condi
tion of the soil. 

The youngest roots emerge from the stem between living leaves 
and are thus obliged to wrap themselves around the stem without 
branching; they are never more than 10 cm long and are highly 
suberized (KRAUSS, 1949). 

The aerial and underground root systems both play a role in the 
absorption of water and mineral elements (BARTHOLOMEW and 
KADZIMIN, 1977 ; MARCHAL and PINON, 1980), but little is 
known about their relative roles, though these certainly depend on 
external conditions. 

Root anatomy is shown in figure 9 after KRAUSS (1949). The 
most characteristic feature is the presence of true aerating canals 



PHOTO 14 - Different species of wild pineapple still found in Brazil. From left to right (according 
to latest key by Smith, L .B.) : A . nanus, A. bracteatus, A . ananassoides, A . erectifolium, Pseuda
nanas sagenarius. (By pennission of Giacomelli). 

Reproduction courtesy of an anonymous donor 



PHOTO 1 7 · Formation of suckers 
after first fruiting. 

PHOTO 18 · 1st ratoo n crop. 
(By permission o f V uillaume). 

CVs of the Queen group . 
Victoria CV 

PHOTOS 15 and 16 • Inflorescence and fruit . 
(By permission of Aubert). 

Reproduction courtesy of FRUIT TRANSITOKANTOOR-ROTTERDAM B .V . 
FTK-Industriewed-40 , 3044 CB, Rotterdam, Holland 



PHOTO 21 - Singapore Spanish (Spanish 
group). (By permission of Py) . 

Other Cultivars 

PHOTO 19 - Perola (Pernambuco group) . 
(By permission of Giacomelli) . 

PHOTO 20 - Perolera (Perolera group) . 
(By permission of Py.) . 

Reproduction courtesy of the 
COMPAGNIE FRANCAISE DE PRODUITS INDUSTRIELS 

28, boulevard Camelinat, B.P. 75 - 92233 Genevilliers Cedex, France 



PHOTOS 24 and 25 - Inflorescence and 
fruit. (By p ermission of Teisson and Gia
comelli) . 

.Smooth Cayenne CV 
(The most widely cultivated CV in the world) 

PHOTOS 22 and 23 - Longitudinal section of the plant -
the root system. (By permission of Py). 

Reproduction courtesy of the 
SOCIETE COOPERATIVE AGRICOLE FRUITIERE DE MORNE-ROUGE 

97260 Mome Rouge, Martinique 
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formed in the outer part of the cortex by end-to-end cells contain
ing raphides and in the central part by lacunes resulting from the 
disappearance of groups of thin-walled cells. Together these features 
give the roots the appearance of pith. 

Figure 9 • Transverse section of root (after B.H. KRAUSS). 
a.c =aerating ca nal; co=cortex ; c.cy= central cylinder; o.c=outer 
cort ex i i.c = inn er co rtex ; en = endoderm is; ep = epidermi s ; ex= exo
derm Is; l : la cuna; P=Pith; r.h = root hair; pc: pericyc le; ph = phlo 
em; xy : xyl em. 

The aerating system can play a role in gaseous interchange 
(ABELES, 1924), and this r.1ay explain why datyime efflox of CO2 , 

subsequent to respiratory activity is easy to demonstrate in the 
whole plant but not in isolated leaves (NEALES et al. , 1980). 

Root hairs are formed just behind the growing portion of the 
root. They only live for a very short time, but remain attached to 
the root even after drying out. Observations carried out during 
hydroponic culture have shown that their formation is entirely 
dependent on the oxygen supply to the roots, which may explain 
pineapple's sensitivity to asphyxiating soil conditions. 

Pineapple roots are generally colonized to a varying degree by 
vesicular arbuscular mycorrhizae , which belong to the Glomus 
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genus of the Endogonaceae family (MOURICHON, 1981) (photos 
12 and 15 ). Endomycorrhizae, which are common in both temper
ate and tropical climates, frequently have a stimulating effect on 
plant growth due to improved mineral nutrition, particularly that 
of phosphorus, and in certain cases due to increased resistance to 
pathogenic fungal infections. 

1.3.1.4. -The shoots. 

Although the crown is formed by the terminal meristem, it 
can be considered to be a shoot since it can be removed from the 
mother plant and replanted. In comparison with the adult plant 
and the other types of shoots, it has a very short stem and many 
more leaves (up to 150) , and the leaves are shorter. 

The other types of shoots develop from an axillary bud located 
in each leaf axil. Although they generally do not start to develop 
until after floral differentiation, and indeed may remain dormant, 
they nevertheless provide the largest source of planting material. 

There are 3 different types of shoots (fig. 10) : 
- Suckers, which generally develop on the aerial portion of the stem 
or more rarely underground (ground suckers). The base of the 
sucker resembles a duck's beak (fig. 11). Ground suckers, whose 
growth is obstructed by the mother plant, have a marked crook 
and long, narrow leaves. 
- Hapas; the basic difference between hapas and suckers is that 
hapas develop higher up the stem, in the transition zone between 
stem and peduncle. 
- Slips, which develop in the axils of the bracts on the peduncle, 
have a pronourlced bulge at their base. The number of slips and 
the point of insertion on the peduncle vary ( cf. collar-of-slips, 
I.2.1.3 .). Slips have shorter stems and leaves and a larger rosette of 
leaves than suckers. Their structure is half way between that of a 
sucker and a crown. 

The development of crowns and slips that are still attached to 
the mother plant is limited and is arrested as the fruit approaches 
maturity . The weight of the crown ranges from 20 to 300 g, de
pending on the variety and on ecological conditions. 

Suckers and hapas, on the other hand, continue to develop on 
the mother plant and their size and weight depends on when they 
are harvested. Cf. I.3.3.5. 
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Figure 10 • Different types of shoots. 
g.s = ground sucker ; s = sucker ; h = hapa; sl =s lip ; er = crown • 

A B C D 

Figure 11 • Shoots have differently shaped bases depending on which part of the stem they emerge from. 
A . sucker; BandC ,. hapas; O ,._ s1,p. 
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1.3.1.5. -The inflorescence and the fruit. 

1.3.1.5.1.- BOTANY. 

The anatomy of the flower and the fruit has been described by 
OKIMOTO (1948). 

Figure 12 • Ei ght spira ls of fruit lets make up the syncarp. 

The inflorescence of the pineapple consists of a fused cluster of 
up to more than 100 individual sessile flowers arranged. in 8 spirals 
(fig. 12 and photo 24) , with an 8/21 phyllotaxy, around an axis or 
central cylinder, which is simply an extension of the peduncle. 

The hermaphrodite flower is trimerous, with 3 sepals, 3 petals, 
6 stamens and one tricarpellary pistil with an inferior ovary { figs. 
13 and 14). The lower part of the flower is surrounded by a bract 
with a thickened base and a very tapered point. The petals, which 
are linguiform, are purplish-blue to violet in colour and have scales 
on their adaxial surface. The shape of these scales helps classify 
species of the Ananas genus. The placenta and ovules, which number 
up to 50, are localed in three deep cavities called locules. 
Three nectariferous glands separate the locules. These have a deep 
central cavity and open onto the base of the style by means of three 
separate canals. The canals provide easy access for numerous path-



X 2,5 

Figure 13 • Longitudinal section of a fl ow er. 
b =b ract ; c = cu pu le ; n.d = nectary duct ; sta"" stamen; 
n.g = nect ary g land; lo = locu le; o : ovu lei P=peta l ; 
s.sepa l ; sty~st y le. 

X6 

Figure 14 • Transverse section of ovary showing 
placenta. 
n.g"" nect ary g land; lo =locule ; P=Placenta; o =ovul e . 
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ogens (cf. I.4.2.1.3.), although after flowering they become woody 
and the passages are blocked off (GUEROUT, 1974a). Nectar 
secretion can be heavy, but only during anthesis. Flowers are 
normally self-sterile and fruit development is parthenocarpic. 

The fruit (photo 25) is a syncarp formed by the fusion of the 
individual fruit produced by each flower. The number of individual 
fruitlets produced by any given variety is the principle factor that 
determines the weight of the fruit. Fruit weight can vary substan
tially: in Smooth Cayenne CV it can reach a maximum of 6 kg 
and of 12 kg in other varieties. 

Most of the floral tissue and the tissue of the central cylinder 
turns fleshy and becomes edible. As soon as this process iscomplete, 
it is no longer possible to distingish between different types of 
tissue (fig. 15 ). Floral abscission does not take place. With the 
exception of the pistils, stamens and petals, which wither, the 
whole blossom develops into the fruit. Remains of the withered 
parts are found at the bottom of the blossom cup covered by 
fleshy sepals. The blossom cup is lignified, but has many cracks 
through which pathogens can penetrate (GUEROUT, 1974a) . 
Most of the sepal is covered by the bract, the extremity of which 
is paperlike and curves upwards. The outside surface of each indi
vidual fruitlet forms the eyes of the pineapple. 

Due to expansion of adjacent tissue the locules become narrow 
but rarely disappear completely. 

After flowering, the apex again differentiates its vegetative struc
ture and a vegetative organ, the crown, develops on top of the fruit. 
The crown has numerous leaves which again have a 5/13 phyllotax
y . 

The peduncle is an elongation of the plant stem and its diame
ter is generally less than 1/ 3 of its length. These dimensions are 
highly significant, since there is a big risk of the mature fruit 
becoming lodged. The peduncle has no abscission zone. 

The axis of the inflorescence forms the « core» of the fruit. 
Its diameter is slightly bigger than that of the peduncle. Its exact 
size depends on the variety and mineral nutrition, and increases 
with fruit weight. Big cores are undesirable features in fruits des
tined for canning. 

I.3.1.5.2. - COMPOSITION. 

Table 8 shows the chemical composition of Smooth Cayenne 
CV fruit, after DULL (1971) and TEISSON (1977). 

Sugars and organic acids are indispensable for the organoleptic 
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Figure 15 • Mature fruit. On the right: Median longitudi
nal section. On the left: Tangential longitudinal section. 
b,,, bract; C:ccrown; n.d= nectary duct; CU= cupule; c.cy=cen
tral cylinder; i.f: individual fruitl et; n.g:nectarygland; lo:lo
cu le; p,,peduncle; fl.p:floral parts; s:sepals; st.c:stem of 
c rown. 
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quality of the fruit. These two compounds are distributed very 
unevenly due to the heterogeneous structure of the fruit (HUET, 
1958). The top part of the fruit is always less sweet than the bot
tom part and at any given point between the base and the top of 
the pineapple, the flesh is sweetest half way between the core and 
the sub-epidermal layer. Pineapple fruits do not contain starch. 
Free acid increases from the bottom of the fruit to the top, and to 
an even greater extent from the centre towards the outside. Free 
acidity represents approximately 70% of total acidity. Pineapple 
juice is a buffered medium with a pH normally between 3. 7 and 
3.9 (HUET, 1959). 

Amino acids comprise 0.33% of fresh weight. The two most 
important amino acids are asparagine and alanine (DULL, 1971). 
Bromelin, . a proteolytic enzyme characteristic of Bromelianeae, 
comprises more than half of the fruit protein (GORTNER and 
SINGLETON, 1965); it was first purified by OTA et al. (1964). 
Several different enzyme systems have been demonstrated in pine
apple fruits: methylpectinesterase; ascorbate oxidase (HUET, 
1958); polygalacturase (HOBSON, 1962); and most of all, peroxi
dase and AIA oxidase (SINGLETON and GORTNER, 1965; TEIS
SON, 1977). 

Esterification of pectin appears to play a significant role in cell 
wall resistance to breakage (DULL, 1971). The carotenoids found 
in the pulp are different from those in the shell, which also con
tains anthyocyanins and chalcones (GORTNER, 1965 ). Pigmenta
tion varies considerably with the variety. 

Phenolic compounds comprise, among others, p-coumaric 
acid, ferulic acid and caffeic acid esters. The latter, which are si
milar to chlorogenic acid, play a role in internal browning of the 
fruit (DIEUDONNE, 1977) (cf. I.4.1.4.3.5.). 

Aroma is the result of numerous volatile elements. FLATH and 
FORREY (1970) and NAF-MULLER and WILLHALM (1971), 
identified 59 components of the light volatile fraction, mainly 
aliphatic esters. But further research is needed to identify the 
compounds with higher molecular mass, which are often responsible 
for typical fruit aromas. 

I.3.2. - CARBON FIXATION IN PINEAPPLE 

Pineapple is the only example of a widely cultivated commer
cial crop with crassulacean acid metabolism (CAM). This type of 
metabolism, which dominates the whole physiology of the plant, 
is found in at least 14 genera of Bromeliaceae, in all species of 
Bromeliads that have been studied, and in particular in Ananas 
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TA BLE 8 -Composit ion of fru it flesh (1 00 g fresh weight). 

Water 80 to 86. 2 g 

Sugars 10 to 18 g 

Tota l s ugar con ten t can be cal c ul a te d us ing the 
following formula : degree of Brix- (0. 192 
x acidity in m.e . q. %) 

Organic acids 0.5 to J. 6 g 

Equivalen t of citric acid, i. e . 7 to 22 m.e.q./ 
100 ml of juice . Approx . 60 % c it r ic acid, 36 % 
mali c acid, traces o f succinic, o xali c and non
ident ifi e d acids 
(CHAN e ta!. , 1973) 

Mine ral s (Ash) 0 . 3 to 0.6 g 

Pigments 0 . 16 to 0.32 g Xan thophyll es but main l y carotenoi d s 

Total ni trogen 45 to 120 mg 

Prote in s 180 mg 

Minera l e lemen ts {i n mg) Flesh ( DULL , 1971 ) J u ice ( MARCHAL, 1974) 

Nitrogen O to 120 30 to 50 
Cal c iu m 7 to 16 3 t o 7 . 5 
Chlori ne 46 
Ir on o. 3 O.OSto0.15 
Iodine O. 006 to O. 107 
Magnesium 11 10 to 19 
M ang2nese 0 . 03 0.1 to 0 . 2 
Phosphorus 6 to 21 3 . 8 to 7 
Potassium 11 to 330 120 to 160 
S ili ca 1 1 to 69 
Sodi um 14 

S ulphur 7 

Vita mins in jl-Q 

Ascorbi c acid a 10 211 :,i lv" 
P. aminobenzoi c acid 17 to 22 
F'ol ic ac id 2 . 5 to 4 .8 
Niac i n 200 to 280 
Panthote ni c acid 75 to 163 
Vitami n A (as a lcohol) 0.02 to 0.04 

Thiamin 6 9 to 125 

Ribo fl av in 20 to 88 
B6 10to 140 

comosus, sativus and ananassoides (KLUGE and TING, 1978). 
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CAM, which was first demonstrated in pineapple by SIDERIS 
et al., ( 1948) , is thought to be a residual feature of the epiphytic 
or even xerophytic character of the ancestor of'this genus. · 

All plants assimilate CO
2 

from the atmosphere during the day 
by carboxylation of ribulose diphosphate (MOYSE, 1976). In the 
majority of plants, this reaction corresponds to primary CO

2 
fixa

tion. It is the normal C
3 

cycle. 
In certain tropical and sub-tropical Graminaceae, primary 

fixation , which always takes place in the daytime, occurs via the 
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carboxylation of phosphoenolpyruvate. The resulting tetracarbolic 
acids, first oxaloacetate, then malate or aspartate, are immediately 
decarboxylated, and released CO2 . is reassimilated into ribulose 
diphosphate. This is C4 'metabolism. 

In_ a third group of plants, the whole mechanism is comparable 
with that just described, but the cycles occur indifferent period: 
primary fixation is basically nocturnal, and accumulated malate 
is only decarboxylated during the following diurnal phase. This is 
crassulacean acid metabolism (CAM) (fig. 16). CAM is found in 
plants that have adapted to desert conditions or irregular rainfall. 
The stomata open at night and close during the day allowing as
similation of CO2 from the atmosphere, but a the same time reduc
ing water loss to a minimum. Accumulation of malate means 
that the tissues are succulent and results in high nocturnal acidi
fication of these tissues. In the case of pineapple, malate can attain 
1% of fresh weight of green leaf tissue (YOUNG in BARTHOLO
MEW and KADZIMIN, 1977) ; decarboxylation of malate takes 
place via the oxaloacetate pathway (DALEY et al., 1977, cf. 
fig . 16) and the amount of carbon accumulated in the free hexose 
pool can be us large as in the starch pool (CARNAL and BLACK, 
1982). These two processes seem to be unique with respect to 
CAM plants. 

However, accumulation of malate represents only a limited 
proportion of the photosynthetic capacity of CAM plants, which 
can, under certain conditions, fix CO2 during the day (OSMOND, 
1978). 

Pineapple, which was classified by NEALES (1975) as having 
complete CAM, is one of these plants. Studies of the carbon dioxide 
compensation point, of discrimination in the incorporation of 
13C, and of phenomena linked to photorespiration (CREWS 
et al., 197 5) have shown that C3 and C4 cycles are also used by 
pineapple. 

COMBRES (1979) using the standard schematization of CAM 
plants (OSMOND, 1978) described the phases in CO2 , fixation in 
pineapple as follows: 
- nocturnal phase : assimilation of CO2 , storage of malate ; 
- start of diurnal phase : depending on when the stomata close, 
CO

2 
assimilation may continue and the decarboxylation of malate 

1s immediate : C4 -cycle ; 
- middle of the day : the stomata are closed - decarboxylation of 
malate; 
- end of the day : C 

3
. pathway, depending on how early the sto

mata open. 
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Figure 16 • Diagram of Crassulacean metabolism. 
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The relative proportion of each of these phases depends mainly 
on stomatic movements, which, in turn, depend on climatic fac
tors. 

1.3.2.1 - Regulation of CAM in pineapple. 

I.2.3 .1.1. -WATER RELATIONS. 

Thanks to CAM, pineapple can survive periods of drought. The 
water supply is the main factor that determines the regulation of 
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CAM. Other climatic factors can have considerable influence, but 
within the limits established by the water supply. A reduction 
in this supply is known to lead to a reduction in CO2 assimilation, 
first at the end of the day and then, if the water deficit increases, 
at the beginning of the day. In extreme cases, even night absorption 
may be reduced (OSMOND, 1979) (table 9). 

TABLE 9 · Carbon metabolism and transpiration as a function of water supply in 
CAM plants (OSMOND, 1978). 

Soil water potenti a l in bars - 1 - 5 <-SO 

Plant water potenti a l in bars - 3 - 6 -15 

CO2 & H20 exchange : Night + :!: 

Begin nin g of day + + 

End of day + 

Malate variation as a o/o of maximum 100 50-80 25 

Transpiration g H20/g CO2 50- 600 18-50 0 

Growth rate g/m2 soi l /day 5-20 0.5-1.5 0 

Under artificial conditions CONNELLY (1972) has shown that, 
depending on the photoperiod, nightime CO2 , assimilation by pine
apple represents 29-58% of total diurnal assimilation with no 
water deficit, and 58-88% with ,a water deficit. However, in spite 
of its relative importance in this particular case, the night-time 
absorption rate normally is very low (cf. fig. 17). 

1.3.2.1.2 . - DAILY THERMOPERIOD - TEMPERATURE. 

If there is no water deficit, the thermoperiod determines CAM 
activity. Working under rather different conditions and in spite of 
certain divergences in connection with the intensity of assimila
tion, CONNELLY (1972) and NEALES et al. , (1980) have shown 
that an increase in the photoperiod results in an increase in the use 
of the crassulacean pathway (cf. figs. 18 and 19). According to 
CONNELLY (1972), the percentage of CO., fixed during the night 
is zero at a constant temperature equal to of above 25°C and attains, 
for example, 86% at a day temperature of 40° C and a night tem
perature of 25°C, {cf. fig. 18). At a day temperature of 40°C and 
a night temperature of 15°C, CAM is fully activated. 

In the field it is obviously not the screened thermoperiod that 
counts but the thermoperiod of the leaf, which is affected both 
by the wind and particularly by total solar radiation. The colour 
of the leaves and the lack of daytime transpiration can lead to 
considerable heating of the leaves, which varies depending on 
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Figure 17 • Effec t o f wate r deficit on ni ght-time and day-time CO2 assi mil at ion (day 
tempe rature: 30 °C; night temperature: 20'C) _ Af ter Connelly (1972)_ 

the spatial position of the leaf concerned (fig. 6) (AUBERT and 
BARTHOLOMEW, 1975). Thus the thermoperiod of the leaves can 
be much bigger than the screened thermoperiod. 

I.3.2.1.3. - TOTAL SOLAR RADIATION. 

Solar radiation has a direct effect on photosynthetic reactions 
as well as on the temperature of the leaves_ 

A minimum amount of solar radiation is needed to cause total 
decarboxylation of acids. Complete decarboxylation is indispensa
ble for absorption during the subsequent nocturnal phase (NOSE 
et al., 1977); the amount of absorption to occur is, in turn, directly 
proportional to the amount of solar energy previously absorbed 
(SALE and NEALES , 1980) . 

When the metabolism is strictly CAM, due to the thermal 
amplitude of the foliage , i.e . there is no water deficit, the screened 
thermoperiod is reasonable, there is no wind, and total solar radia
tion is intense, a decrease in total solar radiation can cause diurnal 
opening of the stomata. A situation of this type can occur in the 
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Figure 18 • Effect of daily thermoperiod on flow of CO2. Night temperature constant : 
25°C. After Connelly (1972). 

Sahel region. when irrigation is used and shading encourages diurnal 
assimilation of CO2 by reducing the temperature of the leaves. 

However, if the metabolism is only partially CAM, i.e. there is 
no water deficit and the thermal amplitude of the leaves is not 
excessive, intense total solar radiation in fact makes diurnal open
ing of the stomata possible ( COCKBURN et al., 1979) by means of 
rapid dissipation of internal CO

2 
that result from rapid decarboxy

lation. This phenomenon has been observed by some authors 
(AUBERT, 1971), but not by others (SALE and NEALES, 1980). 
Generally speaking, this situation is the most favourable for photo
synthesis. 

I.3.2.1.4. - PHOTOPERIOD. 

Reduction of the number of hours of daylight can increase 
nocturnal assimilation of CO2 either by a simple quantitative effect 
(as is the case with Bryophyllum, MARCELLE, 1975), or as a result 
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Figure 19 • Effect of daily thermoperiod on flow of CO2 over 4-hour 
periods. Day temperature constant: 30°C. After Neales et al. (1980). 

of a new enzyme balance (as is the case with Kalanchoe, BRUL
FERT et al. , 1979). However, the latter type of effect appears to be 
exceptional (OSMOND, 1978), and in pineapple FRIEND and 
CYDON (1978) did not observe a change in nocturnal acidification 
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at a constant temperature of 25°C and a period of daylight ranging 
from 8 to 16 hours. 

I.3.2 .1.5. - OTHER FACTORS. 

The influence of potassium on the stomatic opening mechanism 
in plants is well known (LAUCHLI and PFLUGER, 1978) and it 
can play a decisive role in pineapple. COMBRES and PERRIER 
(1976) have shown that an improvement in potassium nutrition 
leads to better regulation of stomatic movemen~s : earlier opening 
with a satisfactory water supply and more complete dosing in the 
case of a water deficit. The role played by potassium at least 
partially explains the importance of this cation for pineapple ( cf. 
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Figure 20 • Effect of rainfa ll after a long period of drought on da ily changes in stomatic resis
tance. Measurements taken in the f ie ld. (Combres, 1981 ). 
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1.4.1.3.1.). 

1.3.2 .1.6. - CONCLUSION - BEHAVIOUR IN THE FIELD. 

One of the difficulties encountered when attempting to schema
tize the regulation of CAM is that in nature different climatic 
characteristics are linked, and an endogenic rhythm governs the 
different enzymatic systems involved (QUEIROZ, . 1971). This 
rhythm slows down reactions to external stimuli by the plant. 

Nevertheless, when carrying out systematic measurements of 
stomatic resistance in the field, COMBRES (1981) was able to 
confirm the significance of the effect of different parameters that 
had previously been demonstrated under artificial conditions ( cf. 
figs . 20 and 21). 

The unique significance of the water supply is well illustrated 
by the spectacular effect rainfall has after a period of drought : 
the stomata open much earlier in the afternoon. This effect is only 
acquired progressively and then tends to diminish even when 
there is no water deficit (fig. 20). 

A small thermoperiod also brings forward afternoon opening of 
the stomata (fig. 21, curve 3). 

A hot, dry wind (the Harmattan in West Africa) causes prolong-
ed closing of the stomata (fig. 21, curve 1). 

A further factor revealed by the series of measurements was 
the effect of morning fog, which caused a considerable delay in the 
closing of the stomata (fig. 21, curve 2). 

1.3.2.2. - Consequences of CAM in pineapple. 

The three different pathways used for fixation of CO2 from the 
atmosphere result in quite different types of ecological behaviour 
in plants: 

TABLE 10. Ecological characteristics of plant as a function of photosynthetic activity 
(after BLACK, 1973 and MOYSE, 1976) . 

CAM C 4 C3 

Optimum temperature for 
35 30 - 47 15 - 25 

photosynthesi s "C 

Transpira tion 18 - JOO (dark) 
250 - 350 450 - 950 

g H20/g d. m. 150 - 600 ( light ) 

Net photosyn thesi s 
2.4 - 24 120 - 148 24 - 72 

g C0 2/m2 leaf/day 

Mean produ c ti on extre me l y 
10 . 6: 4.6 6: 0.9 ct. m. g/m2 s oil/day vari able 
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CAM thus appears to be the means by which plants can contin
ue photosynthesis at a reduced rate while consuming very small 
quantities of water. If plants use the C3 or C 4 pathways, photo
synthesis increases in direct proportion, but so does water consump
tion. 

This is also true in the case of pineapple, and the behaviour of 
the plant varies considerably depending on the balance between 
the three metabolic pathways. 
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I.3.2.2.1. - TRANSPIRATION. 

The low rate of transpiration that is possible in pineapple was 
demonstrated in 1928 by SIDERIS and KRAUSS and can be ex
plained anatomically, and particularly by physiological factors. 

Cuticular resistance in pineapple at more than 800 sec cm-1 
(BARTHOLOMEW and KADZIMIN, 1977) is considered to be 
infinite, and stomata! resistance varies as a function of the aper
ture from 7 sec cm-1 to 600 sec cm-1 (AUBERT, 1970-71). 
However, lower values that more closely approach those of meso
phytic plants (WHITMAN and KOLLER, 1967) have also been 
observed (COMBRES, 1981; cf. figs. 20 and 21). 

Be that as it may, water loss is basically limited by a shift in 
the balance between the different photosynthetic pathways to
wards CAM whenever climatic conditions show a tendency towards 
drought or a longer thermoperiod. Under conditions such as these, 
transpiration in pineapple can be very low - around 30-7 0 mg/ 
dm 2 /h - which is less than one tenth that of mesophytic plants 
(NEALES et al., 1968) and the water consumption of a pineapple 
field is primarily due to loss from the surface of the soil (EKE RN, 
1965). 

This is no longer the case when climatic conditions result in 
diurnal opening of the stomata. Here, plant water loss is far from 
negligible. 

The water supply, which is the main factor that controls CAM, 
plays a leading role. If the supply of water is optimal (irrigation) 
and if the cultivated area is large, Maximum Evapotranspiration 
(MET) can approach the upper evaporation limit, which is the same 
for all plants. However, even under these conditions, and when 
climatic requirements - determined by the amount of radiation, 
wind and air saturation deficit - are identical, MET varies as a 
function of the external factors that control CAM: the diurnal 
thermoperiod and possibly potassium nutrition. 

1.3.2.2.2. DRY MATTER RATIO. 

The photosynthetic yield of CAM plants varies considerably de
pending on the metabolic pathway used. In the case of pineapple, 
according to CONNELLY (1972), maximum instantaneous rates 
of CO2 assimilation were approcimately 10 ng/cm2 of leaf/sec 
during the night and 26 ng/cm2 of leaf/sec during the day. SALE 
and NEALES (1980) give values of 15 and 22 g/cm2 of leaf/sec 
for the same data. These figures correspond to values of between 
11 and 30 g of CO2 /m

2 of leaf/day, and thus to the highest values 
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generally quoted for CAM plants (cf. fig. 10). 
Mean assimilation over long periods is obviously lower and also 

more difficult to determine. BARTHOLOMEW and KADZIMIN 
(1977) give values of 0.4 to 2 g/m2 of leaf/day, which correspond 
to a mean instantaneous assimilation rate of 0.46 to 2.3 ng/cm2 

of leaf/ sec. 
The quantity of CO2 assimilated per day and per unit area of 

leaf surface is consequently relativecy low in comparison with non
CAM plants. Nevertheless, as far as pineapple cultivation is con
cerned, production of dry matter is more or less continuous thanks 
to the availability of different metabolic pathways, although 
fluctuation in the intensity of production occurs during the course 
of the year. Moreover, production is actually increased due to leaf 
morphology and the fact that plants can be planted at high densi
ties, which results in a leaf area/ground area ratio of over 10 (PY 
and TISSEAU, 1965). This being the case, production of dry mat
ter over long periods can reach 12 g/day/m2 of ground occupied, 
which approaches maximum values for mesophytic plants. 

There are marked differences in growth between equatorial and 
tropical regions. Thus, when technical conditions are satisfactory, 
9 t of fresh matter/ha/month are produced in Cameroon, and 
4.4 t in Hawaii (BARTHOLOMEW and KADZIMIN). In equatorial 
regions the regular supply of water and constant high temperatures 
favour diurnal assimilation of CO2 and this results in a higher 
photosynthetic yield, as does a much larger active leaf area due to 
rapid foliar differentiation (cf. 1.4.1.1.). 

1.3 .2 .3 . CONCLUSION. 

Because of CAM, pineapple can adapt to different climatic 
conditions, although the rhythm of growth varies accordingly. Spe
cifically , pineapple is adapted to drought insofar as CAM allows 
photosynthetic activity to continue in spite of an unsatisfactory 
supply of water , but yields are low. Growth and production are 
far below optimum values obtainable with a satisfacroty water 
supply . Thus, from the point of view of its potential blomass pro
duction (MARZOLA and BARTHOLOMEW, 1978), the pineapple 
represents an attractive crop in regions with limited rainfall. Opti
mum production is obtained by ensuring that CAM is not fully 
activated, mainly by taking measures to avoid a water deficit, 
but also in certain cases by limiting total radiation. 
In another connection, the balance between the different meta
bolic pathways has considerable influence on fruit quality , as 
sugars and organic acids - primary factors in the determination 
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of fruit quality - are intimately involved in CAM. This also explains 
the marked variations in the composition of the fruit, particularly 
as a function of the climate (cf. 1.4.1.4.1.). 

1.3.3. VEGETATIVE GROWTH 

The growth of pineapple can be divided into 3 stages : 

- vegetative growth (roots, stem, leaves) of the shoot that has 
been separated from the mother plant ; 

- growth of the fruit, crown and possibly of slips. Floral differen
tiation appears to be the first recognizable stage of development; 

- growth of suckers; this results in additional fruits (1st and 2nd 
ratoon crops) if the suckers are not replanted. 

The first two stages are consecutive and are separated by a 
short transition period that corresponds to floral differentiation, 
which is usually induced. On the other hand, the last two stages 
are not completely distinct and influence each other. 

I.3.3.1. Plant growth. 

The growth curve for plant fresh and dry weight has a sig
moid trend (fig. 22). SIDERIS and KRAUSS (1937) fitted it to 
a mathematical function as defined by ROBERTSON. 

Before floral differentiation, plant growth comprises growth 
of the roots, stem and leaves. Flowering is usually induced artifi
cially (forcing) (cf. 1.3.4. and 11.10), and is carried out before 
completion of the rapid growth stage. The percentage of dry 
matter in the plant as a whole remains relatively constant. 

After floral differentiation, the growth of the fruit - which 
is also sigmoid - is added to that of the vegetative organs. Growth 
of the plant as a whole can vary considerably during this stage, 
particularly after flowering (fig. 22). Figure 23 compares relative 
variations in dry matter in leaves, stem and fruit. There is an in
crease in the mean percentage of dry matter throughout this 
whole period, but the increase in dry matter for the plant as a 
whole generally stops just before fruit maturity. Dry matter only 
starts to increase again with the relatively slow growth of the 
suckers. 

According to SIDERIS and YOUNG (1950), production of 
dry matter per day ranges from 2g at 4 weeks to approximately 
20g at 50 weeks. It has been estimated (SANFORD, 1971) that 
plant fresh weight can double every two months. These values 
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must be considered in the context of photosynthetic metabolism 
( cf. 1.3.2). 

Growth depends on a number of factors that are specific to 
the plant. First and foremost, the plant growth rate is linked to 
the weight of the planting material (PY, 1960a; GAILLARD, 
1969, etc.). The higher the initial weight, the earlier artificial 
flower induction may be carried out to obtain commercially 
acceptable fruit weights. 

For any given fruit weight, the typ~ of shoot used is also 
significant, (PY, 1973; LACOEUILHE, 1976a) (cf. table 11). 
Suckers have the fastest growth rate and crowns the slowest, 
slips fall between the two. GAILLARD (1974) has shown that 
earliness in suckers varies with the position of the sucker on the 
stem. The shape of the growth curve is roughly correlated with 
the position of the shoot on the mother plant. 

Other factors also play a role. Some are more easy to deter
mine than others and they are frequently all grouped together 
under the heading «physiological condition» of the shoot. Growth 
of the shoot before planting, i.e. when it was still on the mother 
plant, may have slowed down considerably due to depletion of 
mother plant resources and even more through separation from 
the mother plant. Production of dry matter continues during 
storage, though at a reduced rate: 9% over a 3-month period 
according to RAFFAILLAC and RICAUD (1980). The conse
quence this can have for growth after planting vary too much 
to allow absolute control, particularly thoes connected with 
soil conditions, and can result in marked heterogeneity in plan
tations. 

Although the impact of all these factors may appear insignif
icant in comparison with variations in climate and in soil condi
tions in different pineapple-producing areas, they nevertheless 
play an important role in crop management. 

I.3.3.2. Growth of the roots. 

When the shoots are harvested, root primordiums are visible 
between the oldest leaves at the base of the stem. HAINNAUX 
and DE RICAUD (1977a) have shown that there is a correlation 
between the number of primordiums and the weight of the sucker. 

After planting, it is possible to distinguish between at least 
three different stages in the growth of the roots. Most studies of 
these stages have been carried out on suckers (HAINNAUX and 
DE RICAUD, 1977a; GODO, 1980a): 
- the first stage of growth is rapid and corresponds to the shoot's 
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Figure 22 • Va riations in fresh weight of plant grown from a 
sucker weighing 250g. Two locali ties in the Ivory Coast and 
one in Martinique. (FIT= Flower induction treatment) . 
(Py, 1973 ; Lacoeuilhe, 1976a). 
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Figure 23 • Variations in dry matter in leaves, stem and 
fruit after flower induction treatment (FIT). Two lo ca lities 
in the Ivory Coast (1.C.) and one in Martinique (M.). 
Plants grown from crowns weighing 250g. 

specific growth potential. It is curious to note (TEISSON, 
1973b) that if all the sucker's roots are destroyed intentional
ly one or two months after planting, the plant produces zn 
almost equivalent root system within the next two months; 

. the second intermediate stage of slow growth. In natural condi
tions Urn duration of this phase depends on climatic conditions. 
It is seldom if ever observed in hydroponic culture (GODO, 
1980a); 

. the third stage is more rapid and this is when plant growth is 
renewed. The timing of this phase depends on environmental 
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TABLE 11 - Fresh weight of plants at flower induct ion treatment 
at 10 months. 

Ivory Coast 
Martinique 

A B 
1-------- ------- -------

a b a b a b 

I C rown s 2 542 1 599 2 600 1 791 2 521 1 404 

Suc ke r s 2 644 1 959 3 050 1 84 5 2 886 1 655 

a. Inc luding we ight of harvested fruit 

b. Fruit a lone 

Wei ght of the sucker : 250 g 

89 

conditions. In a nutritive solution occurs at 3 months, and 
under natural conditions at around 5-6 months. 

Root differentiation (like leaf differentiation) continues 
during storage. Thus, a sucker that has been stored has an advan
tage over one of the same weight that has just been harvested. 
Initially, if environmental conditions are ideal, the former has 
more prospecting power in the soil, thanks to more numerous 
and longer roots (RAFFAILAC and DE RICARD, 1980). On 
the other hand, the plant can have difficulty in surviving if it is 
planted during a period of drought. 

The emergence of roots is probably triggered by hormones. 
It can be encouraged by dipping in AIB or AIA (SINGH and 
SRIVASTAVA, 1966) or simply soaking in water to rehumidify 
the tissues at the base of the stem (LACOEUILHE, 1979 a) . 
Physiological stimulation is also said to be achieved by reducing 
peroxidasic activity with phenamiphos (MILNE et al., 1977). 

Although this subject is of obvious interest to agronomists, 
much work still remains to be done in this field. 

Root morphology is determined by the type of shoot used : 
- suckers have few roots (TEISSON, 1973 a) and the higher the 

point of insertion on the stem, the lower the geotropism of the 
shoot; 

- on slips, the roots emerge slightly faster from the lowest part 
of the stem, which is shaped like a crook. The roots emerge 
radially in relation to the stem ; 

- crowns have the most roots, which are generally horizontal and 
only slightly branched. Four weeks after planting, DIDUNGU 
(1973) counted an average of 39 roots per plant grown from 
crownd, as opposed to only 15 per slip and 5 per sucker. 

Various elongation rates are given in the literature, mostly 
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for plants grown behind glass. To cite one example, BONZON 
(1969) observed average growth of 4.4 cm/week, with a maximum 
of 6. 7 cm/week in the Ivory Coast. A plant can produce vigo
rous roots 1.80 m long in less than one year (SIDERIS and 
KRAUSS, 1934). The first symptom of wilt disease is that root 
elongation comes to a halt (cf. I.4.2.2.) (CARTER, 1948). 

Root mass increases relatively faster than leaf mass after 
planting (HAINNAUX and DE RICAUD, 1977 b). The develop
ment of the root system is indispensable for the renewal of growth 
and there is a correlation between the number of roots and plant 
weight a short time after planting (fig. 24). Root mass apparently 
continues to increase throughout the life of the plant and espe
cially after floral initiation (BONZON, 1969), but little data 
is available on the subject, particularly concerning growth after 
the first fruit has been harvested. 

Root growth depends on many different physical and biolog
ical factors in the immediate environment. The sensitivity of 
roots to unfavourable conditions nearly always limits the life 
span of the plant. BOWERS wrote in 1929, «Why do pineap
ple plants die young ? A better question for one who has studied 
their roots in the fields would be, how can pineapple live so 
long?». 

The limited life of the roots is even more significant due to 
the direct link between certain groups of leaves and roots (SIDE-
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RIS, 1926). The difference between the two stages of root devel
opment (GAUDIN, 1981) is that each root that emerges during 
the second stage feeds a larger number of leaves in both the hori
zontal and vertical planes. 

I.3.3.3. Growth of the stem. 

The growth curve of the stem is sigmoid as is true of all the 
other organs . Weight increase is rather slow during the vegetative 
stage,particularly during the first few months. The major part 
part of fresh and dry matter is acquired subsequently, especial
ly during the two months immediately following flower initia
tion. 

The percentage of dry matter in the stem increases quite 
regularly, then decreases quite sharply when the fruit is approach
ing maturity, in favour of an increase in fruit dry matter. 
The rate of increase in dry matter in the leaves and the stem is 
almost equal up to flower initiation, after which the rate of 
increase in the stem is clearly higher. N-K fertilizer accentuates 
this difference (LACOEUILHE, 1976a). 

In the Ivory Coast (LACOEUILHE et al ., 1978) an increase 
of 30 % in dry matter has been observed in the stem in the three 
months following fruit harvest, whereas dry matter in the leaves 
remained almost constant over the same period. 

It thus appears that the stem acts as a storage organ for the 
products of photosynthesis - especially during periods after a 
development phase, i.e. initiation of the flower or the first shoots -
and that these reserves are used when photosynthetic activity 
cannot satisfy plant requirements, i.e. active fruit growth, growth 
of shoots. 

1.3.3.4. Growth of the leaves. 

Up until flower initiation the leaves represent 90% of plant 
fresh weight not including the roots (PY, 1959a), and when the 
fruit is harvested, they still represent approximately 50%. For 
this reason, leaf growth is frequently considered together with 
plant growth as a whole (at least during the vegetative stage) 
even though the physiological role played by the stem can be 
significant, especially at certain stages. 

Growth of the total leaf mass comprises : 
- an increase in the number of living leaves of the plant ; 
- growth of individual leaves. 

The apex is at the top of the stem. Young leaves appear 
in the heart of the rosette of leaves and the oldest leaves are found 
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at the base of the stem. 
The interval of time between differentiation and the appear

ance of the leaf is not constant and can be longer than 4 months 
(LACOEUILHE and PY , 1974) . The rhythm that governs the 
appearance of the leaves thus does not accurately reflect the 
rhythm of leaf differentiation. It nevertheless provides a useful 
means for estimating growth and growth rates. 

When suckers are used as planting material , the rate at which 
leaves appear after planting increases regularly with the age of the 
plant ( cf. fig . 25 ). On the other hand when crowns are used, 7 
to 8 leaves can appear during the course of the first month, and 
subsequently there is a decrease in the rate of emergence. 

After 4 to 5 months, the type of shoot used as planting mate
rial no longer has any noticeable influence. In fact , leaf initiation 
in these two types of shoot is identical, at least from 2 months 
on (LACOEUILHE , 1976a). Suckers and crowns with the same 
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initial weight have the same leaf area in spite of a difference in the 
number of leaves. 

The difference in behaviour between the two types of shoots 
after planting has more to do with the growth of individual 
leaves and of the stem than with the ability of the meristem to 
differentiate leaves. During the first few months, the leaves of 
plants grown from suckers are longer and heavier than those of 
plants grown from crowns. 

The rate at which leaves emerge appears to increase during 
the month following flower initiation, especially when the flow
er grows upwards rapidly in the rosette. The last leaf to appear 
before flower induction is often located on the flower peduncle 
and its growth is thus limited. By contrast, the youngest leaf 
visible when the shoot is planted is often still alive when the fruit 
is harvested, especially in the case of suckers {cf. fig. 26). This 
means it has an exceptionally long life of more than 15 months 
{PY, 1959a). 

Growth of the leaf is basal. Young trichomes {cf. fig . 27) 
at the base of the growing leaf provide direct access for Phyto
phthora palmivora {BUTL) Butl. {BORER, 1974). The distal 
portion of the leaf is the oldest. 

The leaf growth curve is also sigmoid. In equatorial Africa, 
leaf length and fresh weight reach their maximum values approxi
mately 4 months after the appearance of the leaf in the heart of 
the rosette. This interval is fairly constant in relation to the main 
factors that influence the intensity of growth. The biometric 
characters of the leaf reach their highest values when the edges 
of the base of the leaf are parallel and perpendicular to tl).e line of 
insertion on the stem. The same period is needed for a balance 
between the width of the leaf and the circumference of the stem. 
The base of the younger leaves forms an angle of more than 90°; 
the base of the older leaves forms an angle of less than 90° because 
the circumference of the stem continues to increase. 

The morphological character of the leaf as growth is ending 
has been used by PY {1959a) to determine the D stage. At any 
given time in the life of the plant, one leaf fits this description. 
However, during periods of rapid growth, these particular mor
phological criteria imply that only two, three or four leaves can be 
isolated rather than just one; consequently the accuracy of the 
method is limited during the first four months after planting. 
Nor should it be used shortly after flower induction, when the 
growth rate of the leaf decreases in comparison with that of the 
stem and the peduncle. 

SIDERIS and KRAUSS {1936) defined D-leaves as the long-
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est leaves. It is always possible to determine the longest leaf of 
the plant irrespective of the stage of growth of the plant, but 
this leaf may or may not have terminated growth. 

In regions where growth is rapid (hot, humid, low altitude 
regions near the equator) where the longest, heaviest leaf has not 
yet completely finished growing, the D-leaf is thus older. How
ever, this is not always the case even with increasingly inten
sive methods of cultivation. In addition, if the leaf has not termi
nated growth before flower differentiation, elongation will sub
sequently continue at a slower rate than the increase is weight 
(LACOEUILHE and PY, 1974). The characters of the longest 
leaf must consequently be interpreted differently depending on 
conditions governing its growth, i.e. the plant and climatic condi
tions. 

It is nevertheless possible to distinguish between different 
categories of leaves : 
- leaves that terminate growth on the mother plant, A-leaves 

as defined by SIDERIS and KRAUSS; 
- leaves that begin but do not terminate growth on the mother 

(3 plant, ~-leaves as denifed by SIDERIS and KRAUSS; these 
leaves have a constriction followed by an enlargement with 
marginal spines, which corresponds to renewed growth after 
planting; 

- leaves that begin to grow after planting. 
The last category can be subdivided as follows : 

- leaves that have terminated growth, C-leaves as defined by 
SIDERIS and KRAUSS; 

- leaves that are terminating growth, D-leaves; 
- leaves that have not yet finished growing, E- and Fl-leaves 

ad defined by SIDERIS and KRAUSS; 
- leaves whose growth has slowed down or stopped due to flower 

differentiation; these approximately correspond to F2-leaves 
as described by SIDERIS and KRAUSS. 
Growth parameters of the leaf (length, width, fresh and dry 

weight) react differently to external factors (cf. fig. 28). Alla
metric correlations depend on the conditions governing the 
observations and are thus not universal. The surface-length relat
ion is a parabola (TAY and TAN, 1971), but the surface-width 
relation at mid-length is a straight line (PY, 1959a). The surface
weight relation is also a straight line with a variable slope. 

According to BARTHOLOMEW and KADZIMIN (1977) , 
specific leaf weight can increase from 114 to 153 mg/cm-2 when 
night temperatures are reduced from 30 to 18° C and the pro-
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duction of dry matter can be considerable at temperatures consid
ered sub-optimal for the elongation of leaves or roots ( cf. 1.4. 
1.1.1.1.). 

If there are no limiting factors, successive leaves are longer, 
wider and heavier when they reach the D stage. However, the 
fresh weight of D-leaves tends towards a maximum varying be
tween 80 and 110 g and is not proportional to the weight of the 
plant without roots (cf. fig. 29). 

Leaf mass cannot be calculated on the basis of a single D-leaf. 
It must also take into account the rate of leaf initiation, or more 
simply the rate of emergence of the leaves (PY and LOSSOIS, 
1962). 
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where TLM = theoretical leaf mass 
DL2 = weight of D leaf at 2 months 
NL 2 = number of leaves that appeared between O and 2: 

0 
months 

This method of calculation means leaf growth in different • ecological system can be compared. It requires accurate and 
demanding observations, but their interpretation provides more 
valuable information than a simple plant growth curve. 

Generally speaking1 leaves with the greatest mass emerge 
2 to 4 months earlier ( cf. fig . 26 ). These leaves form an angle 
of 45 to 60° (cf. fig. 6) with the soil and are least affected by 
shading by other leaves and consequently intercept most of the 
available light. They are thus responsible for most photosyn
thetic activity . This is also true during formation of the fruit, as 
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these leaves, together with the stem, contribute most to the 
filling of the fruit. 

1.3.3.5. Growth of the shoots. 

Three types of shoots - slips, hapas and suckers - develop 
from a small number of buds, one in the axil of each foliar organ 
(leaf or bract). 

Crowns are discussed in chapter I.3.5. In fact this organ 
emerges from the terminal meristem and its development, which 
does not require the ending of a dormant state, is directly linked 
to that of the fruit. 

I.3.3.5.1. - DEVELOPMENT OF AXILLARY BUDS. 

As long as the terminal meristem is in the vegetative stage, 
development of the buds is inhibited. Experiments, particularly 
those using synthetic hormones, have shown that renewed growth 
of the post-vegetative buds is determined at flower different
iation. This explains the influence of climatic conditions at this 
particular time (cf. I.4.1.1.2) and also the influence of differ
ent flower induction agents (cf. II.10) on the number and posit
ion of shoots produced. However, in certain varieties, e.g. Vic
toria in Reunion, axillary buds start to develop much earlier 
(VUILLAUME, 1982) (photo 11). 

Generally speaking the first buds to develop are located in 
the axils of leaves that are relatively young when floral differen
tiation occurs. The commonest types of shoots are slips and 
hapas; nevertheless, there are few of them in comparison with 
existing buds: an adult plant normally produces O - 5 slips as 
well as 1 (or more rarely 2 or 3) stem shoots (suckers or hapas). 

The stage of growth reached by the plant when floral differ
entiation occurs is significant. The bigger the plant, the slower 
the development of the axillary buds on the stem and the higher 
the buds will be (PY and GAILLARD, 1971). However, in the 
case of slips, if climatic conditions promote their development, 
longer vegetative cycles tend to result in more slips. 

The shoot or shoots that develop on the stem inhibit devel
opment of other axillary buds and only their removal allows 
other buds to develop subsquently, these usually being slightly 
younger buds. Thus, the number of shoots produced by a plant 
depends, among other things, on the frequency with which they 
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are harvested. Consequently a choice has to be made between 
the number and the weight of the shoots to be harvested (PI
NON, 1981a, cf. 11.13). 

1.3.3.5.2. - GROWTH OF THE SHOOTS. 

Slips behave quite differently from suckers and hapas, which 
develop from the stem. 

Slips start to grow immediately and consequently develop 
at the same time as the inflorescence, but development stops 
shortly after fruit maturity. Moreover, there is competition be
tween developing slips and the developing fruit (cf. 1.2.1.3). The 
final weight of the slips varies considerably: 100 to 300 g in 
Smooth Cayenne, and variations in weight increase with the 
number of slips. 

Buds on the stem, which start to develop at floral differen
tiation, often only undergo active growth after the fruit is harvest
ed. In contrast with slips, stem shoots can continue to grow for a 
long time and result in a plant almost as big as the mother plant. 
This can produce a marketable fruit (1st ratoon crop) (cf. 11.12). 

As the young shoot has only a limited photosynthetic area, 
initial growth depends on reserves and on mother plant activity, 
which must, however, as sufficient, after the fruit harvest, to 
ensure the initial growth of the shoot and the restocking of 
stem reserves. 

Shoots that develop on the mother plant do not have under
ground roots - except in the rare cases of underground suckers -
and depend entirely on the root system of the mother plant, 
particularly for their supply of water. The healthy condition of 
the mother plant root system is thus one of the most important 
factors to be taken into account in connection with growth of 
the shoot: satisfactory control of root parasites, specifically 
nematodes, is indispensable (cf. 11.9.8.). 

Plants that are depleted produce late shoots that are fili
form in shape and are not good planting material. 

Precise data concerning the growth of shoots on the mother 
plant are rare; PINON (1979a) observed a gain in fresh weight 
of approximately 250 g in 40 days and 600 g in 80 days in a shoot 
with an initial weight of 150 g. 

1.3.4. - FLOWER DIFFERENTIATION 

1.3.4.1. - Physiology of flowering. 
The plant meristem receives constant signals from other parts 
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of the organism. The signals vary in intensity and encourage the 
production of either vegetative or floral structures. The balance 
between the different signals is what determines the type of 
structure produced (MIGINIAC, 1979). However, in natural 
conditions, flower initiation culminates in the death of the organ 
or the plant after multiplication has taken place, and is generally 
irreversible once it is engaged. 

In pineapple, the balance between vegetative and floral path
ways seems to tilt in favour of the former. It appears to be dif
ficult for the plant to attain the floral stage, which is rarely 
reached simultaneously, even in an apparently homogenous popu
lation, and most important of all, is transitory, for after initiat
ing the floral structure, the meristem returns to the vegetative 
state and continues to produce foliar primordiums that develop 
into a miniature plant on top of the inflorescence: the crown. 
crown. 

Flower differentiation in pineapple has another peculiarity 
in that it can be induced artificially. The physiological aspects 
of artificial flower induction (forcing) have much in common 
with natural differentiation and will be discussed below. 

In another connection, the floral initiation procedure can have 
a quantitative effect on the production of floral tissue and conse
quently on crop yield (PALTRIDGE and DEHOLEN, 1974; 
YOKO!, 1976). 

I.3.4.1.1. - NATURAL FLOWERING. 

Natural flowering is brought about by climatic factors. Pineap
ple is a short-day plant, but other climatic factors are also in
volved and cool temperatures in particular promote flowering 
(cf. I.4.1.1.2). In the regions where pineapple is cultivated, days 
are generally too long and temperatures too high, and reaching 
the flowering stage has a quantitative aspect, i.e. the shorter the 
nights, the fewer the daytime cycles required to induce flowering 
(PY and BARBIER, 1965). 

Initiation can only take place if the development of the plant 
has reached a certain stage. Floral maturity is only acquired when 
the age and weight of the plant have reached the required stage 
(cf. fig. 30). Beyond this stage, ease of floral initiation increases 
with an increase in plant weight and this fact combines with the 
cumulative effect of longer or shorter days (PY, 1968a). There 
is, however, an exception to this rule: certain extremely large 
shoots differentiate as soon as they are planted. A sudden modifi
cation in the water supply could cause flowering in this particular 



80 

60 

40 

20 

0 

BOTANY AND PHYSIOLOGY 101 

ai 
~ 
0 

..... 
C 

~ 
C 
<1l 
Q. 

0 

* 

~o 

Plant age in m ont hs 

9 10 11 12 13 14 15 16 17 18 
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case (cf. I.4.1.1.2.). 
Rapid vegetative growth due to high nitrogen nutritive (NIGHT

INGALE, 1942) reduces plant sensitivity to external factors 
that cause floral differentiation. In pineapple, as in other plants, 
there is an opposition between vegetative vigour and floral initia
tion. Consequently, at least under certain conditions, the fact 
that crowns grow more slowly than suckers could explain why, 
at the same age, the former are less receptive to natural stimuli 
that cause floral differentiation than the latter (LACOEUILHE, 
1975a). 

However, it has been well established that, at a given stage of 
growth, plant sensitivity also depends on the type of shoot from 
which it was grown. The lower the bud was on the mother plant, 
i.e. the older it was, the greater its sensitivity. This is true both 
of different shoots on the same stem (GAILLARD, 1934) and 
of suckers, compared with slips and crowns (PY, 1964). Sens
itivity is thus inversely proportional to the rate at which leaves 
are differentiated by the young plant (cf. I.3.3) and could again 
be due to opposition between vegetative and floral development. 

Naturally , genetic factors are also involved and variations in 
behaviour have been observed between Cabezona and Red 
Spanish varieties in Puerto Rico (VAN OVERBECK and CRU
ZADO, 1948a) and between Baronne de Rothschild and 
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Smooth Cayenne in Guinea (PY et al., 1957). 

1.3.4.1.2. - ARTIFICIAL FLOWER INDUCTION. 

After accidental discovery in 1875 (COLLINS, 1960), the 
first artificial flower induction (forcing) of pineapple took place 
in greenhouses in the Azores using smoke (ADAMS, 1935). After 
RODRIGUEZ (1932) had shown that ethylene could be used 
instead of smoke, many studies were made of the subject, which 
was of enormous economic significance. More than a hundred 
publications have appeared to date. 

In the meantime, other methods have been developed and 
what was originally merely a technique that encouraged natural 
flowering has now become so sophisticated that natural flower 
induction factors can be by-passed completely. 

Many different types of products are used, including hydro
carbons and auxin compounds, but when all is said and done they 
all have the same effect as an application of ethylene. This is 
obviously true of ethylene-saturated water (KERNS, 1936) and 
synthetic ethylene generators such as 3-chloroethylphosphonic 
acid or ethephon (COOKE and HANDALL, 1968; PY and 
GUYOT, 1970a), beta hydroxyethylhydrazine (B.O.H.) and 
other hydrazine derivatives (GOWING and LEEFER, 1955-
1961; ABELES, 1973). And it is also true of auxin compounds, 
as BURG and BURG (1966) have shown that after the applica
tion of naphthaleneacetic acid (NAA) (CLARK and KERNS, 
1942) synthesis of endogenous ethylene slowly increases to reach 
a peak after 7 days. This phenomenon, which is characteristic 
of all plants (ABELES, 1973), also explains the effectiveness of 
indolbutyric, indoleacetic (GOWING, G. 1956-1958a)and dichlor
ophenoxyacetic acids (VAN OVERBECK, 1945). 

Acetylene (COLLINS, 1935; KERNS, 1936) may initially 
appear to be different, but in fact this gas mimics the physiolog
ical effects of ethylene, although at a higher concentration 
(ABELES, 1973). The same goes for carbon monoxide (CHON
TON PHAN, 1970), which has been used to induce flowering 
in pineapple in the laboratory (WATANABE and NAKAGAWA, 
1966). 

Artificial flower induction products are all the more effective 
if the ethylene is supplied abruptly to the plant. Thus in certain 
countries, N AA can only be used during periods close to the 
natural flowering season (PY et al., 1957; KEETCH et al., 1975). 
Likewise, when natural conditions are unfavourable, the effec
tiveness of synthetic ethylene producers is clearly linked to the 
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speed of gas production (TEISSON, 1979b) . 
Penetration of the induction agents appears to be extremely 

rapid and to take place near the apex, as it has been shown that 
treatment is most effective when the product is placed in the heart 
of the rosette of leaves (DASS et al ., 1975; TEISSON, 1979b). 

Flower induction treatment is improved by repetition after 
an interval of a few days (PY and TISSEAtJ M .A., 1965; ALDRICH 
and NAKASONE, 1975 ; SOLER, 1982). As is true of natural 
flowering; the phenomenon has quantitative implications and an 
accumulation of favourable stimuli appear to be required to coun
terbalance the strong tendency of the apex to remain in the vege
tative state. Repeating the treatment also has the effect of short
ening the period during which the inflorescences appear : one 
treatment is enough to initiate floral differentiation phenomena, 
but the speed of subsequent development varies from plant to 
plant, and can be increased by additional treatment (PY et al. , 
1957). 

Treatment carried out at night , late in the afternoon, or in the 
early morning is more effective than during the course of the 
day (PY et al., 1957 ; YI LING, 1974; ALDRICH and NAKA
SONE, 1975) . 

Like natural flowering, artificial flower induction is so perturb
ed by rapid growth that for many years nitrogen fertilization was 
stopped some time before induction treatment (PY, 1965a; TIS
SEA U, M.A., 1966). Here too the size of the plant is significant and 
it seems that there is not only a lower limit (LACOEUILHE, 1975 
b) but also an upper limit (PY and TISSEAU M.A., 1965 ;TEISSON, 
1972), above which only natural differentiation can take place 
(PY and GUYOT, 1969) . 

The type of shoot used has the same influence as it does in 
natural flowering, i.e. suckers respond more easily to treatment 
than crowns (PY and TISSEAU M.A., 1965). These differences are 
particularly apparent when the plants are very young (LACOEUI
LHE , 1981) (cf. fig. 31). 

The most effective and invariable induction treatment is achiev
ed using ethylene or acetylene, with repeated treatments at night. 

Flower· induction by ethylene appears to be common to all 
Bromeliaceae (FOSTER, 1953a). In other species it is exceptional, 
although it is reported to have the same effect on plumbago, 
another short-day plant (NITSCH C. , and NITSCH J.P., 1969). 

1.3.4.1.3. BASIC ASPECTS. 
Numerous similarities between natural and artificially induced 

flowering (cf. also 1.4.1.1.2.) indicate that the primary mechanisms 
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young plants as a function of the type of planting material. (Lacoeu i lhe , 1981 ). 

involved in each case are similar, if not identical. However, in arti
ficial induction the effect is more intense, and uniform flowering 
of one population can be achieved. Thus ethylene - either exoge
nous or endogenous - appears to be the causal factor for floral 
differentiation in pineapple and other Bromeliaceae in which natu
ral flowering can be forestalled by the application of an ethylene 
synthesis inhibitor (MEKERS et al. , 1982). The ethylene supplied 
by the induction treatment appears to compensate for natural 
production of this substance by the plant, which is insufficient 
under most natural conditions. Nevertheless, very small quantities 
are effective, as applications of 2-chloroethylphosphonic acid 
corresponding to theoretical quantities of 0.1 to 0.4 mg of ethy
lene per plant can induce flowering (DASS et al., 1975; TEISSON, 
1979b). 

Using ethylene gas, COOPER and REESE (1941) have shown 
that there is a correlation between the effectiveness of the treat
ment, the concentration of ethylene and the length of exposure. 

The presence of at least one leaf appears to be indispensable 
for floral initiation, as initiation is prevented if the plant is com
pletely defoliated immediately before treatment, but not if it is 
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done immediately afterwards (COOPER and REESE, 1941). These 
authors conclude that it is the leaf that provides the floral stim
ulus to the apex. If this is the case, the migration of the stimu
lus is delimited, as forcing of one shoot does not cause flowering 
in another shoot of identical size on the same mother plant 
(TEISSON, 1974; VUILLAUME, 1982). 

GOWING's theory (1956) that flowering is only possible in 
pineapple if the amount of auxin in the apex falls below a certain 
level, which is normally exceeded, is not completely invalidated 
by proof of the significant role played by ethylene. According 
to BURG S.P ., and BURGE.A., (CHON-TON PHAN, 1971) , one 
of the first actions of this gas is to increase auxin catabolism by 
accelerating indolylaceticacid oxidase activity. This effect is said 
to be only one particular aspect of the basic function of ethylene: 
participation in the transport of electrons (CHON-TON PHAN, 
1971). However, more or less direct effects of ethylene on DNA 
and RN.I-\. nave also been considered (ABELES, 1973). 

Studies of IAA oxidase in pineapple have shown that this 
enzyme is potentially extremely ·active, but that there is a power
ful phenolic inhibitor in the apex, which limits its function in 
situ (GORTNER and KENT, 1953-1958). GOWING's hypothe
sis, which, however, has not received conclusive confirmation 
(YOT, 1967), can be compared with observations of the effect 
of geotropism (VAN OVERBECK and CRUZADO, 1948b). 
Reciprocal influences with feedback between auxins and ethy
lene in plants are such (LIEBERMANN, 1979)that at the pres
ent time it is impossible to attribute primary action to one 
compound or the other. 

The effects of water stress, low night temperatures, solar radia
tion (cf. I.4.1.1.2.) and vigorous growth on flowering suggest 
that it may be linked to CAM. It has been known for many 
years that carbon nutrition influences the tendency of the plant 
to flower. In another connection, CO2 , which is a powerful ethy
lene inhibitor (ABELES, 1973), obviously has noteworthy metab
olism in pineapple (cf. I.3.2.).,Thus, GLENNIE (1979a) consid
ered that the depressive effect of high day temperatures on ar
tificial flower induction is due to excessive CO2 in the leaves 
as a result of intense decarboxylation. This is only possible if CO2 
reabsorption is slower than its production (cf. I.3.2.). FRIEND 
and LYDON (1979) did not conclusively demonstrate CAM's 
involvement, but FRIEND (1981) has demonstrated parallelism 
between floral differentiation and the intensity of CAM as a func
tion of the thermoperiod. In another connection, according to 
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VAN OVERBECK and CRUZADO (1948a), auxin activity 
is increased in the presence of malic acid and, most significant 
of all, CONWAY and BARTHOLOMEW (1977) have shown in 
phytotron experiments on thermoperiods that there is a positive 
correlation between the success of artificial flower induction 
and titratable acid in leaves in the morning. 

The same parallelism between flower induction and CAM is 
found in kalanchoe, anoth.er crassulaceous plant; however, this 
does not necessarily imply a cause and effect relation between 
CAM and flowering, but more likely a common initial response to 
climatic conditions, with, in this particular case, detection of 
external signals by the phytochrome (BRULFERT et al. , 1979). 
A similar situation may exist in pineapple. 

On the other hand, CAM can have a direct influence on arti
ficial flower induction via stomatic regulation, when treatment 
is carried out with either ethylene or acetylene. Night opening 
of the stomata, as required by this type of metabolism, can be 
the reason why treatments carried out at night are so much more 
successful than by day, as recognised by all authors (cf. II.10). 
Is may also explain the minimum length - 6 hours - of exposure 
needed, demonstrated by COOPER and REESE (1941) for gas 
ethylene treatment as treatment was probably started during 
the day by these authors. 

1.3.4.2. - Morphological modifications of the apex. 

Morphological modifications of the apex resulting from floral 
differentiation in natural flowering have only been studied by 
KERNS et al. , (1936). By contrast, quite a large number of 
detailed studies have been carried out after artificial flower induct
ion, as here there is a well-defined chronological reference point: 
the day the treatment was carried out. 

Several cases have been described: artificial induction of 
Smooth Cayenne using acetylene in the phytotron (GIFFORD , 
1969) and using 2-chloroethylphosphonic acid in Hawaii (BAR
THOLOMEW, 1977), artifidal induction of Masmerah with 
the same 2 products and with NAA in Singapore (WEE and 
RAO, 1979). 

On the cellular level, the first visible phenomenon is enlar
gement of the nucleii 3 days after treatment, followed, 3 days 
later, by a noticeable increase in cytoplasmic RNA - proof of 
abundant protein synthesis. 

The whole apex rapidly changes shape, increasing both in 
diameter and height, but in fact the increase in diameter is only 
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temporary and it drops to a minimum value when it returns to 
the vegetative state. The first character that can be seen macro
scopically is the conical shape of the apex, and this is a means of 
checking whether induction treatment has been successful, al
though it inevitably implies destruction of the plant (SILVY, 
1954). 

The bracts are initiated at a much faster rate than the leaves, 
and the first of these becomes visible on the 6th or 7th day . As 
a result of morphological modifications and the relative speeds of 
growth of the young tissues, the first bract acquires its typical 
bayonet shape (LACOEUILHE and PY, 1974). The first flower 
generally appears in the axil of the bract and is usually discern
ible around the 10th or 11th day. Under conditions prevailing 
in Hawaii described by BARTHOLOMEW, by the 30th day all 
flowers have been initiated and the apex has returned to the 
vegetative state. The transition stage of return to the vegetative 
state is much longer than the transition to the floral state and 
results in the production of bracts, which become progressively 
more leaf-like over a period of 3 weeks; these subsequently form 
the crown, and are initiated from the 50th day on. 

The kinetics of the different morphological events is variable. 
The transition from the vegetative to the floral state is always 
extremely rapid. It appears to be even more rapid with acetylene 
than with NAA or 2-chloroethylphosphoric acid, which result 
in the progressive production of ethylene, endogenically in the 
case of the former, and exogenically in the case of the latter. The 
growth rate as a function of climatic conditions may also play 
a role, as with identical induction products a change in the gen
eral morphology of the apex is observed from the 2nd da~ on 
in Thailand (WEE and RAO, 1979) but only from the 7th day 
on in Hawaii (BARTHOLOMEW , 1977). 

The same factors can influence the duration of the floral 
stage. When NAA is used, the inflorescences formed have a larger 
number of flowers than with other induction agents. This may be 
due to the persistance of the effect of NAA on endogenous pro
duction of ethylene. In the same way, the crown can easily be 
distinguished much earlier in the Ivory Coast than in Hawaii, 
which could be the result of both a faster growth rate and a 
faster return to the vegetative state by the apex. 

All authors have observed considerable variations in the di
mensions of the apex from one plant to another, but have been 
unable to link them to simple morphological characters of the 
vegetative organs. This is another aspect of flowering in which 
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plants react individually as a function of internal factors that 
have not yet been explained. 

Since differentiation of the floral organs is sequential, flowers 
at the bottom of the inflorescence are never at the same stage of 
development as those at the top. This difference persists right 
up until harvest and represents one of the most significant char
acteristics of the pineapple fruit. 

1.3.4.3. - Determination of the number of fruitlets and fruit 
weight. 

The number of individual flowers differentieted is the main 
factor that determines fruit weight and thus crop yield. 

Since the meristem subsequently returns to the vegetative 
state, the period during which flower primordiums are formed 
is strictly limited. The number of flowers produced can depend 
on the length of this period and on the speed with which they 
are differentiated. 

In the banana, where the situation is comparable, and the 
male flowers succeed the female flowers, GANRY (1980) has 
shown that there are only slight variations in the speed with 
which primordiums are .formed, in contrast with marked varia
tions in the length of the female reproductive phase. 

In the case of pineapple, the speed with which flowers are 
differentiated can be linked to the speed of differentiation of 
the leaves formed just before flower induction (LACOEUILHE, 
1975b}. The speed increases with the age of the plant and conse
quently also with its size, but vigour of growth and hence all 
environmental factors also play a role. The correlation between 
the weight of the fruit and the size of the plant has been recogniz
ed for many years and is extremely significant for agronomists 
(cf. 11.4.). 

The theoretical leaf mass, which involves both the weight and 
the number of leaves, is more closely correlated with fruit weight 
than the weight of the D-leaf (PY et al., 1957; PY and PELLE
GRIN, 1958; PY and LOSSOIS, 1962; SING and RAMESH
WAR, 1976) (fig. 32). 

However, the number of fruitlets is more closely correlated 
with the diameter of the stem than with its weight (LINDFORD, 
1933). This link perhaps not only reflects the correlation with 
plant weight, but also the influence of morphological factors 
(SCHWABE, 1979). 

The length of the flowering stage may depend on the same 
factors. The balance of hormones also plays special role. Thus 
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NAA, which causes more progressive and more durable metabol
ic modifications than other artificial flower induction agents, 
induces the formation of a larger number of fruitlets (TERRY, 
1975). By contrast, too high rates of ethephon result in the 
formation of inflorescences with a reduced number of fruitlets 
(KEETCH et al., 1975; TEISSON, 1979c), although not all 
observations confirm this fact (LACOEUILHE, 1973). 

However, the number of fruitlets only determines one pro
gramme, and the satisfactory functioning of this programme, 
which basically depends on the life of the plant during the fruit 
development stage, then determines the second character that 
influences fruit weight, namely the weight of each fruitlet. This 
in turn depends on climatic, nutritional and parasitic factors. 
A correlation between the weight of the plant and that of the 
fruit is thus only valid in the geographical and climatic location 
in which it was established (COMBRES, 1979 b) . 

1.3.5. - GROWTH AND DEVELOPMENT 
OF THE INFLORESCENCE - PHYSIOLOGY OF THE FRUIT 

1.3.5.1. - General information. 

Progressive stages of development of the inflorescence in the 
heart of the rosette of leaves are shown in fig. 33. Before it emer
ges, a light coloured plateau is visible at the bottom of the en
larging rosette. This is the top of the crown. Approximately at 
this stage pollinic meiosis occurs (SCHWENDIMANN, 1980). 
When the inflorescence starts to appear, it is completely surround-
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ed by deep purple bracts. This is the red heart stage, which is 
followed, 1 to 2 weeks later, by the rose or red bud stage, when 
the inflorescence starts to come out (photo 24). Before this 
stage the presence of the inflorescence can be determined by 
removing a very young leaf from the heart; if the plant is in 
the vegetative stage the leaf margins of the base portion are 
more or less rectilinear, whereas during the development of the 
inflorescence there is a pronounced depression due to pressure 
from the latter. 

The opening of the flowers coincides with anthesis and is 
spread out over a period of 15 days, with flowers opening suc
cessively from the base to the top of the inflorescence. This stage 



Figure 33 • Progressive stages in the development of the inflorescence in the heart of the rosette 
of leaves in the Ivory Coast. Oates are days after day 0. when ft ower induction treatment was 
carried out usi ng ca lcium carbide. 
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is the only one that is easily identified. It is an important phase 
in the development of the inflorescence as it also corresponds 
to the start of crown stem development, which remains undiffer
entiated until this time, and also to the end of the elongation 
of the peduncle (fig. 34). (TEISSON, 1973c); NORMAN, 1980a). 
If the peduncle is too long, the fruit may lodge, with all the 
drawbacks this implies (cf. I.4.1.4 .3). 

Up until anthesis, growth of the fruit is the result of cell 
multiplication and subsequently of a simple increase in cell size 
(OKIMOTO, 1948). When the fruit is mature, the cells are com
pletely distended ; cells volume attains 19.10- 4 mm3 (SINGLE
TON, 1965) and the walls of some cells are close to disintigration, 
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which is the reason for the marked fragility of the fruit flesh. 
The fresh weight growth curve of the inflorescence and the 

fruit is sigmoid (fig. 35) and was compared by SIDERIS and 
KRAUSS (1948) to a curve respresented by the following equa
tion: 

x+ a a 
log -- = log- + Kt 

A-X A 

where a is initial weight and A is final weight. 
The development of a fruit removed from the plant when 

immature in comparison to one left on the plant to ripen is char-
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acterized by the lack of a further increase in sugars (Brix) and a 
decrease in titratable acid (SINGLETON, 1959). Sugars that 
accumulate in the fruit are the result of immediate photosyn
thesis or are drawn from amylaceous reserves in the plant organs. 
The reserves are used mainly as maturity approaches (LACOEUI
LHE, 1979b; TEISSON, 1979e), but ·litle is known about how 
significant a role they play . It appears to be greater in winter 
than in summer (GREEN, 1963) and may thus compensate for a 
reduction in photosynthetic activity (NIGHTINGALE, 1942). 
In Hawaii, where CAM plays a more important role than in the 
Ivory Coast, amylaceous reserves in the stem are larger and appear 
to be tapped earlier (BARTHOLOMEW, 1979). 

The length of the fruit development stage up to fruit matur
ity is determined by the CV used. Smooth Cayenne and in par
ticular Pernambuco have the longest cycles and Red Spanish 
and Queen the shortest, (PY and TISSEAU M.A., 1965). The 
considerable variations in the cycle are due to different climatic 
conditions (cf. I.4 .1.4.1.). 

I.3.5.2. - Physical and chemical modifications just before maturity. 

Slightly before the fruit is ripe, respiration increases regularly 
from 10 to 15 ml of CO2 /kg/h, although without a sudden, cli
macteric change (DULL et al., 1967). This type of respiratory 
evolution can be linked (PRATT, 197 4) to low internal con
centrations of ethylene, which vary from 0.4 to 0.16 ppm (BURG 
S.P., and BURG, E.A., 1962). 

In spite of the absence of a climacteric crisis, two distinct 
stages have been demonstrated in the development of fruit char
acteristics (GORTNER et al., 1967). 

The first stage is definable, approximately 7 weeks before 
fruit harvest, by a low in the concentration of soluble nitrogen and 
flesh pigments and the start of an increase in acids and Brix. The 
rate at which leaves in the crown are formed also starts to slow 
down at this time (cf. fig. 36). 

Four weeks later, the fruit and the whole inflorescence are 
subject to deep-seated physical and biochemical disruptions that 
are very probably the first signs of ripening phenomena. Among 
others, GORTNER (1965) observed in Hawaii the start of caro
tenoid synthesis in the flesh and a breaking down of chloro
phyll in the epidermis that exposes the carotenoids already pre
sent (cf. fig. 37). In the Ivory Coast, PINEAU (1977) observed 
at approximately the same stage a slowing down in the increase in 
fresh weight and an acceleration in the increase in dry weight 
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(cf. fig. 38), which result from a decrease in the supply of water 
and an increase in the supply of synthesized substances. This 
double evolution is confirmed by other phenomena that occur 
more or less simultaneously: an increase in dry matter in the 
flesh and in the refractory index of the juice (cf. fig. 39), along 
with a slowing down in the increase in fruit size. A few days later 
the peduncle dries out and there is an increase in dry matter as 
well as in the refractory index of juice made from the peduncle 
(cf. fig. 40), which confirms the role played by sugar migrsition 
from vegetative organs in the accumulation of Brix in the fruit. 

At exactly the same time, the crown stops differentiating 
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leaves and increasing its weight ( cf. fig. 36) and shortly before 
harvest it enters a state of dormancy. The length of the fruit rip
ening phase could thus at least partly influence the final weight 
of the crown. In the Ivory Coast, where there is only a short inter
val between artificial flower induction treatment and fruit harvest, 
the crowns are very light in weight (cf. I.9.1.4.1.). 

Three weeks before fruit harvest, the inflorescence thus under
goes an important stage in development, but the modifications 
are unfortunately not easy to see with the naked eye. This is also 
the time when black spot ( cf. I.4 .2 .1.3 .1) starts to develop, at least 
in Smooth Cayenne CVs (MOURICHON, 1982). 

Although not apparently.directly linked , other fruit characters 
undergo marked changes as harvest approaches. There is a clear 
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peak in acid content shortly before the ideal harvest time (cf. 
fig. 41) (HUET, 1958; SINGLETON and GORTNER, 1965; 
PINEAU, 1977). Thus, the two most important factors that deter
mine fruit quality, sugar and acid content, change considerably 
and inversely with one another just before harvest, and the decision 
when to harvest has a notable influence on fruit quality. Proteo
lytic activity (GORTNER and SINGLETON, 1965) and the as
corbic acid (PINEAU, 1977) in the juice decrease abruptly as the 
ripening process ends. 

The size of the locules (cf. 1.3.1.5.1.) is progressively reduced, 
which determines whether or not the fruit is satisfactorily filled, 
and the riper the fruit is. the better the filling. The pockets of 
air between the cells, which give the flesh its opaque appearance 
and a density of less than 1 (SINGLETON, 1965), only disappear 
very late, when lesion of the cell walls has occurred. At this point 
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the flesh becomes translucent (BOWDEN, 1969). 
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Simultaneously, colouring of the epidermis proceeds from the 
bottom quarter of the fruit to the top. The quantity of air in the 
intercellular spaces, and to an even greater extent in the locules, 
decreases from approximately 10 to 6 % of fruit volume (TEIS
SON, 1976). 

HUET (1972) has shown that unripe pineapples are generally 
much poorer in volatile aromatic compounds than ripe pineapples. 
However, the difference between fruits whose shells are in the 
process of changing colour and fruits whose shells have already 
turned completely yellow is not distinct,and considerable variations 
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exist for any given shell colour both in the concentration of a 
given volatile compound and in the ratio of the concentration 
of different compounds. Consequently, the development of volatile 
compounds during the last stages of ripening cannot be used as an 
accurate way of determining the degree of ripeness of the fruit . 

1.3.5.3. - Effects of artificial flower induction agents and other 
growth regulators. 

The chemical composition of artificial flower induction 
products may have particular effects on the development of the 
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inflorescence. 
Due to the way it works (cf. 1.3.4 .1.2.), NAA results in slower 

development and later harvesting of fruits than acetylene or 
ethylene. It also results in more conical fruits, especially when 
plants are treated during active growth (PY and TISSEAU Renee, 
1965 ). It many also cause excessive elongation of the peduncle 
(PY et al. , 1957). 

2-4-D results is a later harvest than N AA (HUSSAIN et al., 
1973). 

2-chloroethylphosphonic acid often produces small fruits with 
large crowns (GONZALES et al., 1975 ; TEISSON, 1979). 

As of 1943, CLARK and KERNS showed that when NAA is 
applied a few weeks after floral differentiation it causes a delay 
in ripening, the same as when used for artificial flower induction. 
Later MEHRLICH (1950), then GORTNER (1969) showed 
that beta-naphthylacetic acid and 2-4-5trichlorophenoxyacetic 
acid have exactly the same effect. GOR TNER and LEEPER 
(1969), studying the effects of treatments after harvesting, showed 
that many compounds, particularly phenoxyacetic and phenoxy
a-propionic acid derivatives, delay fruit development. 

Of these different compounds, NAA or its sodium salt (SNA) 
(POIGNANT, 1969a) and 2-3-chlorophenoxypropionic acid 
(DALLDORF, 1978b) have been studied most, as when they are 
applied to the fruit during development, there is sometimes a 
spectacular increase in fruit weight. This is due to better filling, 
particularly at the top of the fruit, which is perhaps linked to a 
delay in ripening and consequently the condinued accumulation of 
metabolites, but the fact that the most effective results are ob
tained with early applications suggests that other phenomena 
are involved. 

SNA improves fruit translucence, increases the diameter of 
the peduncle and decreases the diameter of the core. 

Certain risks are involved in the use of these compounds. 
They tend to affect fruit quality by reducing Brix. In addition, 
2-3-chlorophenoxypropionic acid can cause a reduction in acid 
content and partial alteration of the crown. 

Applications of exogenous ethylene do not alter the intensity 
of fruit respiration (DULL et al., 1967), but have a marked effect 
on shell colouring (AUDINAY, 1970), to such an extent that 
the effect is utilized in agricultural practice (cf. II.11.2.2.). 
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1.3.5.4. - Criteria for judging ripeness. 

The criteria used for judging ripeness - whether chemical 
(Brix, acid content, pigmentation) or physical (firmness due to 
the condition of the cell walls, translucence, filling) - play dif
ferent roles, depending on whether the fruit is intended for can
ning or for the fresh fruit market, and on technical and econo
mic factors (cf. II.11.). The criteria themselves are influenced, 
and the links between them are modified, by different climatic, 
nutritional and parasitic factors ( cf. 1.4.1.4.) and other individual 
factors. For example, the bigger the pineapple, the later external 
colouring occurs in comparison with internal characters, but 
climatic conditions also play an important role in this relation
ship (cf. 1.4.1.4.1.). 

Consequently, the decision as to exactly when the fruits are 
to be harvested is critical, all the more so since the pineapple is 
a compound fruit and the top is always at a later stage of develop
ment than the bottom. Thus, harvesting time can never be per
fect for the fruit as a whole. 

The most practical criterion for judging ripeness is external 
colour, which progresses from the base of the fruit upwards. The 
stage colouring has reached is generally used to define the degree 
of ripeness (photo 26 ). Earlier stages are defined by counting 
the number of fruitlets whose chlorophyll pigmentation has 
started to disappear. 

In certain cases the degree of ripeness is judged by knocking 
with the finger against the fruit; the sound it makes indicates 
whether or not filling is complete (HUANG YUNG CHAN et al. , 
1960). 

SMITH (1984) has shown that under conditions in Australia, 
the best criterion for determining the optimum harvest date 
is calculating fruit density with respect to flowering, as this is 
not only independant of climatic conditions, but also reflects 
sugar content and filling. 

Finally, when natural conditions have an overly disturbing 
influence on the colouring of the shell (certain localities in Cam
eroon), it many be necessary to judge ripeness by the withering 
of the peduncle that acompanies the process (cf. 1.3.5.2.). 

1.3.5.5. - Post harvest fruit physiology. 
Pineapple fruits are sensitive to fluctuations in temperature, 
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which makes refrigeration necessary even for short periods of 
storage. The aim of refrigeration should not be to prolong the 
storage period after the ripening process is completed, but simply 
to keep. harvested fruits in prime condition for a limited period 
of time. 

SINGLETON (1957) has studied the effect of different tem
peratures. At a temperature of below 18°C, the development of 
external colouring is slowed down considerably ; at 7°C it is 
practically nil. The degree of Brix in the fruit decreases in all 
cases, but the higher the temperatures, the facter this will occur. 

Below 24°C, titratable acidity increases. The acidification of 
refrigerated pineapples is a well-known phenomenon (HUET and 
TISSEAU, Renee, 1959). At low temperatures , the synthesis of 
organic acids is greater than respiratory consumption of them. 

Acidification of refrigerated fruits can cause problems in 
connection with flavour, especially if acidity is already high when 
the fruit is harvested (CROCHON et al., 1981). Coating the fruit 
with food preserving wax limits acidification, particularly that 
of citric acid (TISSEAU Renee and SOLER, 1982; PAULL and 
ROHRBACH, 1982 (cf. III.1.1.1.2); respiratory phenomena are 
thus involved in the synthesis of organic acids. When the fruit is on 
the plant, synthesis must also take place in the area near the 
epidermis, as can be seen by the acidity gradient of the flesh. 

Too low temperatures ( 4 ° C) prevent satisfactory colouring of 
the shell and also cause a translucent, greyish layer of flesh to 
appear under the shell. Thus> the most satisfactory temperature 
for the storage of pineapple is between 7 and 10°C (GINS-• BURG, 1953; PY e_t al. , 1957). After 2 weeks of storage at 
between 7.5 and 12.5°C, pineapple fruits maintain their satisfact
ory appearance for another week (AKIMINE, 1963). 

Refrigeration can result in alteration of the flesh, i.e. internal 
browning (cf. I.4.1.4.3.) . 

Storage in a controlled atmosphere, i.e. reduced oxygen and/ 
or increased CO2 is of little practical interest (DULL et al. , 1967) 
other than for the prevention of internal browning, and results 
in unacceptable modifications in fruit flavour (TEISSON, 1977). 





1.4. - ECOLOGY. 

1.4.1. - THE PLANT AND THE PHYSICAL ENVIRONMENT. 

1.4.1.1. - The plant and the climate. 

A rapid examination of world distribution of pineapple shows 
that temperature is the main factor limiting extension of the 
production zone. Ananas comosus is a pan-tropical plant that 
cannot tolerate prolonged frost. The distribution area is roughly 
delimited by the tropics of Cancer and Capricorn, avoiding regions 
within these limits that are too mountainous and too cold, as well 
as desert areas that are too dry and sunny (*). Within this zone, 
the main characteristic of pineapple is its adaptation to much 
lower rainfall than many other commercially grown species. 
For this reason, pineapple can be an attractive crop for the de
veJopment o~ poor or underdevel?ped areas of the tropics with 
a semi-arid climate (MARZOLA and BARTHOLOMEW, 1979). 

It is difficult to dissociate the effect of different climatic 
factors in nature. Basically only studies made in a controlled 
environment provide the necessary information, but the results 
are not always easy to apply in agronomical practice, as all the 
factors interact simultaneously. In the case of pineapple, mat
ters are further complicated by CAM. 

In fact, with this type of metabolism, any behaviour observed 
at any given moment under given conditions is only one of the 
several possibilities offered by CAM (BRULFERT et al., 1979) , 
which is the result of the coexistence and superimposition of 
groups of oscillatory behaviours. At first sight, these behaviours 
appear to have quite different characteristics and origins and 
apparently cannot be ascribed to the same causes (QUEIROZ, 
1090). Recent studies have shown the progressive modification 
of regulatory mechanisms involved in CAM. The conditions that 
have previously governed the plant continue to influence its 
subsequent behaviour, which consequently appears complex and 
difficult to schematize. As a result, inducing another behabiour 

(*) - Climatology of the main pineapple producing regions is shown in fig . 4. 
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or predicting plant reactions to modifications imposed is very 
awkward. In addition, since photosynthetic yields are different 
for mesophytic and crassulaceaen metabolism , it is exceptionally 
difficult in predict accurately the production of dry matter, 
for example. Thus, for the present at least, observation is the 
only option. 

To demonstrate the influence of climate on the main agricul
tural parameters, a series of trials are cited that were carried out 
using a local variety of «Smooth Cayenne » at the foot of Mount 
Cameroon (AUBERT et al. , 1973). The main results are given in 
table 12 . Annual rainfall and monthly distribution are more or 
less invariable. Basically only temperature and solar radiation 
vary. 

In Martinique PY (1963a) obtained similar results at the 
foot of the «Montagne Pelee». Between the altitudes of 50 and 
380 m, ieaf mass at flower initiation increases two and a half 
times , all cultivation methods being identical. The average weight 
of the fruits increases by 58%. 

Nevertheless, it is possible to attempt to assess the agronomic 
potential of different climatic zones by comparing the behaviour 
of pineapple in different regions of the world with experimental 
results. 

A technique has been developed for this purpose (NIELD 
and BOSHELL, 1976) taking into account monthly temperature 
and rainfall characteristics. It is mainly applicable to « Smooth 
Cayenne» fruits destined for canning. 

1.4.1.1.1. EFFECT OF CLIMATE ON VEGETATIVE GROWTH. 

I.4.1 .1.1.1. - Temperature. 

Depending on the mean temperature of the locality con
cerned, the plant phenotype can develop such variations in ap
pearance that people believe different CVs are involved. 

TABLE 12. Effects of climate on main cult ivatio n characteristics. 

Locali t y Ti ko M ol yko Buea 

Al t i tude 0 550 m 1 000 m 

Max. Temp. ( · c) 30. 2 27 . 6 25.0 
M i n . Temp. (• C) 22. 3 17 . 7 14. 9 
Rainfall ( mm) 2 675 2 780 2 600 
Sol a r radiation (h) l 575 1 290 850 

Planting-harvest ( months) 15 16 17 
Flower induc ti on-harvest ( months) 5 6 7 
Fruit weight (g) 2 740 2 420 1 620 
Ac idity (m . e ·.q.) 8.1 10. 8 16 . 9 
T. S.S . (• Brix) 13 . 6 14.4 13. 9 
% of p l ants having a s hoot a t fruit harvest 17 27 69 
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Figure 43 • Effects of temperature on leaf 
and root elongation (SANFORD, 1962). 

In regions that are consistently hot and humid (low altitude 
regions near the equator), leaf mass is considerable and even 
luxuriant. Leaves are broad, numerous and often flaccid. The 
margins of the leaf blades are sometimes undulated during early 
stages of growth. 

In higher altitude zones in the same regions, temperatures 
are lower and growth slower, leaves are straighter, more rigid, 
shorter and fewer in number. 

Between these two extremes there is a whole range of inter
mediate variations. 

The rate at which leaves appear is also influenced by tempera
ture. According to SHIROMA (1972), the number of leaves 
(N) to appear in one month is linked, under the experimental 
conditions cited, to the mean monthly temperature (T) by the 
relation: 

N = 18.125 x log1 0 T/11.669 

The effect of temperature on growth in pineapple is often 
seen in curves cited by SANFORD (1962) showing leaf and root 
elongation (cf. fig. 43) with optima situated at approximately 
29 and • 32°C, respectively. But these two criteria do not satis
factorily correspond to the speed of production of dry matter, 
which also depends on the thermoperiod (cf. table 13). 

Under controlled conditions, adaptation to a thermoperiod 
takes several days (CONNELLY, 1972) and studies of this type 
have to be continued for a sufficient period of time. Under natural 
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TABLE 13 . Effects of thermoperiod on leaf elongation and total plant dry matter production of Smooth 
Cayenne (BARTHOLOMEW and KADZIMIN, 1977). 

Day/night Ave rage Leaf e l ongation rate Total dry weight at 8 

129 

te mperature ( ° C) te mperature ( ° C) as % of maximum months as % of maximum 

30/26 28 JOO J OO 
30/30 30 78. J 48 . 2 
26/22 24 63 . 9 89 . 5 
22/22 22 6J . 9 75 . 5 
28/18 20 47.7 80.8 

conditions, it is the thermoperiod of the leaf that counts. This 
depends on the habit of the C.V. (AUBERT and BARTHOLO
MEW, 1967), net radiation and wind. To this must be added the 
thermal inertia of succulent leaf tissues and the low thermal 
regulation of the leaf. 

During the course of the day, the surface temperature of the 
blade is considerably higher than inside the plant cover, which, 
in turn, differs from the screened air temperature. In addition, 
the morphology of the plant results in a temperature gradient 
that varies considerably along the length of the leaf. 

These differences in temperature are big enough for marked 
differences in enzymatic reactions to be expected (AUBERT 
and BARTHOLOMEW, 1973). 

During the course of the night, on the other hand, the tem
perature of the blade is lower than that of the air, and energy 
loss through radiation depends on the soil cover, which varies 
considerably with the age of the plant (cf. fig . 62, 1.5.). 

In Japan, at low temperatures, covering the soil with black 
plastic mulch, which raised the temperature of the soil, had 
a more favourable effect on growth than a greenhouse (OGU
RA et al., 1968). Experiments carried out by IRF A produced 
the same results in the Paris region of France (PELEGRIN, 1960). 

The same is true even in areas where much greater quantities 
of pineapple are grown. In Hawaii (EKERN, 1967) raising the 
mean temperature of the soil by covering it with plastic mulch 
resulted in an increase in growth that can be fitted to the equation 
of the curve cited by SANFORD (1962) : 

log(m/m
0

) = 0.075. T-2,2 

where m and m 0 are the plant mass at times o and t. 
The effect of a soil cover is quite complex (cf. fig. 44) and 

depends on the colour of the plastic used (PY and TISSEAU, 
M.,..A., 1965 ). 
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Figure 44 • Variations in soi l temperature at different 
depths during the course of one day with and without 
plastic mulch (Martinique, altitude 350m). 

RAVOOF (1973), using a nutritive solution, studied over a 
period of 40 days the effects of root temperature and nitrogen
type on growth, and the absorption and metabolism of mineral 
elements in slips that had been previously rooted in distilled 
water for a period of 4 weeks. 

At 15° C, plants undergo limited weight loss. Up to 30°C, 
growth increases less than proportionally to temperature (cf. 
fig. 45). Dry matter content decreases from 16.5 to 12% between 
15 and 30°C. The ratio between different parts of the plant is 
modified (cf. fig. 46) . A temperature of 20°C is sufficient for 
absorption of mineral elements, but not for migration of metab
olites. 

Soil temperature appears to be primarily responsible for the 
reduction in growth in winter (November to April) in Hawaii. 



200 

Ol 

C 

.., 
.L 
Ol 
CJ 

~ 
.L 
(/) 

~ 
LL 

150 

100 

p 
, 

I 
rl 

/ 
/; 

50 f 

0 

ECOLOGY 131 

,,D SN 
/ OAN 

// 
./· 

I 
I 

.. -/ 
// 

,,-// 
,O' / 

,/ / 
,/ JJ 

. I 

I 
/ I 

I 
I 

I 

AN = Ammonium nitrate 

SN = Sod ium nitrate 

AS = Ammonium sulphate 

AS 

Temperature· in •c 
-20.L----------~------------_;_ ____ ..,....... __ _. 

15 20 25 30 

Figure 45 • Effects of root temperature and type of nitrogen on the increase in 
plant fresh weight (RAVOOF, 1973 ). 



132 

85 .c 

80 

75 

15 

10 

5 

a, 

·~ 

co 
§ 
0 
;;.!! 

V) 

<1l 

15 

THE PLANT AND THE ENVIRONMENT 

~ 
~ 

"' - ---------~ SN 
--O AN 

_.---a SN 

ROOTS ------ ----

,,o- --- --- - -- - - --~~- - ----- -- - - - -OAN 

/, ------, , , , , :::::=-a---
, ~ 
~ 

20 25 

AS 

Temperature in •c 

30 

Figure 46 • Effects of root temperature and type of nitrogen on the root s: 
stem : lea ves ratio ( RAVOOF, 1973 ). 



ECOLOGY 133 

There is a similar seasonal effect in Martinique, although the soil 
temperature is higher in winter (25°C, as opposed to 21 °C in 
Wahiawa, Hawaii). In low-altitude zones near the equator, growth 
is obviously much more regular throughout the year. 

The suitability of a particular region for the cultivation of 
pineapple is generally a question of how closely temperatures 
approach those considered to be optimum, i.e. 30°C maximum 
and 20° C minimum for the entire cycle (NIELD and BOSHELL, 
those found in Hawaii, are not actually found in the main pine
apple producing regions. As far as vegetative growth is concerned 
(cf. also chapter I.4.1.4 .1.: Fruit Quality), differences in thermo
period are reflected in extreme variations in the length of the 
growth cycle. To cite on example: using the same intensive culti
vation techniques, crowns are treated for artificial flower induc
tion at 10 months in the Ivory Coast and Martinique, and at 24 
months in East London, South Africa. 

In the extreme, pineapple can be cultivated in areas where 
there is a slight risk of occasional frost (Queensland, South Afri
ca). The night temperature of the leaves, which is lower than 
that of the air, can drop below 0°C for a short period of time. In 
these conditions, «Queen» CVs should be used in preference to 
«Smooth Cayenne». 

1.4.1.1.1.2. - Rainfall and water. 

Pineapple can be grown in areas with rainfall that varies from 
600 mm/year, with a dry season lasting several months, to 3 500 
mm or 4 ,000 mm/year. The adaptability of the plant to different 
regimes is quite remarkable, but in fact its capacity to survive 
pronounced and prolonged water stress is generally emphasized. 
In Hawaii, high yields are obtained with pan evaporation of 
1,850 mm/year, and annual rainfall of only 1,000 mm/year 
(BARTHOLOMEW and KADZIMIN, 1977). 

The development of symptoms caused by drought is very 
gradual. In the field, the areas where water retention is lowest 
are affected first. The tissues of the youngest roots are damaged. 
The leaves become pale green, then yellow and finally red; they 
loose turgidity. The margins of the leaf blades curl downwards 
over the underside. However it is important not to confuse these 
symptoms with sudden wilting due to mealy bugs (PY et al., 
1957). 

Excessive supplies of water cause similar symptoms, apart 
from loss of turgidity. Asphyxiation of the roots leads to short 
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leaves, which are, by contrast, extremely erect. 
The reaction of the plant to the two extremes, water deficit 

and water excess, accentuates the importance of root physiology. 
Well before the appearance of these symptoms, these is already 
a reduction in width in the young leaves (PY, 1969b) 2 to 3 
months before they become adult (D) and the weight of succes
sive D-leaves is obviously reduced. The increase in length remains 
normal. At a more advanced stage of drought there is no longer 
any increase in leaf with time. At an even more advanced stage 
there is a reduction in width, followed by a reduction in weight 
and even in length. The rate at which leaves emerge is reduced 
and eventually stops altogether. 

After several months of drought, growth stops. On the slopes 
of Lower Guinea, the plant loses 3 to 3 1/2 months of «vegeta
tion» during the 5-month dry season, in comparison with plants 
with a normal water supply (PY, 1965b). 

As soon as the plant receives a normal supply of water, the 
stem, which is well protected, ta1rns up normal activity again 
relatively rapidly. A few of the oldest leaves may have dried out 
completely, but the youngest leaves are rehydrated and regain 
turgidity. The width of leaves that had not fully grown now 
increases, and later an enlarged portion with spines can be seen 
along the first few centimeters of the leaf margins immediately 
after a constriction that corresponds to the period of drought 
(straight leaf with a more accentuated crescent shape in cross 
section). The same character can occur in leaves that have under
gone a period of reduced growth, because the shoot was removed 
from the plant, or after herbicide treatment, or any other factor 
that has a similar effect. 

In contrast mesophytic plants, these outward signs of growth 
and of the phenotype express a wide ra nge of variations in the 
behaviour of the plant (COMBRES, 1979c). When the water 
deficit passes a certain threshold strict closure of the stomata 
occurs during the daytime irrespective of temperature. With a 
further increase in the water deficit, night closure of the stomata 
also occurs, thus reducing CO2 absorption. The plant then recy
cles endogenous CO2 resulting from reduced cellular respira
tion; dew collected by the leaves represents a minimum water 
supply. The life of the plant is reduced to the minimum for 
surviva. 

On the other hand, as soon as water supplies return to normal, 
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mesophytic function plays a leading role and increased photo
synthetic yield gives the impression the plant is making up for 
lost time. 

Adaptation to water regimes that are so extreme as to be 
incompatible with life in the majority of cultivated species is 
thus added to the other drought-resistant capacities, i.e. reducing 
transpiration by nighttime fixation of C62 , water storage in leaf 
tissue, and optimum utilisation of slight rainfall and dew, thanks 
to plant morphology. As a result, water is used extremely effi
ciently by pineapple : 50 to 60 g of water are required for the 
production of 1 g of dry matter (SIDERIS and KRAUSS, 1928; 
JOSHI et al., 1965; NEALES et al., 1968) as opposed to 200 g 
as required by mesophytic plants . 

Irrespective of how efficiently the plant uses its water sup
ply , growth and agronomic productivity depend on satisfying 
its requirements , which are for the most part assured by the 
roots. When soil water pressure reaches 15 bars (LINDFORD, 
1934a), root elongation stops and root tips become suberized. 
A water deficit reduces the number and average length of the · 
roots (KADMIZIN, 1975). Growth may be renewed when the 
soil again becomes moist, but the root is spindly and fragile. 
A more prolonged drought can lead to the death of the plant, 
but before this stage is reached, the plant can switch to the a
bove-mentioned survival regime until conditions become more 
favourable for the development of new root primordiums on the 
stem. 

Well within these extremes, according to COMBRES (1979c), 
growth is reduced when water pressure in the soil is less than 
0.15 bars at a depth of 15 cm. This value should be considered 
to be a warning sign of the possible need for irrigation. 

Limited water consumption by the plant and the shallowness 
of the root volume means soil water loss through evaporation 
is particularly significant. It is very common to observe moist 
soil under the cover of the plants, with uncovered soil in the 
immediate vicinity completely dried out. Evapotranspiration 
decreases with an increase in leaf coverage of the soil in spite 
of an increase in foliar transpiration area with the age of the plant 
(EKERN, 1965). Covering the soil with plastic mulch is conse
quently an effective way of reducing water loss and maintaining 
the humidity of the superficial layer of soil penetrated by the 
roots until the surface of the soil is sufficiently protected by 
plant foliage.In comparison with uncovered soil, the average evapo
transpiration of plants aged from 2 to 6 months is reduced from 
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2.1 mm/day to 1.65 mm/day when evaporation is 4.1 mm/day. 
Under Hawaiian conditions, the use of plastic mulch throughout 
the whole cycle reduces evapotranspiration from one fifth to one 
third of class A pan evaporation (EKERN, 1967). 

Comparison with class A pan evaporation is difficult for 
the assessment of pineapple requirements, but the same can be 
said for potential evapotranspiration, as reaction to climatic de
mands is different. The RET/PET ratio is higher (0.65) after heavy 
rainfall than during periods of considerable water stress (0.5) 
(COMBRES and PERRIER, 1976). Rainfall and irrigation increase 
water consumption by favouring partial daytime opening of the 
stomata, whereas a water deficit increases stomata! resistance, to 
equal that of cover. These differences in behaviour can be magni
fied by potassium nutrition (COMBRES and PERRIER, 1976 ). 

Nevertheless, under conditions that favour CAM, stomata! 
resistance is high (cf. 1.3.1.2.) and radiation is the main cause of 
evapotranspiration. Thus : 

MET= a~ nR (PRIESLEY-TAYLOR, 1972, 
S'+ Y -COMBRES, 1981) 

where MET = maximum evapotranspiration 
nR = net radiation, which can be determined locally on the 

basis of global radiation 
S' = slope of curve of saturated water vapour pressure as a 

versus temperature 
y = psychrometric constant 

These relationships depend on local radiation influenced by 
atmospheric humidity, nebulosity and cloud temperature. On 
the other hand, temperature variation influences the value~ and 
CAM. 

As an example, coefficient o< has the following values: 
0.4 in Japan, with evapotranspiration of from 1.3 mm/day in 

cloudy weather to 2.1 mm/day in sunny weather; 
- 0.7 in central Ivory Coast, with evapotranspiration of from 8 

to 4.00 mm/day (COMBRES and PERRIER, 1976). 
A homogeneous climatic zone may be suitable for the cultiva

tion of pineapple if minimum monthly rainfall ranges from 80 to 
100 mm. Although it is sometimes true that pineapple can adapt 
to relatively arid climates thanks to its limited water requirements, 
frequent rainfall is one of the most important means of maintain
ing an adequate level of moisture in the layer of soil explored 
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by the rather shallow roots of the pineapple, which are sensitive 
to both a deficit and an excess of water. For this reason, agro
nomic techniques (land improvement, management and prepara
tion of the soil, irrigation, pest control , etc.) play an important 
role in water efficiency by ensuring optimum root activity through 
the most appropriate form of soil water management. In this 
respect, the earliest stage of growth is the most critical, as water 
loss through evaporation is highest just when the root system is 
developing. 

I.4 .1.1.1 .3. - Light intensity - Photoperiod. 

Like all other factors, light intensity effects the phenotype 
of the plant; when it is weak, the leaves are long, erect and dark 
green in colour. On the other hand, when light intensity is too 
great , the foliage turns yellow or varying shades of red . Under 
these conditions, artificial shading (COMBRES, 1976) or natural 
shading using papayas (VUILLAUME and BOURDEAUT, 1979), 
coconut palmas, hevea or other plants can be useful as an aid to 
normal colouring and regular plant growth. 

Radiation probably modifies other ecological factors more 
than any other element. In the case of pineapple, the effect of 
radiation is magnified by the unsatisfactory thermal regulation 
of the foliage (cf. CAM). The more or less erect habit of the plant 
affects the amount of energy received and the temperatures 
reached by the foliage (AUBERT, 1973) and thermal gradients 
are observed between different parts of the plant. In their natural 
environment, species of the Ananas genus are rarely encountered . 
in very sunny situations but are frequently seen growing under 
light plant cover on the outskirts of forests . 

SIDERIS et al. (1936) were the first to demonstrate the 
influence of sunlight on yield. With 33, 50, 60 and 100% light 
intensity in Wahiawa (Hawaii) from 10 months after planting on, 
fruit weight was 60, 71, 74 and 100% respectively. According 
to SANFORD (1962), each 20% reduction in sunlight reduces 
the yield by 10%. However, under Hawaiian conditions, 25% 
shading did not modify growth, which was not affected until 
the coefficient reached 50% (CONNELLY, 1969). 

Under their experimental conditions (11.5 daylight hours out 
of 24, day-night temperatures of 30 to 26.5°C), NOSE et al. 
(1977) reported that with CAM, CO2 absorption increases with an 
increase in light intensity and results in the production of more 
dry metter. The production of dry matter appears to be limited 
by light intensity of less than 30 klux. Similar results were obtain
ed by FRIEND and LYDON (1979) by increasing the photo-
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period with an active photosynthetic intensity of 22 klux at a 
constant temperature of 25°C over a long period of time (692 
days) (cf. fig. 47). 

The practical application of these results is still difficult. 
Although light intensity influences the CO2 balance, it has an indi
rect effect on metabolism, i.e. via its effect on the temperature at 
which enzymatic reactions take place. As far as the photoperiod is 
concerned, its influence on metabolic rhythm has not yet been 
clarified, and the implications involved are even more difficult 
to assess. 

However, it has been established (NIGHTINGALE, 1942) 
that, by modifying the intensity of photosynthesis, light and 
photoperiod both influence the glucide/nitrates ratio in the leaf, 
which is one of the criteria used to judge nitrogen requirements 
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in Hawaii. Sunlight is an indispensable factor in satisfactory 
plant nutrition. 

1.4.1.1.1.4.- Wind. 

When the plant cover is sufficient, wind has little effect on 
evapotranspiration, due to high stomata! resistance. However, 
an extremely dry wind like the «Norte» in Mexico or the «Har
mattan» in the Ivory Coast and Upper Volta can lead to leaf 
tip drying. 

During the day, when the stomata are closed, the wind has a 
marked influence on thermal exchanges within the plant cover. 
In this case, it is the main factor influencing thermal regulation. 
It is interesting to note that several important pineapple produc
ing regions are affected by sea winds. However, the wind can 
have a harmful effect on vapour-spray pesticide treatments if 
the plant cover does not provide adequate wind resistance. 

Damage can occur to the plant when wind causes the leaves 
to rub against one another, which provides access for Cerato
cystis, although the consequences are rarely serious. In areas 
near the sea, bums caused by spindrift may be encountered 
even at considerable distances from the coast (SIDERIS, 1955). 
The symptoms are blackish spots near the tips of the leaves. 

Although pineapple is quite resistant to wind, NIGHTIN
GALE (1942) observed that wind over a prolonged period, even if 
moderate, can reduce the size of the plant by 25%. Neverthe
less, the use of windbreaks is only rarely justified. 

Violent winds caused by cyclones, which occur frequently 
in some tropical regions, cause breakup of leaves, peduncles and 
roots. The amount of damage varies with the age of the plant 
and appears to be particularly high when flower induction is 
approaching. The cyclone David, which hit Martinique in 1979 
with winds of 220 km/h, caused an estimated 1 7% decrease 
in yield for all pineapple plantations as a whole. 

1.4.1.1.1.5. - Other factors. 

The exposure of the field can also affect some of the factors 
mentioned above. In hot, low areas near the sea, slopes with 
western exposure are sensitive to excessively high temperatures 
and too much sunlight during the afternoon, due to the reflec
tion of the sun on the surface of the sea. Northern exposure 
in cool areas can magnify the risk of low temperatures. 

Altitude can also have many different effects. The overall 
outcome depends on the particular situation ( cf. Cameroon 
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for example). 
Other natural risks are notable for the damage they · can 

cause. Their effects are easy to recognise, provided one is aware of 
their occurrence, i.e. hail, lighning and fire; but under normal 
circumstances these only occur very rarely. 

I.4.1.1.2. - THE CLIMATE - DEVELOPMENT AND GROWTH 
OF SHOOTS. 

The environment can affect the two stages of development in 
shoots: the end of dormancy in the axillary meristem and the 
subsequent growth of the young plant thus formed. 

The appearance of shoots is promoted by cool temperatures 
(COLLINS, 1960) and by altitude (PY and GAILLARD, 1971). 
Their influence is particularly noticeable in an equatorial region 
such as Cameroon, where going from an altitude of O to 1,000 m, 
the percentage of «Smooth Cayenne» plants with visible suckers 
1 1/2 months after fruit harvest increases from approximately 
20% to more than 70% (AUBERT et al., 1973) . At higher alti
tudes the shoots grow much lower down the stem. Slips are sub
ject to the same influence, and under the same conditions, the 
mean number of slips per plant can increase from 0.2 to 1.2. 

Marked variations also occur during the course of the year. 
PY (1962) observed in Guinea, also on «Smooth Cayenne» C.V .s, 
an average of 2.9 slips per plant when floral differentiation occur
red during a cloudy, cool and humid period and an average of 
0.6 when it took place during a very sunny, hot and humid period. 
Thus the end of dormancy in axillary buds in predetermined by 
floral differentiation of the mother plant. Vigorous growth of the 
plant at this particular time appears to bein opposed to the de
velopment of shoots. 

An increase in the photoperiod appears to increase the number 
of shoots formed (McCLELLAND, 1928). 

Subsequently the climate affects the growth of suckers in the 
same way as it does the mother plant, and all factors favourable 
to photosynthesis improve growth . Thus, in Cameroon, slips that 
develop at sea level are larger at the same age than those that 
develop at higher altitudes, though fewer in number (AUBERT 
et al., 1973); when light intensity is low, an increase in the light 
that reaches the shoots increases their growth (COMBRES, 1978). 
On the other hand, an increase in planting density leads to a 
reduction in the number of suckers and even more so in the numb
er of slips produced (TRETO et al., 1974; LACOEUILHE, 1974 
b). 
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Given that suckers generally depend on the mother plant 
root system and that this system is less efficient than when the 
plant was younger, the effects of a water deficit can be extremely 
serious. At low altitudes in a hot and humid equatorial environ
ment, shoots can grow fast. However, considering the population 
as a whole, the backwardness of certain plants, due to a late 
start, is so marked that a situation of this type is less favourable 
for a ra,toon crop than at a locality where temperatures are lower, 
particularly as in a cooler climate suckers emerge further down 
the stem and are consequently less likely to break off (cf. II.12.). 

I.4.1.1.3. - FLORAL DIFFERENTIATION AND CLIMATE. 

I. 4.1.1. 3.1. - Natural floral differentiation. 

Pineapple is a nyctiperiodic plant : flowering, which is indu 
ced by short days and long nights, can be prevented by a lengthen
ing of the diurnal phase or by a temporary interruption of the 
nocturnal phase (GOWING, 1958-1961). There is no threshold 
in the duration of the nyctiperiod, and the longer it is, the earlier 
flowering will be. Differentiation thus depends on the quanta
tive effect of an accumulation of short days ( FRIEND and LY
OON, 1979). 

Three other factors are considered likely to trigger flower 
induction, but much less effectively than the nyctiperiod : 
- low temperatures (NIGHTINGALE, 1942; VAN OVERBECK 
and CRUZADO, 1948a; YOW, 1959); 
- reduction in total radiation (PY, 1968a; AUBERT, 1977). 
particularly at latitudes with little variation in the photoperiod 
(Ivory Coast, TEISSON, 1972) ; 
- extremes in water supply, whether drought (CHANDLER, 
1958) or an excess of water (PY, 1964; TAY, 1974b). 

According to GOWING (1961), low temperatures only accel
erate plant reaction to short days. However, FRIEND (1981) 
has shown that a daily thermoperiod is indispensable for natural 
floral differentiation. Under his experimental conditions, with 
an 8-hour period of daylight and a temperature of 30°C, the 
lower the night temperature the earlier floral differentiation 
occurred. This requirement indicates a possible parallel between 
floral differentiation and CAM. 

It is highly likely that under natural conditions, the photo
period is the most important factor determining floral differen
tiation, closely followed by the thermoperiod. Factors such as 
water logging, that allow ethylene biosynthesis within the plant, 
also favour floral differentiation. 
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I.4. 1.1.3.2. - The natural growth cycle in pineapple. 

In the hot regions where pineapple is grown, generally be
tween the two tropics, variations in the photoperiod are rela
tively small . Day length varies from 10 hours 51 minutes to 13 
hours 24 minutes in Hawaii (latitude 21 °N) but only varies from 
11 hours 42 minutes to 12 hours 18 minutes in the Ivory Coast 
(COMBRES, 1981). In these areas the length of the night, which 
is the main factor influencing floral differentiation, never in
creases enough to cause large-scale flowering in a pineapple popu
lation. The same goes for temperature, which is generally too 
high. In these circumstances the natural cycle of pineapple can be 
extremely long, up to 4 or 5 years (COLLINS, 1960). 

The lack of a powerful influence by these two factors, to
gether with interference by water and mineral nutrition, sunlight, 
and most of all, the stage of development of the plant, means 
natural flowering in pineapple is basically a diffuse phenomenon 
that occurs in successive waves. The intensity of the waves and the 
intervals separating them vary considerably as a function of the 
numerous possible combinations of all the factors involved. By 
way of example, two special cases are cited : 
- the behaviour of crowns and suckers in the Ivory Coast (LA
COEUILHE, 1975 a) (fig . 48) ; 
- the interference between the weight of the planting material 
and the planting date in Martinique (PY, 1968 a) (fig. 49). 

r 
Q) 

400 ;; 
0 

0 

300 
.; 

..Cl 
E 
:::, 
z 

200 

100 

0 

Aug. Sep. Oct. Nov. Dec. Jan. Dec. 

Figure 48 • Natu ra l f loweri ng in crowns and suckers planted on the same 
da te in the Ivory Coast. Dates given ind ica te when fl ow ers appea red 



ECOLOGY 

.fil! %of accumulated 

.fill flowering @ 

l!!. 
~ Planting (P): January 1963 

~ 
Weight of suckers at planting: 

+-+ 700g t 100g 
o- o 500g t 100g 
..... 300g t 100g 

Y
I _.:, .... 

J 
// i 

Li 
N O 1 1=.J_F_~~A __ S--'-O_N~IO I J 
1962 1963 

F M A M J J 
1964 

90 % of accumulated 

80 flowering 
I 
I 
I 

70 I 

60 Planting (P): July 1963 

50 

40 

30 

20 

10 
p 

J J A 
1963 

J MAMJJASONOJFM 
1964 196 

143 

Fi gure 49 • Natural flowering for two planting dates in Maninique as a funct ion o f the weight of the suckers at 
p lanting. Dates indi cate when flowers appeared. 

When the powerful induction factors that occur at the end of 
the year (short days and cool temperatures) affect relatively old 
plants, most of them are big enough to initiate their inflores
cence irrespective of the initial weight of the shoot they grew 
from (fig. 49 A). However, if the plants are younger, floral differ
entiation only occurs in bigger plants, which are either those that 
grew from the higgest shoots, or those that underwent the most 
satisfactory growth. In the remaining plants, differentiation only 
take place progressively, in some, not until 10 months later 
(fig. 49 B). 

Consequently, depending on the type of shoot, and its initial 
weight and growth during the preceding months, plants of quite 
different ages can flower simultaneously. 
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These waves of flowering become more and more pronounced 
with an increase in latitude and altitude, i.e. when nights are long 
and temperatures are cooler. With a decrease in latitude and al
titude, the waves become longer and longer (cf. fig. 50). However, 
due to the significance of the weight of the plant when undergoing 
natural induction, the first plants can flower earlier in the latter 
regions where growth is more rapid. Depending on plant weight 
and the planting date, the natural cycle of suckers varies from 
16 to 18 months in Hawaii, and from 10 to 14 months in the 
Ivory Coast (COMBRES, 1978; PINON, 1978). Where rainfall 
is a limiting factor , irrigation can advance natural flowering 
considerably because it accelerates growth (COMBRES, 1976). 

In each pineapple cultivation area, it is important to know the 
periods of natural flowering and their intensity as a function of 
growing conditions and in particular of the weight and type of 
planting material used (PY et al., 1957; PENNOCK and GAN
DIA, 1975). Natural flowering causes noticeable peaks in pro
duction and results in an irregular supply of fruits to the market. 
In addition , since flowering is rarely completed in any one field , 
there is considerable confusion between plots and cycles. Thus, 
in the majority of cases it is a great advantage not to have to 
depend on natural flowering. To this end, the type and weight 
of planting material is selected according to the required flower
ing date, which must be before the induction of natural flower
ing. 

Successive harvests without replanting are only possible with 
artificial induction, firstly because inducing all mother plants 
starts shoots simultaneously , and secondly the development of 
the shoots is even more heterogeneous than of mother plants 
during the first cycle, and consequently natural flowering would 
take place over an even longer period. 

1.4.1.1.3.3. - Influence of climate on artificial flower induction. 

Climatic factors have the same influence as on natural floral 
differentiation. 

Temperature appears to play a leading role, and maximum 
effectiveness is only achieved when temperatures are below 
26°C with NAA and below 28°C with 2-chloroethylphosphonic 
acid (GLENNIE, 1979a; BARTHOLOMEW and KADZIMIN, 
1977). 

The fact that the best results are obtained when applications 
are made at night or as night approaches (PY and TISSEAU, 
1975 ; ALDRICH and NAKASONE, 1975) and that mediocre 
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results are obtained with applications made during the day in full 
sunlight with NAA (PY and GUYOT, 1967) or with BOH (YI 
LING, 1974) can also be put down to the immediate effect of 
temperature. 

In the case of treatments using gas, regulation of the opening 
of the stomata related to CAM can explain these differences 
more fully. 

Daytime induction treatment is improved by climatic condi
tions that prolong opening of the stomata in the morning (morn
ing fog, limited sunlight) or cause opening to take place earlier 
in the evening (satisfactory water supply) (cf. I.3.2.) (COMBRES, 
1981). Direct interference with metabolites is another possible 
explanation (cf. I.3.4 .1.3.). 

Climatic factors taken as a whole thus have considerable in
fluence on artificial flower induction and frequently determine 
the choice of growth regulator used (cf. II.10.). 

I.4.1.2. - The plant and the soil. 

I.4.1.2.1. -THE SOIL - PHYSICAL CHARACTERISTICS. 

Soil quality must be judged in connection with the character
istics of the plant to be grown in it and the climate. 

Root morphology depends to a large extent on the physical 
characteristics of the soil. The aerial roots, which wind them
selves round the stem at the base of the leaves, are broad, not 
branched and have numerous absorbing hairs. Similar roots are 
produced if the soil is protected by plastic mulch. Under these 
conditions constant humidity encourages more active and regular 
growth. The number of roots is the same, but they are longer 
(BOWERS, 1929). Aeration of the soil (cf. table 14) and regular 
humidity are preconditions for satisfactory root growth. 

In light, well-aerated soils without excess water, roots may 
grow to a length of 60cm or even longer. This is not the case in 
the ferralitic sands of lower Ivory Coast, where an apparent dry 
density of 1.4 g/ml considerably reduces root elongation and also 
affects root morphology and anatomy, increasing the quantity of 
medulla and aerenchymae and reducing the length of the rootcap 
(RAF AILLAC et al., 1978b). Discontinuity of density in the soil 
profile results in non-prospection of the lower dense horizon and a 
reduction in root elongation. In addition to this immediate effect, 
discontinuity in the soil profile modifies the diffusion of water, 
including the substances in solution (mineral elements, pesticides, 
root excreta) and gases (soil atmosphere, pesticides). 
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TABLE 14 - Effects of aerated solution o n root development (roots produced from 
slips in water culture in three weeks) (NOBORU IWAOKA et al., 1935). 

Average weight of roots per sl ip (grams) 
Character of roots (relative) 
Culture shift t oward a lkalinity 
Nitra te N absorbed in 19 hrs . per g fresh wt . 

(m illi grams) 
Ni t rate N absorbed in 19 hrs. per plant 

( mil li grams) 
Nitrate- reducase activity ( relative) 

Milligram s in 1 000 g of root ti ss ue : 

- Tota l organic N 
- Prote in (insoluble) N 
- Sol ubl e organic N 
- Al pha amino N 
- Ammon iu m 
- Nitrate N 

Aerated Unaerated 

27 . 4 15.0 
"woody" " soft" 

rapid slow 

1. 2 0.8 

33.0 12.0 

o. 0200 o. 0003 

1 258 1 003 
864 575 
394 428 
180 195 

14 15 
144 195 
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Root hairs are even more sensitive than roots , and root activity 
depends on the ability of the hairs to function satisfactorily 
and even more, to survive. In culture in solution TISSEAU (1971), 
growth was most satisfactory when roots were exposed to the 
air for 2 hours a day. Although plant reactions to excess water 
are now beginning to be studied in more detail (DUTHION and 
MINGEAU, 1976), the reaction of pineapple - which has not 
yet been the subject of much study - is mainly the production of 
more aerenchymae (RAF AILLAC et al., 1976), a reaction that 
resembles that in the case of soil compaction. 

From the point of view of climate, the main characteristic of 
the tropical regions where pineapple is cultivated is probably 
the frequency and intensity of rainfall. These two factors combine 
to produce an excess of water that is more or less temporary 
with respect to the richness of the soil in fine elements. Excess 
water runs in rivulets and fine elements accumulate in any small 
depression, where risk of submergence increases progressively. 
The places where water accumulates can become starting points 
for erosion (ROSE and LACOEUILHE, 1976). Soil granulome
try and the topography of the locality thus interfere with the rain
fall regime. 

In accordance with these characteristics, soils suited for the 
cultivation of pineapple can be described as having the ability 
to eliminate excess water rapidly and renew the soil atmosphere. 
Good drainage is thus the most essential character, and must 
go down to a sufficient depth, as waterlogging can occur in the 
whole layer of soil on top of any compacted zone. 

The higher the rainfall, the poorer in clay are the soils used for 
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cultivating pineapple. The mineralogical nature of the clay de
termines its capacity for water retention, and its plasticity and 
cohesion. Soils rich in loam, which are sensitive to compacting, 
are unsuitable and also encourage rot caused by Phytophthora. 
The majority of suitable soils have a rather sandy texture, but 
experiments with culture in solution (MARTIN-PREVEL, 1960) 
have shown that the roots are sensitive to particles with sharp 
edges. 

The main problems encountered with soils of this type are low 
water reserves and sensitivity to erosion and compaction (DU
CREUX et al., 1980), which necessitate appropriate cultivation 
techniques. 

In fact, permeability depends mainly on porosity. Circulation 
of air and water takes place via the biggest pores (macroporos
ity) and the smallest pores (microporosity) store water that 
feeds the plant and ensures survival of the roots. The way in which 
the elementary particles are associated, i.e. soil structure, deter
mines porosity and resulting qualities. In all cases water is the 
active agent for any modification in structural stability (MO
REAU, 1978). 

The K, Na, Ca, Mg composition of the soil solution does not 
affect the stability of aggregates of the sandy-clay in Molokai, 
Hawaii (EL-SWAIFY, 1970). The agressiveness of tropical rains 
is the main obstacle to maintaining soil structure. This is why 
sandy soils with a high proportion of coarse sand are popular in 
spite of their low cohesive capacity. 

«Improvement in structural stability implies modification of 
one or more factors that determine soil resistance to the action of 
water» (BENIN et al., 1969). 

According to GODEFROY (1974), easily biodegradable com
ponents of organic matter (particularly polysaccharides) play a 
major role in the stability of aggregates in ferrallitic soils in lower 
Ivory Coast. However, this effect is more concerned with an in
crease in cohesion rather than a decrease to absorptive power in 
the case where crop residues are returned to the field. Considera
ble quantities are involved, i.e. from 30 to 40 t/ha of dry matter 
(LACOEUILHE, 1976a; KEFFORD and HARADA, 1977), 
but improvement is short-lived (approx. 2 months). Consequently 
it is advisable to replant rapidly to encourage rooting by young 
plants and to cover the soil as soon as possible. 

The evolution of ferralitic soils in the Ivory Coast (50% 
coarse sand) under permanent pineapple cultivation shows that 
there is little variation in organic matter content from year to 
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year, but that there is a very gradual evolution towards more 
condensed forms accompanied by a slow decrease in structural 
stability (GODEFROY, 1974). 

Although the behaviour of the soil with respect to the action 
of water appears to be the most significant factor, the nature and 
colour of the soil also play quite a significant role in thermal 
exchange and consequently in soil temperature in cooler areas. 

In short, quite a large range of different soil types can be used 
for pineapple cultivation provided cultivation techniques are 
adapted to both the plant and the climate. However, techniques 
will be more expensive in the case of clayey, plastic soils with 
high water retention capacity. 

1.4.1.2.2.- THE SOIL - CHEMICAL CHARACTERISTICS. 

From a chemical point of view, soil acidity is the most rele
vant characteristic in connection with pineapple cultivation. 
All the different C.V.s have almost identical requirements, al
though «Smooth Cayenne» appears to be able to adapt to a larger 
range of variations than, for example, « Red Spanish». 

In a controlled environment, potassium is more actively 
absorbed than calcium, and nitrates better than sulphates. This 
results in acidification of the nutritive solution irrespective of 
the initial pH (SIDERIS, 1926), which influences the growth of 
the roots (cf. table 15) and the growth of the plant as a whole. 

All studies carried out in the field have shown that the opti
mum lies between 4.5 and 5.5 or even 4.5 and 5.0. This is true 
in Australia (BARNES, 1944); Jamaica (TOPPER,1952); Hawaii 
(COLLINS, 1960); Guinea (MARTIN-PREVEL et al., 1962); 
Puerto Rico (SAMUELS, 1962); Malaysia (TAY and WEE, 1972) 
and the Ivory Coast (GODEFROY et al., 1976). 

Leaving the optimum value, yield decreases more rapidly 
with an increase in acidification than an increase in alkalization. 
In ferrallitic sands in the Ivory Coast (GODEFROY et al., 1976) 
or clay loam soils in Wahiawa, Hawaii (ASGHAR and KANEHI-

TABLE 15 · Effects of pH on root growth (SIDERIS, 1926). 

p H Number o f root s M e an l enght Tot al l e ngth 

4.0 11. 5 169 1 943 
5.0 20 238 4 760 
6 . 0 13. 1 205 2 685 
6 . 5 9 .1 252 2 293 
7.0 4 .9 219 1 073 
7. 5 5 . 9 127 749 
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RO, 1980), extractable aluminium increases rapidly with a de
crease in pH below 4.5, which can explain the reaction of the 
plant, although the tolerance threshold for aluminium is not 
precisely known (35 ppm in culture in solution, SIDERIS, 1926). 

On the other hand, a higher pH limits the development of the 
roots (NEAN LEE, 1978), causing blockage of certain trace 
elements and resulting in vegetative accidents such as crookneck 
(TISSEAU, 1969; GODEFROY et al. , 1976), which may be 
encountered with an excess of lime or when lime is incorporat
ed unevenly, particularly when conditions are dry. In this case, 
the non-fruiting of affected plants must be added to a reduction 
in yield due to a decrease in the average weight of the fruits. 
Excessive liming of desaturated soils can occur during subsequent 
crop cycles as a result of an indirect effect (MARCHAL, 1980). 

Optimum pH often appears to be linked, among other things, 
to the availability of trace elements in the soil. Apart from cases 
where the origin of the soil explains the deficiency or toxicity, 
pH control is the most effective way of avoiding soil degradation 
and ensuring optimum plant nutrition in trace elements. 

pH and calcium also modify the risk of rot caused by Phy
tophthora (cf. I.4.2.1.1.1.). Even slight modifications in plant 
nutrition and in fruit quality can be linked to sensitivity to fruitlet 
core rot (cf. 1.4.2.1.3.1.). 

Animal manure is an effective way of maintaining or slightly 
increasing pH levels ( GODEFROY et al., 1972. Unfortunately,' 
in pineapple producing regions there is rarely enough manure 
available for regular dressing. Returning crop residues to the field 
also helps raise the pH at least temporarily in Hawaii (ASGHAR 
and KANEHIRO, 1980). However, repeated pineapple cultivation 
over a number of years can lead to acidification of not very 
saturated ferrallitic soils in the Ivory Coast (GODEFROY, 1975). 
This evolution is most often linked to fertilization practices 
(GODEFROY et al. , 1972). In almost unsaturated but well
drained soils in areas with high rainfall, the balance can easily 
be upset by excessive quantities of acidifying substances such as 
nitrogen and potassium (sulphates), which should be applied in 
smaller quantities in several successive treatments (split applica
tion). This also ensures optimum plant nutrition. 

Since pineapple prefers acid soils, it has limited calcium 
requirements, and these can easily be satisfied by supplies of 
carbonates. If supplies are both calcareous and magnesian ( do
lomite limestone), the soil will also be enriched in magnesium. 
In addition, the dressing has a positive effect on the persistance 
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of potassium and magnesium fertilizer (GODEFROY et al., 1976). 
pH control thus also influences the availability of cations in the 
soil. 

Nevertheless, the importance of potassium for pineapple 
justifies the preference for soils rich in this element. The critical 
level above which the plant no longer responds to additional 
potassium dressings vari~s with the type of soil and the author: 
78 ppm in Hawaii (MAGISTAD, 1934) ; 70 ppm in Queensland, 
Australia (CANNON 1957a; 140 ppm in Taiwan (SU,1969); 
less than 1 m.e.q. in Martinique (LACOEUILHE and GICQUIAUX 
1971). 

In practice, soils suitable for the cultivation of pineapple 
rarely have an adequate supply of potassium and consequently fer
tilizers always include a high proportion of this element. 

The balance of cations in the soil is, of course, significant, 
particularly the potassium/magnesium ratio. According to certain 
authors, it should never be greater than one, due to the powerful 
antagonism of potassium and magnesium in the plant. However, 
SU (1969) concludes that dressing is beneficial if the level of 
exchangeable magnesium in the soil is less than 70 ppm. Control 
of the pH by the addition of magnesium limestone generally 
satisfies plant needs (LACOEUILHE, 1978b). 

Response to dressings of phosphorous is rare except perhaps 
in Taiwan (SU, 1967). One of the most spectacular cases was 
observed in Guadeloupe (GODEFROY et al., 1971) in the case of 
extremely poor soil with only traces of assimilable phosphorous. 
However, due to limited migration of this element in the soil, 
temporary deficiences can occur, especially during the dry season 
(JEANTEUR, 1970). 

Lastly, availability of nitrogen in the soil is linked to organic 
matter, whose speed of evolution is rapid in tropical climates, 
and the rate at which it is added (usually at planting) means that 

TABLE 16 . Normes established by DALLDORF and LANGENEGGER (1978) for chemical soil 
characteristics. 

Defi cient Low Medium Quite high Hig h Very high 

Resistivity < 300 301 - 899 900 - - -
p mg/kg < 3 4 - 6 7 - 15 16 - 29 > 30 -
K mg/kg < 80 81 - 120 121 - 200 20 1 - 260 > 260 -
Ca/Mg - - 2.5 - - -
Al % m . e . q. - - 0 - 0.5 0.31- 0.50 0 . 5 1 - 1. 0 > 1. 0 

pH < 4 . 0 4.0 - 4.9 5 . 0 - 6.5 6.5 - -
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the evolution of soil reserves is too rapid for optimum plant 
nutrition throughout the intensive cultivation cycle. Split appli
cations can improve this state of affairs (LACOEUILHE, 1978 a). 
The only really satisfactory way of fulfilling plant requirements 
is by fertilization. 

1.4.1.3. - Plant nutrition. 

Fertilization and selection of varieties were among the first 
methods used to increase and regulate agricultural production. 
The law concerning variation in yields obtained by the addition 
of fertilizing elements nevertheless remains subject to variations 
in uncontrollable factors (climate) and controllable factors (tech
niques): the intensity of the response in neither constant in 
time nor in space. Despite the importance of fertilizer, its sole use 
is not enough to ensure objectives can be achieved. The chances of 
objectives being achieved can be estimated by evaluating each 
successive stage of growth of the plant population and compar
ing it with norms used for the assessment of yield. 

The nutritional status of the plant is the result of the effect 
of fertilization as influenced by several variables. It can be linked 
to yield from both a quantitative and qualitative point of view, 
and even though it is not the sum of all these components, it 
includes the majority of them. Nutritional status is the result of 
past events and determines the future of the plant; establishing 
the status of the plant is a valuable way of discovering whether 
or not changes will be needed in order to achieve yield objectives. 

However, there are only a limited number of occasions when 
it is possible to intervene during the course of the growth cycle 
of a non-perennial plant such as pineapple. Correction can some
times only result in the improvement of the following cycle. 
Nutritional diagnosis is thus most useful for checking the validity 
of the initial choice of techniques for the attainment of yield 
objectives. Complete accuracy of data concerning plant require
ments on which the diagnosis is made is thus indispensable. On the 
other hand, as more diagnoses are made, the more accurate they 
become. Detailed knowledge of the relationships between climate, 
soil, the plant and the techniques used provides the frame of 
reference. 

1.4.1.3.1.- PLANT REQUIREMENTS. 

I.4 .1.3.1.1. - Nutrients removed by the crop. 

Traditionally plant requirements are expressed as amounts 
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removed. These depend to a large extent on the weight of the 
fruits harvested. 

The nitrogen and phosphorus content of the fruit does not 
vary much, but calcium and magnesium, and in particular potas
sium, depend more on the richness of the soil and on the quanti
ty and balance of the fertilizer used (LACOEUILHE and GIC
QUIAUX, 1971). Nevertheless, the following figures can be used 
as a guideline for amounts removed per tonne of fruits harvested 
(JOHNSON, 1935; MARTIN-PREVEL, 1961 and 1962; AL
BRIGO, 1966; BLACK and PAGE, 1961 and 1969; LACOEUIL
HE and GICQUIAUX, 1971; LACOEUILHE, 1974 and 1976 
a): 

- Nitrogen (N) 
- Phosphorus (P 2 Os) 
- Potassium (K

2
- 0) 

- Lime (Cao) 
- Magnesium (MgO) 

0.75 - 0.80 kg 
0.15 kg_ 
2.0 - 2.6 kg 
0.15 - 0.20 kg 
0.13 - 0.18 kg 

The results are expressed in such a way as to allow compari
son with fertilizers. 

In most cases, fruits are not the only source of elements re
moved. In the Ivory Coast fresh pineapples exported to Europe 
without processing have reduced crown weighing approximately 
120 g; this represents a fresh weight of 7 - 8 t/ha, which is quite 
a significant amount. 

In other cases, the whole crown is exported; this is generally 
the case with a ratoon crop, or when only one harvest is planned 
due to expansion of the plantation. The weight and composition 
of the crown are quite variable, as shown in table 1 7. 

Suckers must also be included if these are used to plant a 
larger area than occupied by the mother plants.After table 18, 
MAR TIN-PREVEL, gives figures for extra shoots (i.e. the second 
suckers harvested from each plant) for a harvest of 55 t/ha com-

TABLE 17 · Quantities of elements immobilized in 55 000 crowns/ha (in kg/ha) . 

Country Fresh weight ( g) N P205 K20 CaO MgO 

Ivory Coast 205 19 11. 5 59 8 . 5 10. 5 

Ivory Coast 295 28 15 .4 89 11. 9 13.0 

Martinique 390 36 20 . 2 111 29.3 16 . 5 



154 THE PLANT AND THE ENVIRONMENT 

TABLE 18 - Quantities removed by fruits and suckers in 
kg/ha (MARTIN-PREVEL et al., 1961) - 38 500 plants/ha. 

N P205 K20 CaO MgO 

Fruits 43 16 . 5 131 17 10 

Suckers 24 . 5 8 43 10 6 . 2 

prising 38,500 plants/ha. It is interesting to compare these figures 
with those showing removals for fruits. 

I.4 .1.3.1 .2. - Returns due to incorporation of plant residues. 

There is usually a correlation between the tonnage of fruits 
harvested and the size of the plants. Consequently, the amounts 
removed are in proportion to the amounts immobilized that 
can be returned to the soil after destruction of the mother plants. 
These figures are also proportionally affected by fertilization. 
Fertilization improves growth and yield and thus increases the 
amount of organic matter and mineral elements that can be re
turned. As shown in table 19, the techniques used for fertilizing 
also play an important role , and they will be discussed in more 
detail in connection with the conservation of chemical fertility 
of the soil (cf. II.7 .). 

The amounts returned have to be taken into account when 
considering the relationship between soil, climate and cultivation 
techniques. Table 20 shows the range of variations at different 
localities for one harvest only (plant crop) . 

Few data are available on several successive harvests. The 
following figures were calculated on the basis of studies by KEL-

TABLE 19 . Quantities removed by frui ts and shoots and returned as plant residues as compared with fertilizer 
(LACOEUILHE, 1974 a). 

Quantities fresh matter 
Re turned as residues/supplie d by fer tili zer 

r e move d 

Total dry 
Fruits t /ha Shoot s t/ha weight N kg/ha P20 kg/ha K20 kg/ha Cao kg/ha MgO kg/ha 

(TDW) t/ha 

Control wi thout 29 . 5 67 5.8 44 11 24 36 20 
fertili zer 

Mineral fer tili zer 6 1. 5 131 17 .0 137/255 27/0 243/513 28/0 30/16 

Organ ic fertili zer 60 . 5 144 11. 4 87/135 66/160 136/300 76/175 38/54 

Mineral + organic 
fertilizer 

75 . 3 14 8 19 . 5 165/390 36/160 372/813 56/175 41/21 
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TABLE 20 . Total immobilization at harvest including fruits (in kg/ha). 

Countr y Fruits t/ha F . M . t /ha 

Hawaii 83 

Guinea 55 

Martin ique 90 250 - 300 

Mart inique 75 • 110 - 220 

Ivory Coast 80 205 - 215 

Ivory Coast 100 260 - 275 . Frui t with s hortened c rown 
** Estimates 

D.M. t/ha N 

579 

205 

295 - 310 

165 - 280 

30 - 35 200 - 215 

42 - 46 200 - 325 

P205 K20 

127 1 648 

58 393 

120 - 150 740 - 1 250 

55 - 105 155 - 765 

72 425 - 450 

90 710 - 750 

LEMS et al. , (1979) in Hawaii after 2 harvests 
Total dry matter 50.5 t/ha 
- N 392 kg/ha 
- P2 0 5 81 kg/ha 
- K

2 
0 572 kg/ha 

- CaO 252 kg/ha 
- MgO 135 kg/ha 
- S 116 kg/ha 
- Cl 182 kg/ha 
- Na 5 kg/ha 

1.4.1.3.1.3 .- Use of returned nutrients. 
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Cao MgO 

( 430)* * (250) ** 

12 1 42 

141 - 2 15 85 - 120 

80 - 135 40 - 125 

80 - 85 65 - 70 

95 - 100 75 - 80 

The plant only uses a certain amount of what is returned. 
The proportion of nutrients utilized depends on the form in 
which it is returned (burnt, or in mulch, or incorporated in the 
soil). Losses through leaching in sandy soils in the Ivory Coast are 
given in table 21 (GODEFROY et al. , 1979, where P, Ca and Mg 
had been supplied in the form of a top dressing before planting, 
and N and K as a leaf spray . Nitrogen losses are high (approx . 
200 kg/ha/cycle, generally in nitric form) . Losses of potassium, 

TABLE 21 · Fertilizing element lost through leaching of ridges· Results expr~ d in kg for 1 hectar of ridges 
(GODEFROY et al .. 1979). 

Incorporated Bu rn t Mul ch 

Cycles Cycl es Cyc les 
Mean M ean 

1 2 3 1 2 3 1 2 3 

Drainage (mm) 3 402 1 330 1 492 3 502 1 247 1 820 4 158 1 594 1 981 

Calcium ( Ca) 312 123 192 209 400 193 256 283 519 275 248 

Magnesi um ( Mg ) 229 114 205 183 221 104 168 162 210 127 148 

Potassiu m ( K ) 187 99 280 189 109 52 249 137 82 66 174 

Phosphorus ( P205 2 5 2 3 4 I I 2 2 I 1 

Tota l nitrogen ( N) 241 164 179 195 276 182 163 207 259 240 160 

'J(, N - NH4 I I 0 I 0 <: 1 <1 < 1 1 <1 <1 

'J(, N - N03 87 90 91 89 86 92 89 89 82 94 89 

% o rgani c N 12 9 9 10 14 8 II 11 17 6 10 

Organi c carbon 74 45 8 1 67 88 44 70 67 100 47 68 

M ean 

347 

162 

107 

I 

220 

.(_ I 

88 

11 

72 



156 THE PLANT AND THE ENVIRONMENT 

on the other hand, are relatively low in proportion to the quan
tities concerned (approx. 1 t/ha/cycle of K

2 
0 is supplied as a 

spray). Losses of magnesian limestone from these poor, light 
soils are high (63% of calcium and 79% of magnesium, not in
cluding organic returns), but phosphorus losses from the same 
type of soil are low. 

To sum up, plant utilization of organic matter and mineral 
elements returned before planting is relatively low. The reasons 
for this are twofold : 
- the rapid and intensive mineralization of organic matter, which, 
however, has the advantage of shorthening the period of nitrogen 
starvation following incorporation into the soil ; 
- high rainfall in tropical regions. The alternation of dry and rainy 
seasons influences the quantity and persistance of available ele
ments. 

I.4.1 .3.1.4.- Rate of absorption. 

In these circumstances the maintenance, and, to an even 
greater extent, the improvement of soil fertility are not easy. 
Soils is an environment that evolves with varying speed depend
ing on pedological and climatic factors and cultivation tech
niques. Availability of nutrients and related dynamics has to be 
compared with the rate of absorption by the plant (LACOEUIL
LHE, 1973b). A preliminary estimate may be made by calculat
ing successive uptake of plants growing under conditions as
sumed to be non-limiting to growth (fig. 51). 

Returning crop residues all at once provides the plant with a 
progressively decreasing supply of nutrients, whereas plant re
quirements in fact increase with the age of the plant. This situa
tion is worsened by the fact that conditions that are favourable 
for rapid plant growth also promote rapid breakdown of organic 
matter and increase the risk of leaching. The relationship be
tween supplies from the environment and plant requirements must 
consequently be considered with these diverging dynamics in 
mind and used as a basis for drawing up fertilization schedules 
and deciding on the best techniques. 

I.4 .1.3.1.5 .- Nitrogen and growth. 

Figure 51 shows that plant requirements in potassium and 
nitrogen are high in comparison with calcium, magnesium and 
phosphorus. These requirements increase with plant growth, 
until flower induction. As far as mineral elements are concerned, 
plant growth depends mainly on nitrogen nutrition and the 
nitrogen balance, which MARTIN-PREVEL (1959a) expressed 
as follows : « When the nitrogen level in the D-leaves rises above 
1 % ( dry matter of the whole leaf) pineapple reacts with an in-
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Figure 51 • Vari ati ons in dry matter and immo
b ili zat ion of m inerals in a plant grown from a su
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pri sing 8 N-4P20 5-20 K20-(X)Ca0-5Mg0 befo re 
artifi c ial fl ow er inducti on (fo rc ing ).(LACOEUJLHE, 
1978a). 
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crease in leaf growth that tends to reduce the nitrogen level to 
around the same value». 

Nitrogen allows growth potential , as determined by climatic 
factors and cultivation techniques, to be expressed to the full. 
In one locality , the response curve to increasing quantities of 
nitrogen (fig. 52) varies as much due to the effect of the climatic 
sequence on the soil/plant system and the resulting consequences 
for growth potential, as due to soil reserve losses of elements 
supplied. A slowing down in the growth rate due to , for example, 
drought, reduces plant nitrogen requirements (MARTIN-PREVEL, 
1959a). The same goes for other factors : lowering of temper
ature (PY et al. , 1957) ; asphyxiating root environment (RA
FAILLAC , 1982) . 

Some factors can influence plant requirements independently 
of their effect on growth, as is the case with light (SIDERIS, 
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Figure 52 • Effects of planting date on the 
nitrogen response curve. (LACOEUILHE, 
1978 a). 

1940), which increases the level of nitrates in the tissues (CON
NELLY, 1969). 

The extremely rapid nitrification of urea and ammonium after 
absorption is not fully understood (CONNELLY, 1969; MAR
CHAL and LACOEUILHE, 1980). By contrast, an asphyating 
root environment decreases absorption of mineral elements, 
particularly nitrates (RAF AILLAC, 1982). 

I.4.1.3.1.6.- Phosphorus requirements. 

Paradoxically, the anionic behaviour of mineral nitrogen in the 
plant does not seem to have much influence on the absorption of 
phosphorus. Adaptation to poor soils (cf. mineral deficiencies) 
is probably due to symbiosis with mycorrhiza (photos 21 and 22) 
(MOURICHON, 1981) as is the case in many plants. Conditions 
that are unfavourable for phosphorus absorption (drought) togeth
er with unsaticfactory plant absorption (roots in early stages 
of development or in unsatisfactory condition), can, however, 
result in deficiencies that are often temporary. Pineapple require
ments of this element are not high (GODEFROY et al. , 1971). 

It is rare to observe an antagonistic effect of nitrogen on phos
phorus absorption; consequently nitrogen can be supplied alone 
as a leaf spray. In another connection, what may appear to be an 
antagonistic effect of potassium on phosphorus absorption is in 
fact due to the sulphates in potassium fertilizer (MARCHAL 
et al., 1970). 
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1.4.1.3.1. 7.- Nitrogen - potassium relations. 

Quantitatively speaking, potassium requirements are the 
greatest. Due to the relation between nitrogen and growth, nitro
gen determines potassium requirements. In addition, an increase 
in growth due to nitrogen can result in an increase in the level 
of potassium in the tissues and consequently immobilization, 
if enough is available in the soil (MAR:CHAL et al., 1970). 

By increasing potassium intake, nitrogen can contribute to 
exhausting soil reserves of potassium. This is due to excessive 
dressings of nitrogen fertilizer (cf. 1.4.1.2.2.). 

Under normal conditions, potassium has less influence on 
fruit weight than nitrogen (cf. fig. 53). In contrast with nitrogen, 
absorption continues after flower induction (LACOEUILHE, 
1973b). It has a beneficial effect on fruit quality (cf. 1.4.1.4.2.), 
for which it is an essential element, and the greater the light 
intensity and the higher the temperature, the more essential 
it is. 

Potassium can also encourage growth of shoots (DALLDORF, 
1975b) and the ratoon crop, probably because it has a favoura
ble effect on the growth of the stem (SIDERIS and YOUNG, 
1945 ). The different effects of nitrogen nutrition are perhaps 
linked to the effect of potassium on the rhythm of stomata! 
opening and to an improvement in the plant water regime (COM
BRES, 1976). 

While studying ideal plant nutrition under artificial conditions, 
Renee TISSEAU (1971) showed that the quantity of potassium 
the plant consumes depends on the amount available. Pineapple 
is a voracious consumer of potassium and slightly less so of ni
trogen, and the result can be luxury consumption that reflected 
neither in the weight nor the quality of the fruit. 

1.4.1.3.1.8.- Relations between cations. 

Overconsumption of potassium is accompanied by an increase 
in total K, Ca and Mg cations in the plant, most likely the result 
of an increase in the exchange capacity of the roots brought 
about by potassium, an improvement which primarily benefits 
potassium itself. Irrespective of the initial richness of the soil 
and balance between cations in the fertilizer, potassium repre
sents more than three quarters of the total cations in D-leaves, 
expressed in milli-equivalents (fig. 54). Potassium modifies plant 
nutrition both quantitatively and qualitatively (total cations and 
ratio). Absorption of magnesium is most strongly affected by 
the antagonistic influence of potassium and, in the first instance, 
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Mg absorption depends on the availability of potassium (LA
COEUILHE and GICQUIAUX, 1971). 

« Pineapple absorbs potassium better than magnesium, and 
magnesium better than calcium. The order does not reflect plant 
preference but rather plant requirements» (MARTIN-PREVEL 
et al., 1962). 

l.4 .1.3.1 .9.- Growth-reducing factors. 

Plant mineral element requirements, which are determined 
by growth and in return influence it, therefore seriously interfere 
with one another, but it is equally significant that complete rea
lisation of plant growth potential corresponds to the climatic 
potential and is subject to the influence of these climatic factors 
on parasitism, soil and cultivation techniques, which also in
fluence plant requirements. 

Parasites such as nematodes (MAGISTAD and OLIVEIRA, 
1934; ENGLERTH, 1969; LACOEUILHE and GUEROUT, 
1976) and symphylids (LACOEUILHE et al., 1977) limit growth 
of the aerial parts of the plant by affecting root function. In 
nutritive solution removal of three quarters of the roots at 8 
weeks reduces consumption of N and K. 

However, amputated plants compensate by more intense 
absorption according to plant requirements (GODO, 1980b). 
As the root system probably grows more rapidly (as in barley 
and wheat) than the increase in consumption of mineral ele
ments, amputation under natural conditions is particularly se
rious during initial growth immediately after planting and in small 
plants. The same is true when the roots are functioning less 
effectively during the ratoon crop cycle. 

It is not possible to compensate completely for a deficient 
root system by supplying nutrients via foliar absorption. Growth 
itself is reduced (LACOEUILHE and GUEROUT, 1976) by a 
reduction in the absorption of water, in root exudation and in 
the synthesis of phytohormones. Consequently yield cannot be 
satisfactory. As can be seen, all these limiting factors exert their 
influence primarily through growth. However, satisfactory plant 
nutritional status can reduce the sensitivity of the root environ
ment to such factors as asphyxia (RAF AILLAC, 1982). 

1.4.1.3.1.10. - Reference system for calculating mineral require
ments. 

A reference system for calculating plant mineral requirements 
necessitates analysis of the effect of climatic factors on growth, 



PHOTO 26 - Progressive changes in the colour of the shell as complete maturity approaches. 
(Photography courtesy of the Panel France, Europe du Nord des ananas Elit, Yamoussoukro 
(Iuory Coast), and the following companies AVM (Brussels , Belgium), Fruits Unis, Pomona, 
SIIM, (Paris, Rungis, Marseille) France. 

Reproduction courtesy of POMONA IMPORT 
21, rue du Pont-Neuf - 75039 Paris cedex 01, France 



PHOTO 29 - Evolu
tion of damage. (By 
permission of Teis 
son). 

Abnormalities of the fruit caused by unfilvourable climatic conditions. 

Photos 27 and 28 - Sunburn: 
- damage to the shell (By permission of Giacomelli) . 
- changes start to take place in the flesh : increased translucency and 
change in colour. (By permission of the Citrus and Subtropical Fruit 
Research Institute, South Africa) . 

PHOTO 30 - Appearance of Smooth 
Cayenne. fruit that developed during a 
period of cold weather. (By permission of 
Giacomelli) . 

PHOTO 31 - Ovoid. hollow fruit - Abnormality thought 
to be caused by water stress during the formation of 
the fruit . (By permission of Sarah) . 

Reproduction courtesy of the 
SOCIETE D'IMPORTATION FRANCO-ANTILLAISE 

Bat. D 9, 20, rue de Provence, B.P. 332 - 94153 Rungis Cedex, France 



PHOTO 34 - Leaf symptoms of 
magnesium deficiency in a con
trolled environment. (By permis
sion of Py) . 

Mineral deficiences 1 
(Cations) 

PHOTO 32 - Leaf symptoms of 
potassium deficiency in the open 
field. (By permission of PY) . 

PHOTO 33 - Leaf symptoms of 
magnesium deficiency in the open 
field. (By permission of Py ). 

PHOTO 35 - Calcium deficiency - Symptoms in a controlled environment 
(death of terminal meristem) . (By permission of Guyot). 

Reproduction courtesy of the INSTITUT INTERNATIONAL DE LA POTASSE, 
B.P . 41, CH - 3048 Worblaufen, Berne, Switzerland 



PHOTO 37 - Boron deficiency of 
the fruit in a controlled environ
ment. (By permission of Guyot) . 

Mineral deficiences 2 
(Phosphorus and trace elements) 

PHOTO 36 - Phosphorus deficiency 
in a controlled environment. (By 
permission of Guyot) . 

PHOTOS 38 and 39 - Iron deficiency of fruit in a con
trolled environment and of the leaf in the open field.{By 
permission of Guyot and Py). 

Reproduction courtesy of GERDA T 
(Groupement d 'Etudes et de Recherches pour le Developpement de l 'Agronomie Tropicale) 

42, rue Scheffer - 75016 Paris, France 
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Figure 53 • Effects of different rates of potassium on fruit 
characters in fruit for export fresh (LACOEUILHE 1978a). 
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Figure 54 • K, Ca and Mg distribution in fertilizer and in the 
D leaf at artificial flower induct ion at two localities in Marti
nique. Level of potassium in the soil : L = Lamentin = 1,15 °/o 
meq ; MR = Marne Rouge = 0,20 % meq; Controls received 
no cations (LACOEUILHE, GICOUIAUX, 1971). 
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via the dynamics of soil physics and chemistry (air, water, mineral 
elements) as well as parasites and cultivation techniques (soil 
preparation and improvement of the soil status, herbicide and 
plant protection treatments, and the control of growth cycles). 

During the ratoon crop, the influence of all these factors on 
the growth and development of the shoots is even greater and 
frequently constitutes a limiting factor. Even though the ratoon 
crop is not simply an extension of the plant crop, it is generally 
held that requirements are reduced, in comparison with the plant 
crop, by a coefficient of 0.6 to 0.7; however, few detailed stud
ies (PINON, 1983) have been published on this subject. 

1.4.1.3.2.- LEAF SYMPTOMS OF MAJOR MINERAL 
DEFICIENCIES. 

In the first instance, a plant is characterized by the habit, 
number, size, shape and colour of the leaves. Phenotype is known 
to be influenced by ecology and edaphic conditions (cf. Ecology), 
but the activity of the root system can profoundly modify the 
growth and phenotype of the aerial parts of the plant. Observation 
of root activity is indispensable and should precede identification 
of leaf symptoms. 

Factors which influence plant water nutrition play an ex
tremely significant role. As is true of all other plants, pineapple 
water requirements far outweigh those of any other element and 
must be regularly satisfied. In addition, soil water is the medium 
that contains mineral elements the plant uses. 
Renewal of the soil solution affects the kinetics of availability 
of mineral elements for the plant and the evolution of reserves of 
elements in the soil. Different factors can influence exchanges 
between the soil and the soil solution, and between the solution 
and the plant. These factors can consequently contribute to the 
appearance of deficiency symptoms (for example the appearance 
of phosphorus deficiency symptoms in dry conditions). 

As a result of this complex whole, a mineral deficiency en
countered in the field does not always have only one direct 
cause, e .g. blocking in the soil, the balance of elements in the soil 
solution, plant absorption selectivity and so on. 

Symptoms encountered in the field may consequently be 
somewhat different from those obtained with a higher degree of 
certitude in a controlled environment. Climatic conditions can 
also influence the appearance of the symptoms. 

As the phenomena have a complex origin, the cure is neces
sarily also complex and is not merely limited to supplying the 
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element that is assumed to be lacking. Irrigation, control of pH, 
improved schedule for top and leaf applications of fertilizer, 
among others, may provide a more effective and lasting remedy . 

In addition, visible symptoms of a deficiency are the final 
stage and are usually preceded by a more or less serious inhibi
ting effect on growth and yield. Bad nutrition must thus be 
detected early enough to be remedied before yields are affected 
(cf. II.7.). 

In spite of this reservation, it is indispensable to be able to 
recognize visible deficiency symptoms, and several studies of the 
subject have been made under controlled conditions : 
- on Smooth Cayenne by SIDERIS and YOUNG, 1950, 1956, 
etc.; CIBES and SAMUELS, 1961 ; Renee TISSEAU, 1963; 
- on Singapore Spanish by KANAPATHY, 1959; 
- on Red Spanish by CIBES and SAMUELS, 1958. 

Their results have been confirmed in the field in a certain 
number of cases: MARTIN-PREVEL, 1959b; MARCHAL, 1971 
a and b; TAY, 1974a; GLENNIE, 1977a; JORGENSEN 1978, 
etc .. 

Leaf symptoms can be diagnosed with sufficient accuracy 
in the majority of cases. However, they can only be accurately 
identified in the field if the plant is in a position to effectively 
extract from the soil the elements that are at its disposal. The 
more roots there are and the better distributed they are in the 
soil, the more satisfactory plant nutrition will be. 

Physics and chemistry of the soil (cf. I.4.1.2.) play an impor
tant role in the development of the root system. Water dynam
ics in the soil often create unfavourable conditions, which can 
have serious consequences even when they only last for a limited 
period of time. In the most serious cases of water logging, the 
number of roots is reduced, the roots have no hairs and also 
suffer from varying degrees of rot. In less extreme conditions, the 
diameter of the roots is reduced, and the apex is destroyed, which 
results in fewer branches and longer branch roots than in the case 
of symphylids. On the other hand, under dry conditions, the 
roots are lignified and root growth and activity is limited (ab
sence of white tips and absorbing hairs). 

Biological factors result in symptoms that are described in 
the sections on the agents responsibles : 

- Nematodes 
- Symphylids 
- Coleoptera 
- Mealy bugs, Dysmicoccus brevipes 
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- Phytophthora sp. 
- Cerastocystis sp. 
The symptoms described below only concern the deficiences 

of the element under discussion and all other elements are assum
ed not to be limiting factors in the environment. 

Nitrogen deficiency. 
- Foliage yellowish green to yellow. 
- Leaves few in number, small, narrow. 
- Low and stunted growth . 
- Small fruit with deep colour and small crown. 
- Absence of slips. 
- Occurs frequently in soils poor in organic matter, with no ma-
nuring, in hot, sunny localities. 

Phosphorus deficiency (photo 36). 
- Foliage dark bluish green, more pronounced with larg~ quantities 
of nitrogen. 
- Leaves dry out from tip, starting with oldest leaves. 
- Old leaves have reddish brown tips with brown, transverse ex-
crescences. 
Yellowing of margins of old leaves, starting from tip. 
- Plant has erect, long, narrow leaves. 
- Roots have longer, more deeply coloured and less branched root 
hairs. 
- Small, reddish fruits. 
- Occurs rarely, can appear more or less temporarily, particularly 
during the periods in poor soils or where deeper horizons have 
been exposed to the surface by clearing or new zoning. 

Sulphur deficiency . 
- Foliage pale yellow to gold. 
- Pink leaf margins, particularly on old leaves. 
- Normal habit. 
- Rather small fruits. 
- Rare except where fertilizer does not contain sulphates. 

Potassium deficiency {photo 32). 
- Foliage green to dark green, more pronounced with nitrate 
fertilizers. 
- Leaves develop small yellow spots that increase in size, multi
ply and may run together at the margins of the leaf blades. 
- Drying out of tips. 
- Fruit peduncle has small diameter. 
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- Small fruit, lacking in acidity and aroma. 
- Occurs frequently except in soils rich in K. Encouraged by 
high proportion of nitrogen in fertilizer, intense sunlight, excess 
leaching in soils with a high pH and rich in Ca and Mg. 

Calcium deficiency (photo 35 ). 
- Very small, short, narrow, easily broken leaves. 
- Very short internodes. 
- In a controlled environment conditions can worsen, resulting in 
the death of the apex and the development of lateral shoots with 
a similar appearance. 
- Occurs rarely except in extremely degraded soils. 

Magnesium deficiency (photos 33 and 34). 
- Normal habit. 
- Old leaves turn yellow, except parts that are shaded by younger 
leaves, which remain green. In a controlled environment, spots 
appear, first yellow then turning brown. Old leaves that have not 
completed growth dry out when deficiency occurs. 
- Fruits lacking in acidity , sugar content low, lacking flavour. 
- Occurs quite frequently in soils poor in Mg especially when 
large amounts of potassium fertilizer are used in very sunny 
localities. 

Iron deficiency (photos 38 and 39). 
- Chlorisos develops, starting with young leaves. 
- Leaves are usually flaccid, broad, yellow in colour with green 
grid-like appearance corresponding to conducting network. 
- Old leaves dry out. 
- Leaves develop green transverse bands when sprayed with large 
quantities of iron. 
- Red fruit with chlorotic crown. 
- Occurs quite frequently in a whole range of situations/ soils 
with high pH, soils rich in manganese (Mn/Fe: 2), compact soils, 
localities where termitariums are found, when large amounts of 
nitrates are supplied to plants where roots are undergoing a rapid 
decrease in activity due to mealy bugs, drought, etc. 

Manganese deficiency (photo 40). 
- These symptoms have not, in fact, been clearly defined. 
- Affected leaves are marbled in appearance with pale green 
areas, mainly where vessels are located, surrounding areas of 
darker green. 
- Occurs rarely, in soils rich in Ca and with a high pH. 
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Zinc deficiency (photo 40). 
- In young plants, the heart of the rosette of leaves is closed, 
young leaves are stiff, easily broken and sometimes have a symp
tom named ·«croo}meck». 
- Old plants; basal leaves have irregular, marbled appearance with 
yellowish orange discolouration of leaf margins and dry tips. 
Frequent attacks by Diaspis with characteristic symptoms. 
- Occurs infrequently, except in soils with high pH, with exces
sive liming, or where lime or phosphorus has not been satisfac
torily incorporated. 

Copper deficiency. 
- Leaves are light green and narrow with undulating margins and 
a pronounced U-shape in cross section. 
- Tips of leaves curve downwards. 
- Old leaves droop and are purplish red in colour around curvature. 
- Short roots with few root hairs. 
- Plant is rachitic. 
- Is said to occur relatively frequently, but descriptions of symp-
toms are often imprecise. ' 

Boron deficiency (photo 37). 

A certain number of symptoms encountered in various situa
tions are attributed to boron deficiency : 
- Yellow to orange to brownish discolouration of one side of leaf 
only, growth stops when leaves are 2/ 3 of their normal length, 
and tip dries out. Leaves tend to corkscrew (hydroponics - Ivory 
Coast). 
- Chlorosis occurs in young leaves with reddening of dead margins 
of apex (hydroponics - Malaysia) . 
- Fruits develop multiple crowns (Hawaii, Martinique). 
- Corky tissue develops between the fruitlets, fruits can be very 
small and spherical (Australia, Martinique). 
- These symptoms appear most frequently due to blocking of 
boron in the soil either due to drought or too high pH. 

Molybdenum deficiency . 
- Has never been indicated nor has it been induced in hydroponics, 
but probably occurs in soils with a pH of less than 4, associated 
with aluminium toxicity. 

Other leaf symptoms. 

Many other leaf symptoms can occur in connection with 
different forms of parasitism (cf. appropriate chapters), but 
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others are linked to supplies of minerals : 
- Sodium chloride carried by ocean mists (cf. wind), dark coloured 
transverse necrotic bands (photo 42). 
- Biuret : . impurity in urea, causes drying out of tips of old leaves 
with a yellowish margin. 
- Urea sprayed on leaves at too high concentrations burns the base 
of the leaves and occasionally causes exudation of gum. 
- Ammonium sulphate (or NPK fertilizer) placed in axils of D
leaves or younger leaves causes similar symptoms. 
- Potassium at very high concentrations in spray-form can cause 
slight superficial burns which appear as brown spots, particu
larly with chloride. 

I.4.1.3 .3. - DIAGNOSIS OF PLANT NUTRITIONAL STATUS. 

The first plant tissues were analysed to define plant nutritional 
status in pineapple by NIGHTINGALE (1942) in Hawaii. The 
same type of analyses were continued by a Hawaiian team com
prising SIDERIS, KRAUSS, YOUNG and CHUN, and the most 
notable result has been the definition of the crop log technique 
developed by SANFORD (1962), which is used to varying extents 
in the majority of pineapple producing-countries. 

Introduced in France by LAGATU and MAUME in 1930, 
leaf diagnosis is a valuable tool for perennial plants in temperate 
climates. It must be adapted for use with pineapple. In tropical 
countries seasonal rhythms are less distinct. The differences 
between localities (particularly in altitude) and between annual 
or pluriannual climatic sequences are more important from an 
agronomic point of view. NIGHTINGALE's aim was to find 
indices that are independant of all these factors and applicable 
in any locality in any season. 

The three main principles of his work are as follows : 
- the concentration of starch is employed as an index of net photo
synthesis; 
- nitrogen nutrition is first considered in relation to nitrate and 
carbohydrate reverses; 
- deficiency of an essential element must not only be recognised, 
but most important of all it must be explained. 

I.4 .1.3.3.1 .- Colouring of foliage. 

Various tests have not succeeded in characterizing starch 
reserves, but a correlation has been found between the colour of 
the leaf and starch stored in the cells (table 22). 
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TABLE 22 - Characters of leaves of different colours (SANFORD, 1962). 

Numbe r Colour Texture 
Quan tity of gluc ids in r e l a ti on 

to prote i n nitrogen 

0 Ye ll ow Firm Variable 

I Ye ll owi s h-green Firm High 

2 Oli ve - green Interm e diate Mediu m 

3 Dark green Soft Low 

Colour number 1 represents the most satisfactory nitrate 
nutrition with respect to synthesis of glucids, which is determined 
by temperature, the availability of carbonic gas, and sunlight. 
Quite a large number of studies concerning nitrate fertilization 
have demonstrated the importance of green colouring at the mo
ment floral differentiation occurs, irrespective of the green col
ouring shown at earlier stages of growth (SANFORD, 1962) . 
Maintaining leaf colour number 3 does not improve yield (SU, 
1960). Yellow colouring of the leaves has less effect on yield 4 
months before flower induction than when differentiation of the 
inflorescence takes place. By estimating the number or plants 
with colour number 1, it is possible to assess the plant nutri
tional status and to interpret it as a function of plant age (fig. 
55). 

Although the colour of the leaves reflects the_ nitrogen/glucid 
ratio as a function of climatic conditions, the colour also depends 
on other factors. Colour number 1 implies optimum nitrogen/ 
phosphorus relations, as a phosphorus deficiency or an excess 
of nitrogen results in colour number 3, i.e. dark green. The same 
goes for potassium, which is indispensable for the condensation 
of sugars into starch and saccharose, and for the transfer of pro
tein from the leaves to the stem (SIDERIS and YOUNG, 1945). 
For this reason potassium nutrition influences the colouring of 
the leaves in relation with the climatic potential (LACOEUILHE, 
1978 a). 

I.4.1 .3.3.2.-Analysis of the non-chlorophyllous part of the leaf. 

In addition to leaf colour quotation, NIGHTINGALE (1942) 
analyzed the middle third of the basal non-chlorophyllous part 
of the D-leaf. The advantage of this particular sample is that the 
level of water is relatively constant, which means results can be 
rapidly expressed on the basis of fresh matter. In this sample, 
the concentration of sugars is inversely correlated with growth 
and with the concentration of nitrates and potassium (SIDE-
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Figure 55 • M ax imum nitrogen con centration in the mid third of the base 
o f t he leaf as a fun c ti on of growth (NIGHTINGAL , 1942), 

RIS and YOUNG, 1951). Concentration of K, Ca and Mg in 
the leaf usually decrease with an increase in the age and size 
of the plant, whereas the concentration of phosphorus tends 
to increase (SANFORD, 1962; SU, 1960; GLENNIE, 1976; 
DALLDORF and LANGENEGGER, 1976). 

From a physiological point of view, the non-chlorophyllous 
part of the leaf behaves a little like a petiole, i.e. a transit area 
between the leaves and other plant organs. The composition of 
the sample thus reflects the movement of elements within the 
plant and shows extreme sensitivity to the most mobile elements, 
i.e. nitrates, P and K. These migrations are sensitive to daily 
rhythms (SIDERIS and CHAN, 1947) and to quantitative and 
qualitative variations in the soil solutions (fig. 56). The conditions 
under which the sample is taken must thus be recorded (time 
of sampling meteorological conditions). Various norms have been 
put forward for sampling., those used in Australia are quoted 
here (table 23). 
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Figure 56 • Effects of irrigation on concentrations of 
nitrates, P and K in the base part of the D leaf (SAN
FORD, 1962). 
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TABLE 23 - Norms proposed for the mid third of the base part of the D leaf 
(p.p.m./f.m.) (GLENNIE, 1977 b). 
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El ement 
Critical Critical concentration 

Deficie ncy level 
Concentration at flowe r induction 

K ( 1) 3 000 2 700 2 000 
(2) 3 500 3 000 

Mg ( 1) 270 270 
(2) 250 250 

Ca 150 150 

p 100 - 200 200 

(1) exchangeable Kin the soil be low 0.2 m . e .q. o/o 

(2) excha ngeable Kin the soil above 0.2 m . e . q . o/o 

+0 ,10 N% 

0 Q) 
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Figure 57 • Relations between leaf growth and nitrogen concentra
tions (MARCHAL et al., 1970). 
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I.4 .1.3.3.3.-Analysis of whole leaf. 

The chlorophyllous part of the leaf is less sensitive to the 
above-mentioned variations. It is - to quote the expression used 
by LAGATU and MAUME (1930) - the plant laboratory where 
the quantities of minerals present should allow optimum funct
ioning in accordance with the climatic potential. 

The law of nitrogen balance in the whole D-leaf (MARTIN
PREVEL, 1959a) states that any nitrogen that exceeds 1% of 
dry matter can be used by the plant for growth. Variations in 
nitrogen concentration in successive D-leaves can be linked to 
the increase in leaf mass over the same period (fig. 57) (MAR
CHAL et al. , 1970). 

The stock of nitrogen available for growth can be determined 
by the nitrogen content of the leaf, i.e. nitrogen concentration 
times the dry weight of the whole leaf (MARTIN-PREVEL, 
1970; LACOEUILHE, 1971). In this way it is possible to under
stand growth dynamics in relation to nitrogen absorption. Norms 
used for other elements are described below. These can be com
pared with figures given for South Africa (table 24) by DALL
DORF and LANGENEGGER (1978). 

l.4 .1.3.3.4.- Nutritional status and growth of the aerial parts 
of the plant. 

Irrespective of the type of sample used, i.e. the middle third 
of the non-chlorophyllous part (Hawaiian technique) or the whole 
leaf (IRF A technique) , the D-leaf is always used, as it is the only 
leaf that can easily be identified (cf. growth) and provides a 
reliable and sensitive indication of plant nutritional status. The 
D-leaf can also be used to estimate growth, which is indispensable 
for the interpretation of leaf analysis. In order to determine 
nutritional status and growth, a large enough number of leaves 
should be taken to provide a representative sample of the condi
tion of one plot (STEYN, 1959). Alternatively , plots (one per 
35 acres) can be specially maintained for the crop log system 
(SANFORD, 1962). 

The plot logs are also used for checking whether growth is 
normal for the particular site and time of year and that it has 
not been limited by factors that can also affect plant nutritional 
status. Aside from climatic factors , about which information is 
indispensable for the accurate interpretatiol! of results (cf.I.4 .1.1), 
it is also necessary to check the status of the root system, the 
importance of which has already been underlined. 
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TABLE 24 . Norms proposed for whole D leaf as the inflorescences 
appears. Elements in g. or mg per kg of dry weight 
(DALLDORF and LANGENEGGER, 1978). 

Element Norm 

N g/k g 15 - 17 

p g/kg ~ 1. 0 

K g/kg 22 - 30 

Ca g/kg 8 - 12 

Mg g/kg : 3.0 

Zn mg/kg + 10 

Cu mg/kg + 8 

Mn mg/kg 50 - 200 

Fe mg/kg 100 - 200 

11 mg/kg + 30 
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Principle limiting factors are frequently determined by a 
critical examination of the homogeneity of the plots and the 
possible cause of any heterogeneity. 

I.4.1.3.3.5.- Nutritional status and growth of the underground 
parts of the plant. 

The percentage of roots with a white tip (SANFORD, 1962) 
can be used, though this is difficult to assess accurately. The 
same goes for plant resistance to up rooting, · which provides an 
interesting indicatory value, but is not very accurate . However, 
these observations do provide an overall diagnosis of the actual 
status of the root system, which is the result of conditions that 
have governed root development since planting. The observations 
will be even more valuable if accompanied by the examination 
of several different soil profiles from within the plot. 

The soil profile is a set of successive layers of soil that have 
been given individual characteristics through the action of agri
cultural implements, the roots of plants and natural factors 
reating to these influence (HENIN et al., 1969). If the assess
ment is adapted to cultivation techniques used, it should allow 
the condition of the root system to be determined dynamically 
by exposing the physical factors that have played a limiting role 
during the course of the climatic sequence. Since climatic condi
tions determine the environment in which the roots have devel
oped, it ,is possible to identify the conditions ,that have caused 
the plant to suffer as a result of either excess water or too little 
water in the soil. 

Measurements of soil humidity (tensimeter, neutron probe) 
in the generally superficial layer of soil explored by the roots 
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are not very reliable and must thus be made frequently in order 
to be representative. Alternatively, continuous measurements can 
be made and analysed by computer, though this method requires 
sophisticated equipment (COMBRES and PERRIER, 1976). 

The most common way of establishing whether or not water 
is a limiting factor is by keeping records of rainfall and sunshine 
(cf. I.4.1.1.). 

I. 4.1. 3. 3 . 6 . - Parasites. 

The other limiting factors are connected with parasitism. In 
this case, the symptoms, which are frequently very obvious, can 
also occur in an indistinct form. They are much easier to locate on 
the aerial parts of the plant (wilt), than on the roots. They are also 
more easily "identifiable when caused by symphylids than by 
nematodes, irrespective of whether they are endoparasites or 
ectoparasites. Their effect on root activity is extremely diffi
cult to assess accurately. One method, counting the number of 
predators, is only relevant if 1t shows the evolution of popula
tions of parasites. Counting must be carried out frequently in 
order to account for variations between plants, particularly in 
the case of symphylids (cf. I.4.2.3.1.). 

These factors not only directly effect growth, but also influ
ence plant nutrition, the composition of the leaf (fig. 58), and 

mg 
150 

50 
TO T1 T2 

Nematoc1de treatments 

Figure 58 • Effects of nematocide treatments on ni
trogen concentrations in the D leaf at flower induction. 
TO: no treatment; T1 and T2 = treatments of increasing in
tensity, Liquid fertili ze r as sp ray or so li d fertilizer placed in 
leaf axils (LACOEUILHE, 1976). 
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TABLE 25. Characters of the D leaf at flower induction and yield obtained· Effects of nematocide treatments and 
difterent methods of application of the same quantities of N-K fert ilizer. 
(LACOEUILHE and GUEROUT, 1976). 

Fresh Dry Concent rations of mineral e le ments (% D. M.) 
weight matter 

( i n g) (% F.M.) N s p K Ca Mg Total 
cations 

Solid soil dressing 

Without nematocide 58 . 0 13 . 8 J.07 0 .11 0.088 2 . 38 0 . 11 6 o. 157 79.6 
D . B.C. P. 86 . 4 12. 8 J. 40 o. 16 o. 128 2. 81 0 .165 0 . 221 98.4 
DBCP + Phenam i phos 92.] ]2 . 0 I. 61 0. 17 o. 157 3. 17 0.215 0 . 266 113 . 8 

Leaf s pray 

Without nematocide 55. 3 ]3. 1 I. 45 0 . 33 0 . 098 3. 11 0 . ]28 o. 186 IOI. 2 
D.B. C .P . 81. 9 13.0 1. 54 0.33 0. 139 3. 30 0. 170 0.242 112. 8 
DBCP + Phenam i phos 81. 6 I I. 7 1. 90 0 . 36 0. 180 4.08 o. 237 0.295 140. 5 

175 

Yie ld in 
fruits 
(t/ha) 

47 .o 
72. 3 
82 . 8 

39 .0 
73. 3 
79. 0 

the ratio of different elements (table 25 ). Control of nematodes 
using DBCP can reduce phosphorus absorption in relation to 
nitrogen and absorption of calcium and magnesium in relation 
to potassium (LACOEUILHE and GUEROUT, 1976). However, 
fumigation of the soil using bromine by-products reduces the 
concentration of phosphorus in the plant (SANFORD, 1962) 
probably inhibiting mycorrhiza (YOST and FOX, 1979), where
as the concentration of manganese is increased (ENGLERTH, 
1969). Organo-phosphorated systemic nematocides have the 
reverse effect (MARCHAL, 1976) . 

I. 4. 1.3.3. 7.- Diagnosis of main nutritional requirements. 

- Nitrogen. 
The value of the whole diagnosis depends first and foremost 

on the correct assessment of nitrogen nutrition. This can be 
judged by the colour of the leaf and by analysis of the D-leaf, 
but the values obtained must be compared with : 
- standard growth in the locality; 
- the fertilization schedule, where a distinction must be made 
between top dressings and leaf sprays; 
- t he condition of the root system ( qualitative estimate) in rela
tion to the physical condition of the soil, parasites and parasite 
control. 

Leaf analyses made during a large number of fertilization 
trials have shown (MARCHAL, 1975) that the critical mass of 
nitrogen in the D-leaf required at flower induction to obtain a 
fruit weighing 1.8 kg (without crown) is 100 mg. At this value, 
nitrogen is not a limiting factor at flower induction and reserves 
in the plant are sufficient to maintain growth until the flower 
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appears. 
It also implies that plant nitrogen ensures satisfactory growth 

of the fruit and shoots. Absorption of nitrogen from the soil 
is often low from the appearance of the flower until the fruit is 
harvested. Nevertheless, absorption of nitrogen during this period 
has a marked influence on fruit quality, particularly when sup
plies of soil nitrogen are irregular during the completion of ripen
ing (renewed rainfall after a period of drought). The critical level 
of nitrogen at flower induction should consequently be modified 
as a function of potential nitrogen absorption up to fruit matur
ity (availability in the soil and root absorption capacity). 

Thus, nutritional diagnosis cannot be considered as an isolated 
fragment of a complex whole that determines both yield and the 
economic viability of the operation. It should be looked on as 
an a posteriori method of checking the validity of cultivation 
techniques that have been applied, in a context that comprises 
more than just fertilization. On the other hand, nutritional diag
nosis is indispensable for the application of experimental results. 

- Potassium. 
The critical concentration of potassium is much more diffi

cult to determine, for the following reasons: 
- active absorption of potassium continues during the fruiting 
stage. Thus Australian norms are lower for richer soils. Appli
cation can be continued after flower induction ( cf. II. 7.) to 
improve the quality of the fruit; 
- potassium plays an important role in cation nutrition. The total 
concentration of cations in the leaf increases with an increase 
in the concentration of potassium, which in turn has a marked 
antagonistic effect on other cations, i.e. calcium and magnesium ; 
- potassium thus plays a significant role in the metabolic function
ing of the plant, i.e. the opening of the stomata, the transfer of 
sugars and organic acids, etc. 

As early as 1942, NIGHTINGALE was of the opinion that 
when carbohydrates are high (in the leaf) and relatively much 
nitrate is therefore required, additional potassium is necessary 
for the absorption of nitrates above that necessary for other 
functions that potassium performs. 

There is nevertheless a critical concentration for fruit weight, 
which is unlikely to be increased if the concentration of potas
sium in the D-leaf is more than 2. 7% of dry matter at flower 
induction. · 

This is not true of fruit quality, since acidity _in particular, 
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in addition to Brix, is almost always increased by an augmenta
tion in potassium nutrition (fig. 53). Both these criteria, acidity in 
particular, are, incidentally , highly influenced by climatic condi
tions. 

- Other elements. 
All other elements have less influence on growth and yield. 

If they are not to have a limiting effect, they must be present 
in quantities above the critical concentration - this being the 
threshold above which a qualitative and quantitative improvement 
in yield is not to be expected. The level of primary nutrients 
generally decreases with the age of the plant (phosphorus can be 
an exception) , and this fact must be taken into account when 
estimating critical concentration. The most accurate results are 
obtained if analyses are undertaken at flower induction. 

The following values are cited for the whole D-leaf at flower 
induction: 

- phosphorus 
- calcium 
- magnesium 

0.8 % of dry matter (MARCHAL, 1971a)_ 
0 .10 % of dry matter 
0 .18 % of dry matter (MARTIN-PREVEL, 

1970) 

I.4 .1.3.3.8.- Diagnosis of trace elements. 

Deficienty concentrations of trace elements have not been 
determined with any degree of accuracy. As a result of investiga
tions carried out in several different localities, MARCHAL (1971 
b) considers them to be less than 5 ppm for copper and less than 
8 ppm for zinc for the leaf as a whole. However it is well known 
- particularly in the case of zinc - that the best tissue for detecting 
deficiencies is found in very young leaves and in the apex , and 
using these tissues implies destroying the plant. This is why the 
samples listed below are often preferred, as they can also be used 
to analyse this complex situation (MARTIN-PREVEL, 1959 c) : 

- diseased plants in the affected plot 
- healthy plants in the affected plot 
- healthy plants from a neighbouring healthy plot. 
Comparison of the results obtained, if necessary supplemented 

by soil analyses (pH, exchangeable cations) usually allows a 
diagnosis to be made. 

Iron and manganese concentrations are given in table 26. 
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1.4.1.3.3.9.- General review of diagnosis. 

To sum up, plant nutrition is linked to growth and vice versa. 
Diagnosis of growth is indispensable for a diagnosis of nutritional 
status. 

Growth can be determined in mini-plots specially cultivated 
for this purpose and called log plots in Hawaii. Average plant and 
average D-leaf weights can be recorded. Short of this, the weight 
of a large enough number of D-leaves (minimum 25 - 30) chosen 
at random from a homogenous area representative of the whole 
plot will suffice. 

Interpretation of the values obtained is generally carried out 
taking into account the experience acquired at the locality, in
cluding both cultivation techniques and climatic factors. A general 
reference model for growth would be a useful tool, but as already 
mentioned (cf. I.4.1.1.) there are complications involved, due 
to CAM. 

Be that as it may, it is indispensable to examine in turn each 
factor that can have a limiting effect. Of primary importance is 
a general examination of the root system (plant resistance to 
rooting up, percentage of white tips) with respect to cultivation 
techniques (soil profile), climate (distribution of rainfall), and 
parasitism (nematodes,symphylids, white grubs, mealy bugs, etc.). 

The colour of the leaves (and their width) should be recorded 
and interpreted with respect to growth of aerial and underground 
parts of the plant. The most favourable leaf colour expresses 
optimum glucids in the leaf in relation to nitrogen. 

A detailed field study should thus precede leaf analysis. 
Sampling of the whole leaf rather than the basal non-chlorophyl
lous part appears to be more practical for two reasons : 
- reserves of nitrogen available for plant growth can be assessed ; 
- cation nutrition (total and distribution) can be determined as 
critical concentrations are established. Potassium, which has a 
major role in determining quality, must be considered in connec-

TABLE 26 . Concentrations (in p.p.m./d.m.) of iron and manganese in the whole D leaf 
(MARCHAL , 1971 b) . 

Mn Fe F'e/Mn 

Mn deficiency w ith symptoms 29 - 78 500 - 863 Over 10. 5 

Risk of Mn deficiency without 
53 - 130 280 - 1 008 Be twee n 4 & 10. 5 

symptoms 

No symptoms 38 - 700 50 - 590 Between 0.4 & 4 

Iron deficie ncy with symptoms 190 - 1 300 60 - 475 Be low0.4 
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tion with climatic factors. 
Although this sample is not particularly well suited for the 

diagnosis of certain trace elements (and the same is true for the 
non-chlorophyllous part), leaf symptoms are obvious enough to 
allow further investigations to be carried out that have been 
specially designed to that effect. The investigation should prefer
ably be completed by soil analyses. Frequency (approx. every 
2 years) is indispensable for satisfactory control of chemical soil 
fertility. 

1.4.1.4.- The physical environment and the fruit. 
During the formation of the fruit, the plant integrates both 

past and present influences of the physical environment. For 
example, the weight of the fruit is initially determined by the 
number of fruitlets differentiated during flowering and conse
quently depends on vegetative growth (cf. 1.3.4.3.), but condi
tions prevailing during fruit formation influence the increase in 
weight of individual fruitlets. Environmental factors intervene 
either directly, via fruit metabolism, or indirectly, via the metab
olism of the various vegetative organs, and have both quanti
tative (fruit weight, duration of development phase) and quali
tative effects. 

The effect all these factors can have on fruit quality is es
pecially significant, since high quality is one of the main pro
duction objectives. But the term quality is used to cover dif
ferent concepts, some of which are not satisfactorily defined, 
and the significance of each concept varies depending on eco
nomic and human factors . A number of concepts concern the 
organoleptic character of the fruit (Brix, acids, aroma), or its 
suitability for sale or processing (appearance, colour, firmness 
of the flesh, translucence), whereas others are concerned with 
accidents and anomalies that reduce the commercial value of the 
fruit. 

Organoleptic quality is basically determined by the concen
tration of sugar (Brix) and organic acids, both as absolute values 
and in relation to one another. Consumer appreciation increases 
with an increase in sweetness, and a refractory index of more 
than 16 is the main factor in the classification of fruit destined 
for the fresh fruit market (CROCHON et al., 1981). The con
centration of acids, on the other hand , must be within certain 
limits. Too little acid implies the flavour will be insipid and there 
will be little aroma. Too much reduces the sensation of sweet
ness and makes consumption unpleasant. If the fruits are to be 
refrigerated, it should be noted that refrigeration results in an 
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increase in acidity (cf. I.3.5.5.). 
Since the taste perception of these two characters is linked, 

the proportion of Brix to acid must be taken into account. The 
ratio of the refractory index as a% of acid in m.e.q. for 100 ml 
of juice must be more than 1 (CROCHON et al., 1981, which 
means over 1.3 at harvest time if the fruits are to be refrigerated. 
Aside from genetic influences and parasites, fruit quality depends 
mainly on climatic and nutritional factors. 

I.4.1.4.1.- CLIMATE AND THE FRUIT. 

During fructification, the climate affects the metabolism 
both of the fruit and of the vegetative organs of the plant, i.e. 
photosynthetic activity, the mobility of water and assimilable 
elements. 

The filling of the fruitlets and thus the weight of the fruit at 
harvest, and Brix, are primarily determined by the activity un
derway in the vegetative organs. Reserves in the leaves and the 
stem can compensate for insufficient photosynthetic activity 
(SIDERIS and KRAUSS, 1933). Rates of production of carbo
hydrates and the metabolism of organic acids from the differ
ent pathways used for the absorption of CO2 from the atmos
phere (cf. I.3.2.) vary considerably and probaoly have an effect 
on the quantity and quality of elements that migrate from the 
leaves to the fruit . This aspect of plant physiology is, however, 
not well understood. 

I.4 .1.4.1.1. - Temperature. 

The main effect of temperature is on the duration of the fruit
forming stage, which ranges from 150 to 300 days (O'ROURKE 
and GROSSMAN, 1956 ; DODSON, 1968; GAILLARD, 1970; 
DALLDORF et al. , 1975). 

The speed at which the inflorescence develops decreases in 
winter (South Africa, DALLDORF et al., 1975), and also with 
an increase in latitude (Australia, GLENNIE, 1981a), and in 
altitude (Cameroon, AUBERT et al., 1973). 

The interval between flower induction and harvest is shortest 
and most constant in equatorial regions and low altitude locali
ties. In the Ivory Coast it lasts from 21 to 24.5 weeks. The length 
of the first stages is proportionally the most variable (COMBRES, 
1979d) and half the seasonal variations have occurred by the 
time flowering occurs, around the 9th week. This also appears 
to be true as a function of the locality, as there is a mean delay 
of 4 weeks in Hawaii at « true» flowering and of 9 weeks at harvest, 
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in comparison with the Ivory Coast (ROHRBACH and PFEIF
FER, 1976 a). 

The speed of development during the preliminary stages of 
inflorescence development (cf. 1.3.4.2. and 1.3.5.1.) is thus of 
major importance and the primary influence of temperature 
can be linked to its effect on the rate of emergence of the leaves 
(cf. 1.3.3.4.). 

If water is not a limiting factor, fruits harvested during a hot 
period are very well filled and have flat fruitlets, whereas when 
they are harvested in a cold period or at a higher altitude, they 
tent to be less well filled and have prominent, pointed fruitlets 
(COLLINS, 196~) (photo 30). 

The concentration of sugars in the flesh increases with an 
increase in temperature (CHANDLER, 1958 ; COLLINS, 1960) 
and particularly with an increase in the mean air temperature 
in the week preceding harvest (NIGHTINGALE, 1942), as the 
accumulation of sugars is intensified during the period (cf. 1.3.5.). 
When temperatures are high and if water supplies permit, the 
supply of metabolites to the fruit can be very high and can be 
the causal factor of the green ripe phenomenon (cf. 1.4.1.4.3.). 

Temperature is by far the most important factor in the deter
mination of fruit acidity, which varies more than Brix, i.e. from 
5 to 20 m.e.q./ml of juice. 

Pineapples grown at higher altitudes (COLLINS, 1960; 
LACOEUILHE and GICQUIAUX, 1971; AUBERT et al., 1973) 
or during cool periods (GREEN, 1963) are sourest. According 
to CHAN et al. (1973), the difference between the concentration 
of free acids in winter and summer fruits is mainly due to citric 
acid. The concentration of ascorbic acid, which does not affect 
free acids, but is nevertheless directly linked to therm, is subject 
to the same influences of temperature (HAMNER and NIGH
TINGALE, 1946; TEISSON et al., 1979a). 

HAMNER and NIGHTINGALE (1946) and HUET (1958) 
link variations in acidity to variations in air temperature, although 
maximum temperatures appear to have more influence than 
minimum temperatures (TEISSON et al. 1979 a). Changes in 
acids are thus probably due to variations in acid consumption 
during the course of respiratory phenomena (cf. 1.3.5.5.). 

In these circumstances it is more important to consider the 
temperature of the tissues rather than that of the air. The temper
ature of the flesh can attain values as high as 49° C, at an air 
temperature of 31 °C, according to VAN LEL YVELD ( 1957a) 
and 54.5°C, at an ambient temperature of 23°C, according to 
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NIGHTINGALE (1942). Total radiation reaching the fruit plays 
a significant role , and differences in the surface temperature of 
the sunny or shaded side of the fruit can reach 13°C (TEISSON, 
1973d). The heating phenomenon is magnified by the dark 
colour of the shell. Wind can help by providing the fruit with 
ventilation, which increases with an increase in the length of 
the peduncle, although in another connection this character 
may be a disadvantage (cf. I.4.1.4.3.). The fact that winds are 
frequent on islands can partially explain the high quality of 
pineapples grown there. 

The temperature of the fruit also has a direct effect on the 
breaking down of chlorophyll. Cool temperatures promote the 
development of carotenoids, whereas when temperatures are 
high, carotenoids appear at a slower and more uneven rate. Since 
harvesting time is usually decided on the basis of the colour of 
the shell, this effect must be taken into account in connection 
with the negative effect of low temperatures on filling, as other
wise the fruits may be harvested too early. On the other hand, 
when temperatures are high, internal ripening can be further 
advanced than the colour of the shell indicates (photos 45 and 
46), since colouring of the flesh, which is due to carotenoid 
synthesis, is encouraged by high temperatures. At high altitudes 
the fruit flesh remains white. 

Finally high temperatur~s favour the development of aroma 
(HAAGENSMIT et al., 1945; SILVERSTEIN, 1971) , but also 
of translucence and fragility of the flesh (PY and TISSEAU, 
M.-A., 1965). 

I.4 .1.4.1.2.- Water supply. 

A satisfactory supply of water while the fruit is developing 
means photosynthesis can take place at a high rate, and also 
improves the mobility of sugars (SIDERIS and KRAUSS, 1933). 
It also plays an important role in the filling and the weight of the 
fruit (SU, 1961). 

Plants that have received comparable irrigation during the 
vegetative period and then, from true flowering until harvest , 
have their water requirements ( calculated according to variations 
in soil water reserves) fulfilled at different rates, produce fruits 
with marked differences in weight, even in periods with little 
water stress (COMBRES, 1980) (table 27) . 

Slight water stress appears to be less of a disadvantage than 
excess water. Recourse to CAM and plant water reserves on the 
one hand, and root sensibility to excess water on the other, could 



ECOLOGY 

TABLE 27 · Effect on fruit weight of partial fulfillment of water 
during fruit development phase. 

% of requirements m e t be tween 
20 60 

true fl owering & harvest 
100 

Average weight of fruit in g 1 021 1 2 14 1 233 

explain this phenomenon. 
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140 

1 126 

In the case of severe drought, the effect on filling - and conse
quently on fruit weight - is such that at harvest time the fruitlets 
may be just as prominent as in the case of an attack of wilt disease. 
The shell lacks lustre and has corky microfissures and the condi
tion of the crown is not satisfactory. Irrigation improves all these 
conditions, particularly the appearance of the shell (COMBRES, 
1981). 

The effect of the water supply can also be reflected in the 
condition of the peduncle. When the root system is not function
ing properly, or in the case of severe drought, withering of the 
peduncle can occur too early with a resulting reduction in the 
flow of assimilable elements to the fruit . 

Unlike in other fruits, a water deficit shortly before the 
harvest does not increase the concentration of sugars (LINFORD 
and MAGISTAD, 1933). Quite the contrary, if water stress is too 
severe, it can have the opposite effect (TISSEAU Renee, 1963). 

On the other hand, renewed rainfall after a period of drought 
tends to increase the concentration of sugars (MAR TIN-PREVEL 
et al. , 1961) .. 

Water supply has more influence on the concentration of 
free acids (GREEN, 1963) which is low in the case of a water 
deficit (PY and TISSEAU, M.A., 1965) and can be increased by 
irrigation (COMBRES, 1976 and 1980). 

The fact that the water supply has such a marked influence 
on CAM in pineapple and consequently on the metabolism of 
organic acids ( cf. I.3.2.) may indicate the source of its influence 
on fruit quality. 

Too much water increases the fragility of the flesh (GREEN, 
1963). It can result in cellular lesions and the «green ripe» phe
nomenon (GINSGURG, 1953; GROSZMANN, 1948; HUET, 
1953) (cf. I.4.1.4.3.) . Fruits that are harvested during a rainy 
period do not keep well (COLLINS J .L., 1960). 

Water supply also plays a role in attacks by many differ
ent parasites (cf. I.4.2.1.2). 
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I.4 .1.4.1.3.- Sunshine. 

The amount of available light has a marked effect on the 
weight and quality of the fruit, as was demonstrated by SIDERIS 
as early as 1936 (cf. I.4.1.4.1.3.) . 

Shading of the plant and of the fruit during the month pre
ceding harvest results in modifications in fruit characters, which 
vary as a function of the intensity of the shade (cf. table 28) 
(TEISSON, 1979 d). 

The effect shading has on fruit weight and Brix can be as
cribed to a decrease in photosynthesis, and the effect on acidity 
to the temperature of the fruit. In the Ivory Coast, a reduction 
of 66 % of available light from true flowering until harvest, dur
ing a period of intense sunshine, increased free acid from 6.3 
to 15.5 m.e.q. % and ascorbic acid from 364 to 636 µM (COM
BRES, 1976). SINGLETON and GORTNER (1965) found a direct 
correlation between total sunlight 2 to 3 weeks before harvest 
and the concentration of ascorbic acid. GORTNER (1962a) 
also ascribed the inverse relation he observed between malic acid 
in the fruit during development and evaporation, to the effect of 
solar radiation. The delay in the reaction of the plant resembles 
the time lapse required for a modification in CAM (cf. I.3.2.). 

In the Ivory Coast the concentration of free acids can double. 
The maximum concentration is reached during the cloudiest 
months, and some variations are more easily linked to global 
solar radiation than maximum air temperature (fig. 59). 

Partial shading of the leaves can have more effect on Brix 
than on fruit weight (LACOEUILHE , 1976b). The reduction 
in the concentration of sugars caused by an increase in planting 
density is said to be due to a decrease in the light available to 
each individual plant (BARTHOLOMEW and KADZIMIN, 1977). 
By contrast, some authors (SANFORD, 1979) believe that the 

TABLE 28 . Effects on some fruit characters of different degrees of 
shading during the month preceding harvest. 

Control Light s hade Dense s hade 

Fruit wei ght in g 1 520 1 430 1 230 

% Brix 16 . 9 16 . 0 14 .1 

% sugars ( 1 ) 15 . 0 13 . 7 10 . 9 

Titra table acidity 9 . 9 12.0 16 . 7 
% m. e .q. ml 

( 1 ) calcul ated on the basis of the following form ul a : 
% s ugars = Brix - 0, 192 x acidi t y m . e . q . % 
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Figure 59 • Variations in titratable acidity in the juice as a func
tion of the harvest month. Ivory Coast (PINON & COMBRES, 
1981 ). 

comparative richness of ratoon crop fruits is due to the volume 
of the active leaf system, which comprises both that of the shoot 
and part of the mother plant. 

By reducing the temperature of the fruit, overall shading 
can speed up the colouring process of the shell (TEISSON, 1979 
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d) due to earlier breakdown of chlorophyll. However, as a general 
rule , bright sunshine is considered to give the fruit its sought
after lustre. In equatorial regions, where the temperature is high 
but there is less sunshine, the colour of the fruit is considered 
unsatisfactory. 

1.4.1.4.2.- MINERAL NUTRITION AND THE FRUIT. 

Apart from potassium - and unless special supplies are provi
ded (cf . 1.4.1.3.1) - absorption of mineral elements usually stops 
during the fruit development period. Thus, the effect of mineral 
nutrition on the fruit mainly occurs through the intermediary of 
the nutritional status of the plant when floral differenciation 
takes place. 

Nitrogen and potassium are the most important elements and 
must be considered both in relation to one another and in rela
tion to climatic factors. The significance of the two elements is 
shown in table 29, which compares the mineral composition of 
the leaf at floral differentiation and different characters of fruits 
grown in plots located in highly leached ferrallitic soils that have 
been under pineapple over a period of 15 years with or without 
mineral fertilization (LACOEUILHE et al. , 1978 ). 

Aside from a decrease in fruit weight due to reduced plant 
growth , the main result of no fertilization (whose primary effect 
on the mineral composition of the leaf concerns nitrogen and 
potassium) is a reduction in Brix and acidity in the fruit flesh 
and, most important of all, total loss of flavour. 

The final dressings of fertilizer just before floral differentia
tion are extremely important (LACOEUILHE , 1978 a). Table 
30 compares pineapple plants that received varying quantities 
of nitrogen and potassium fertilizer throughout the vegetative 
cycle , with those where fertilization was stopped 4 months before 
flower induction (forcing) during a cycle that was longer, to 
compensate for the effect of the stoppage on fruit weight (TEIS
SON, 1973 a). 

If the nutritional status is unsatisfactory at flower induction, 
the weight of the fruit is reduced in comparison with that of the 
vegetative organs, and the peduncle is long. 

1.4.1.4.2.1.- Nitrogen. 

Nitrogen nutrition is the main factor that determines plant 
growth (cf. 1.4.1.3.1.) and thus the weight of the fruit. Other 
effects are occasionally difficult to dissociate from this effect. 

The diameters of the core and the pecundle increase with 
the supply of nitrogen. The same goes for the length of the pedun-
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TABLE 29 · Effects of mineral fertilization on the mineral composition 
of the leaf and on some fruit characters (Ivory Coast). 

No fertilizer Mi ne ral fertilizer 

Leaf com eosi ti on 

N 0.86 !. 38 
p o. 178 0. 146 
K J.41 3 . 74 
Ca o. 276 o. 167 
Mg 0 .245 0.206 

Fruit characters 

We i ght 667 1 191 
Dry ext ract 14 .1 14. 9 
Acidity 5. 3 7. 1 
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cle, which increases the risk of lodging and consequently of sun
burn (PY and TISSEAU , M.A., 1965). The addition of urea to 
some flower induction agents (cf. II.10) can have a marked effect 
on the latter phenomenon. 

Too much nitrogen can increase the number of double crowns 
and the percentage of collar-of-slips (GANAPATHY et al. , 1977; 
GONZALES TEJERA and GANDIA DIAZ, 1976). 

The most marked effect of an increase in nitrogen on fruit 
quality is a reduction in free acids, as , observed by numerous 
authors (CANNON, 1958a; PY et al., 1957 ; DODSON , 1968; 
GAILLARD, 1970; LACOEUILHE, 1973c; SINGH et al. , 1977; 
KWONG et al., 1966; MARCHAL et al. , 1980). A reduction in 
total soluble solids has also occasionally been noted (MONTE
NEGRO et al., 1967; ABUTIATE and EYESON, 1973; SINGH 
et al., 1977), but in some cases, at least, this effect can be par
tially due to dilution of potassium in the leaf consecutive to 
increased development of the plant (cf. table 31) (MARCHAL, 
1973). These effects combine with those of the climate; thus, 
to prevent too low concentrations of acid in the fruit , the hotter 

TABLE 30 · Effects of different rates of nitrogen and potassium fertilization and of stopping fertilization early . 

Short cycle Long cycle 

Basi c fe rtil i zer Ri c h fer tili zer Basi c fe rtilizer 
Fe r tili zati on s topped 

ear ly 

D leaf a t FIT 

We i ght i n g 49 57 78 
N % d . m. J. 72 2.0 o. 96 
K % d . m. 3 . 71 4 . 15 2 .1 8 

Fruit we ight 1 3 13 1 501 1 4 17 

Lengt h of e:duncle 34 . 6 37.6 37.9 
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and wetter the climate and the less sunshine there is, the lower 
nitrogen nutrition should be. 

Too much nitrogen also increases the fragility and transluc
ence of the flesh, and in favourable climatic conditions, it can 
also increase the risk of green ripe fruits (TEISSON, 1973e; 
LACOEUILHE, 1978 a) (cf. 1.4.1.4.3.). 

Supplies of nitrogen fertilizer after floral differentiation 
are only effective if applied during the 2 months immediately 
following differentiation. In this case , fruit weight can be slight
ly increased, particularly if nutrition was insufficient during the 
vegetative stage, but fruit acidity will be reduced (TEISSON, 
1973a). 

The form in which nitrogen is supplied does not have much 
effect on the quality of the fruit, though nitrates do tend to re
duce acidity and advance the harvest date (LACOEUILHE , 1973 
c) . 

1.4.1.4.2.2. - Potassium. 

The titles themselves of certain articles on the subject reflect 
the tremendous effect of potassium nutrition on fruit quality : 
CANNON, 1967b and SANFORD , 1968. 

An increase' in the concentration of potassium in the plant 
results in : 
- an improvement in fruit aroma and flavour (MAR TIN-PREVEL 
et al. , 1961) ; 
- an increase in the diameter of the peduncle , which increases 
resistance to lodging, but also resistance to an increase in the 
diameter of the core, which reduces, the yield in slices (TISSEAU 
M.A. and TISSEAU Renee, 1971 ; LACOEUILHE , 1973d); 
- less satisfactory colouring of the flesh, which remains white, 
but better shell colour (PY et al. , 1957; TEISSON and PINON, 
1979); 

TABLE 31. Effects of nitrogen on characters of fru it and D leaf at flower induction. 

Rates o f nitrogen/plan t 2 4 6 8 

Mean weight (g) 1 396 1 64 1 1 682 1 820 
Leng h t o f peduncle (cm) 38 . 3 39 . 7 39 . 9 40 . 2 

Di a m e ter o f cor e (mm) 25 . 9 26 . 8 27 . 4 28. 1 
Aci d i t y % m , e,q , 14.5 14 . 1 14 , 1 13 . 2 
Dry extrac t % Bri x 16 . 7 16 . 5 16 . 0 15 . 6 

D leaf --
Wei g ht g 87 94 101 100 
N % d . wei g ht 1. 33 1. 56 1. 76 1. 89 
K % d . wei g ht 4 . 97 4.37 4 . 43 3 . 94 
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- increased firmness of the flesh (PY and TISSEAU, M.A., 1965). 
Potassium's most marked effect is on total soluble solids 

and fruit acidity, which increase with supplies of potassium to 
the plant ( cf. fig . 53 ). This has also been the subject of the most 
studies (CANNON, 1957b; PY et al. , 1957; MARTIN-PREVEL, 
et al. , 1961; TAY et al., 1968; GAILLARD, 1970; LACOEUI
LHE and GICQUIAUX, 1971; LACOEUILHE, 1978a; MAR
CHAL et al. , 1980) . 

The increase in total soluble solids (T.S.S.) can be put down 
to an improvement in the transport of assimilable elements (BE
RINGER, 1978) and in photosynthesis, due to its effect on the 
regulation of the stomata (cf. I.4.1.3.1.7.), i.e. the supply of 
potassium effectively increases the concentration of saccharose 
in the pineapple leaf (SIDERIS and YOUNG, 1954). 

The effect on free acids is even more spectacular and when 
potassium nutrition is unsatisfactory, a doubling of leaf potas
sium (table 32) is accompanied by an almost twofold increase 
in free acidity (GAILLARD, 1979). 

The increase in acidity can go on until the potassium con
centration in the leaf has reached 5% of dry matter (MARCHAL, 
1979; TEISSON and PINON, 1979). Potassium fertilizer applied 
just before floral differentiation has the most marked effect 
(LACOEUILHE , 1978a); when applied during the fruit devel
opment stage, the effect is less marked and less constant, but 
nevertheless it is significant (TISSEAU M.A., and TISSEAU 
Renee, 1971; TEISSON et al., 1979b). 

Ascorbic acid is directly linked to free acid and is subject to 
the same influence of potassium (SU, 1959). An improvement 
in potassium nutrition is one of the most effective ways of pre
venting internal browning (TEISSON et al., 1979 b). 

Potassium appears to be the key element in the composition 
of the fruit, and potassium requirements should be determined 
taking into account other factors that can effect nutrition, and 
in particular climatic conditions and nitrogen nutrition. 

TABLE 32 - Effects on the mineral composition of 
the leaf and on fruit acidity of different rates of 
potassium. 

Ra te o f K20/pla nt % D. M . Ac id it y 
g K N % m. e .q. 

0 1. 7 1. 5 5.9 

4 2.7 I. 5 8 . 6 

8 3 .3 1.4 10. 6 
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There is no critical concentration of potassium in the D-leaf, 
since dry matter and particularly acidity almost always increase 
as a result of an increase in potassium nutrition. Optimum con
centrations consequently have to be determined as a function of 
the locality and the season. In fact, until such time as CAM and 
its consequences are better understood, especially in connection 
with fruit development, decisions have to be made on a more 
or less rule-of-thumb basis. The more conditions there are that 
favour fruit acidity , i.e. low temperatures and limited sunshine 
during the 2 months preceding harvest, the lower potassium 
nutrition should be and vice versa. On the other hand, the higher 
nitrogen nutrition is at flower induction, the higher potassium 
nutrition should be. 

The influence of potassium and cations on yield converges 
with top quality (MARTIN-PREVEL et al., 1961). Concentra
tions of potassium in the leaf must always be above the concen
tration that is critical for yield, in order to guarantee top quality 
fruits as far as aroma, flavour and resistance to slicing and trans
port are concerned. However, in regions with a hot, wet climate, 
which favours high yields and a short cycle, potassium nutrition 
and also potassium-nitrogen relations have to be carefully con
trolled in order to obtain fruits of satisfactory commercial qua
lity. In this case the K/N ratio in the D-leaf at flower induc
tion must be high, i.e. at least 3 ( concentration ratio expressed in 
relation to dry matter). 

Since excessive concentrations of nitrogen have a negative 
effect on fruit quality , it is often considered necessary to increase 
the ratio with an increase in N. 

1.4.1.4.2.3.- Other elements. 

Supplying phosphorus can lead to a decrease in the concen
tration of sugars and in acidity (TAY et al., 1968). It can also 
have a negative effect on fruit flavour (LIN CHIN et al. , 1964). 
However, since phosphorus influences potassium assimilation, 
applications of phosphorus fertilizer to soils deficient in the 
element have the opposite effect (MARCHAL, 1971a). 

An increase in concentrations of ascorbic acid due to an im
provement in phosphorus fertilization has also been observed 
(SU, 1969). 

In contrast with chloride ions, sulphate ions tend to slightly 
reduce fruit acidity (LACOEUILHE , 1978a; MARCHAL et al., 
1980). Chloride frequently has a negative effect on fruit quality 
(SU and LI, 1962), particularly on ·the filling of the fruitlets, 



ECOLOGY 191 

the earliness of flowering and of the harvest (SU, 1961 ; KWONG 
et al. , 1966), as well as on the colour of the flesh (SAMUELS 
and GANDIA DIAZ, 1960). However, these effects have not al
ways been observed (LANGENEGGER and PURDON, 1977), 
particularly if the chloride is only applied at the beginning of 
the cycle (LACOEUILHE , 1978a). There may be a limited ac
ceptable concentration of approximately 1.7% of dry matter 
in the D-leaf (MARCHAL et al. , 1980). 

The influence of calcium and magnesium on, for example, 
fruit aroma, is comparable to that of potassium, which can, to 
a certain extent, be replaced by these 2 elements. Reverse effects 
on, for example, sugar concentrations, can also be observed and 
are probably due to an antagonistic effect (MARTIN-PREVEL 
et al. , 1961). Increased calcium nutrition can also reduce the 
incidence of black spot, perhaps due to the effect on cell walls 
(GUEROUT, 1971). Magnesium deficiency considerably de
creases the concentration of sugars in the flesh (TISSEAU Re
nee, 1967). The beneficial effect of magnesium on the colour 
of the fruit is greater than that of calcium. 

Trace elements no not appear to have any significant effect 
on the fruit except in cases of deficiency. In Hawaii, where iron 
absorption from the soil is limited, spraying with iron sulphate 
can increase fruit translucence (LINFORD, 1934 b). 

1.4.1.4.3.- NON-PARASITIC ACCIDENTS AND ANOMALIES. 

Problems connected with parasites and pests are dealt with in 
chapter 1.4.2. The problems described below currently presum
ed to be either of physical or physiological origin. 

I.4 .1.4.3.1.- Sunburn. 

Excessive heating of the fruit due to its dark colour and to 
the shape of the plant can lead to sunburn whenever the fruit is 
exposed to the direct rays of the sun. A minor sunburn merely 
results in discolouration of the shell and the underlying flesh, 
which becomes more fragile (photos 27, 28 and 29). More serious 
sunburn causes browning of the epidermis and changes in the 
flesh, which becomes translucent . When sunburn occurs early 
in fruit development, malformation can result. Internal cracking 
can become apparent during processing (GREEN, 1963) . 

The most serious cases of sunburn are caused by lodging, 
when the peduncle bends sideways and a large area of the fruit 
is exposed to the perpendicular rays of the sun. Lodging occurs 
most frequently when the peduncle is too long. This can be 
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caused by excessive nitrogen at floral differentiation. Sunburn is 
also favoured by an underdeveloped leaf system and lack of wind. 

I.4 .1.4.3.2.- External and internal cracking. 

Cracks can occur in the epidermis as a result of sudden changes 
in atmospheric humidity just as flowering is taking place (PY 
and TISSEAU M.A., 1965) or due to cold wind (GROSZMANN, 
1948) , or severe water stress (COMBRES, 1981). Deep cracks, 
°which in some cases can be caused by severe water stress (LIN
FORD and SPIEGELBERG, 1933), appear in the core (photo 
31) . 

I.4.1.4.3.3.- Anomalies of the crown. 

Multiple crowns, which can range from 2 crowns to fasciation 
of the inflorescence {photos 6 and 7), depend both on genetic 
factors (cf. I.2 .1.3.) and environmental conditions. They in 
an increase in the size of the core and a flattening of the fruit, 
which is consequently considerably reduced in value, except 
in the case of double crowns. Multiple crowns are due to a mor
phological accident during floral differentiation. Excessively 
high temperatures at this time are said to be one cause (SAN
FORD, 1979), and multiple crowns are more frequent with low 
planting densities (LINFORD and MEHRLICH, 1934) and when 
floral initiation occurs during a dry, sunny period (COMBRES, 
1981). In the latter case, .irrigation reduces the number of fruits 
affected. 

Vigourous growth, e .g. from abundant fertilizer or planting on 
virgin ground, encourages the appearance of multiple crowns 
(LINFORD and SPIEGELBERG, 1933). 

Complete absence of a crown, sometimes but not always 
associated with malformation of the fruit , can also occur. 

I.4 .1.4.3.4.- Green ripe fruits . 

Green ripe fruits are characterized by yellow, translucent 
flesh {photos 45 and 46), and a green skin. 

Initially green ripeness may be considered to be the final 
stage of disjunction between the internal and external ripening 
process. Affected fruits lack acids but are rich in sugars and also 
contain significant quantities of alcohol, which can be due to 
the development of yeasts. The extreme fragility of these fruits 
means they are useless for either canning or export to the fresh 
fruit market. Thus1 the fact the fruits are translucent does not 
have exactly the same consequences as it does when due to over-



PHOTO 41 - Manganese deficiency. (By permis
sion of Lacoeullhe) . 

Mineral deficiencies 3 
(Trace elements) 

and Excess 

PHOTO 40 - Zinc defi
ciency resulting in crook 
neck. (By permission of 
Lacoeuilhe). 

PHOTO 42 - Excess sodium chloride resulting 
from sea mists. (By permission of Py). 

Reproduction courtesy of GERDAT 
(Groupement d'Etudes et de Recherches pour le Developpement de l'Agronomie Tropicale) 

42, rue Scheffer - 75016 Paris, France 



PHOTO 45 - Typical appearance of green ripe 
fruit: the flesh is already overripe whereas the 
shell is only slightly coloured. (By permission 
of Py). 

Physiological abnormalities of the fruit 

PHOTO 43 and 44 - Internal browning of p_ine
apple: 
- scale of intensity; 
- detail of seriously affected fruit. (By permission 
of Teisson) . 

PHOTO 46 - Fruit on left (1 7) : flesh shows all 
characteristics of overripeness (classification: 4/ 4 
yellow). Fruit on right: flesh opaque - this type of 
fruit is particularly well suited for export to fresh 
fruit markets. (By permission of Tisseau) . 

Reproduction courtesy of PENNWALT France-DECCO 
1, rue des Freres Lumieres, B.P. 32 - 78370 Plaisir, France 



PHOTO 49 • Symptoms of controlled in
festation of leaf with P. parasltica. Early 
and advanced stage: basal non-chloro
phyllous part of young leaves. (By per
mission of Mourichon). 

Rot due to Phytophthora spp. 

PHOTO 47 
Phytophthora. 
comelli) . 

Plantation devastated by 
(By pennission of Gia-

PHOTO 48 - Appearance of young plant 
heart rot. (By pennission of Py) . 

Reproduction courtesy of RHONE-POULENC AGROCHIMIE 
14-20, rue Pierre-Baizet, B.P. 9163 • Lyon 09, Lyon Cedex 1, France 



PHOTO 52 - Renewed growth of shoot affected 
by the disease after healing of damaged area. 
(By permission of Hayot). 

Black rot of fruit, base rot of shoot 
(Ceratocystis paradoxa) (Thielaviopsis) 

PHOTO 50 - Rot started in cut section of fruit peduncle. 
(By permlasion of Gtacomellt). 

PHOTO 51 - Damage starting to spread from fruitlet at 
base of fruit. (By permission of Telason). 

PHOTO 53 - Appearance of leaf after mechanical 
damage to epidermis. By permission of Lacoeutlhe) . 

Reproduction courtesy of DU PONT DE NEMOURS INTERNATIONALS.A. 
50-52, route des Acacias - CH 1211 Geneva, Switzerland 
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ripeness, when in certain circumstances - in Hawaii at least - the 
11uits can still be used for the production of whole slices. 

Green ripeness occurs most frequently in big fruits and during 
hot periods (GREEN, 1963). It often starts on the side of the 
fruit that is exposed to the sun, and intense shading generally 
eliminates it altogether (TEISSON, 1979 d). 

In Guinea, green ripeness generally occurs when there is re
newed rainfall after a dry season (HUET, 1953). 

The phenomenon appears to be encouraged by a low K/N 
ratio in the plant, and the higher the nitrogen, the greater the 
effect (LACOEUILHE, 1978a); however, in itself, the factor 
cannot induce the anomaly , but only render the fruit more sens
itive to it (PINON, 1980). 

Green ripeness could due to lesions in the cell walls caused 
by too high temperatures and/ or too abundant supplies of sap 
brought about by a sudden improvement in the water supply 
in a period of intense photosynthetic activity. Moreover SIDER
IS and KRAUSS (1933) link translucency and the migration of 
water and sugars to the fruit , and LINFORD and SPIEGELBERG 
(1933) point out that a too abundant flow of sap can be respon
sible for the deep fissures in the flesh that are sometimes observed 
in very translucent fruits. Cellular lesions can lead to the invasion 
of the intercellular air spaces by cytoplasm, which replaces the 
air and is thus responsible for the fruit losing its capacity. In 
fruits that are translucent but retain their mechanical resistance, 
the air may simply have been excluded from the intercellular 
spaces during swelling without causing the cell walls to burst. 

The inrush of juice into the intercellular air spaces can explain 
the increased density of green ripe fruits . Moreover there is a 
correlation between the density of the fruit and the intensity 
of the anomaly (SOLER, 1982). In contrast to fruits without 
the anomaly , green ripe fruits have a density of over 1. Affected 
fruits can be identified· at the processing centre by floating. 

I.4 .1.4.3.5.- Endogenous brown spot (internal browning). 

Internal browning starts as greyish spots where fruitlets at 
the top of the fruit are attached to the core. The affected areas 
tum brown and spread along the core, and finally the whole flesh 
can be affected (photos 43 and 44) . 

Internal browning is induced by low temperatures, but the 
higher the temperatures, the faster the symptoms develop (TEIS
SON et al. , 1979a). Internal browning is thus favoured by tem
perature extremes. 
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When internal browning occurs in fruits which are still on the 
plant, it is induced by low winter night temperatures, but symp
toms develop when temperatures are higher during the day. This 
phenomenon has been observed in Hawaii (LINFORD, 1932a); 
Mexico (!VANHOFF, 1946); Australia (LEVERINGTON, 
1969); South Africa (VAN LELYVELD and DE BRUYN, 
1976 and 1977); and Tai'wan (SHON KUNG SUN, 1971). 
A temperature of around 12°C is considered to be the maximum 
that will induce the anomaly (LEVERINGTON, 1969; GROSZ
MANN, 1971; SHON KUNG SUN, 1971). In production areas 
where night temperatures remain high, as in the Ivory Coast, 
the anomaly only occurs in fruits for export that have been 
refrigerated and then subsequently exposed to higher ambient 
temperatures (TISSEAU M.A., and TISSEAU Renee, 1971). 

Due to its economic significance, endogenous brown spot has 
been the subject of considerable study in South Africa (VAN 
LELYVELD and DE BRUYN, 1976 and 1977) and after harves
ting in the Ivory Coast (TEISSON, 1977). These authors, after 
MILLER and HEILMAN (1952), link the degree of abnormality 
to a lack of ascorbic acid concentrations sufficient to counteract 
phenolic oxidation. Oxidation is not due to true polyphenol
oxidase, but to peroxidases acting as oxidases (TEISSON, 1977 ); 
these appear after the fruit has been subjected to cold. Refriger
ation also induces modifications in phenolic compounds (DIEU
DONNE, 1977), in particular a compound closely related to 
chlorogenic acid that is involved in the browning process in 
many fruits . Phenolic compounds can act either as substrates, 
cofactors or inhibitors of enzymatic activity . Browning of fruits 
is generally due to polyphenoloxidases and the case of pineapple, 
where peroxidases act as oxidases, is remarkable. It explains 
why the browning process is relatively slow and can be linked to 
problems of auxin regulation in the apex related to flowering 
(cf. I.3.4.1.3.), since the breakdown of AIA is due to the same 
type of reaction (RICARD and NARI, 1966). 

The concentration of ascorbic acids plays an extremely im
portant role and if concentrations are sufficiently high, the de
velopment of symptoms is usually inhibited long enough for the 
fruit to be marketed under normal conditions . Since the con
centration of ascorbic acid is linked to that of free acidity in the 
flesh (cf. I.4.1.4.1.1.), endogenous brown spot induced by refrig
eration is more intense in fruits harvested during a hot, dry period. 
period. 

In these circumstances, all factors that tend to increase fruit 
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activity, particularly an increase in potassium nutrition (LA
COEUILHE, 1978a; TEISSON et al., 1979b), can reduce the 
incidence of internal browning. Another possibility is the se
lection of varieties rich in ascorbic acid , Smooth Cayenne being 
the variety with the lowest concentration of vitamin C. The 
peroxidases that are responsible for phenolic oxidation are high
ly thermolabile, especially in vitro (TEISSON, 1977), and heating 
the fruits for 24 hours at 37°C can reduce subsequent symptoms 
(AKAMINE et al. , 1975) . But the technique is difficult to apply 
and incidentally encourages aging of the fruit, and consequently 
is not used. Storing the fruits in , a controlled atmosphere with 
reduced oxygen also prevents oxidation and the development 
of symptoms, but causes considerable changes in flavour . Coating 
the fruits with wax to reduce gas exchange has no drawbacks and 
is sometimes done (TEISSON, 1979; ROHRBACH and PAULL , 
1982) to limit the development of symptoms, but when internal 
browning is limited, the effectiveness of the treatment is quest
ionable (TISSEAU and SOLER, 1982) . 

1.4.2.- THE PLANT AND THE BIOLOGICAL ENVIRONMENT 

- Diseases. 
- Pests and the damage they cause. 
- Weeds and the effects of competition. 

(Control : cf. Plant protection, II.9 .). 

In this second section on ecology , there is a review of rela
tions of the plant with each factor of the environment that has 
an unfavourable effect on the plant, i.e. diseases, damage due 
to pests, and competition by weeds. For the sake of simplicity, 
environmental factors that have a favourable effect, e.g. mycor
rhiza, are discussed in chapter I.3 .1. Botanical Characteristics. 
However, in the section on nematodes (cf. I.4.2.3.1.1.) , reference 
is made to soil micro-organisms that have an effect on the evo
lution of organic matter. 

A distinction has been made between : 
- diseases caused by fungi, bacteria and yeasts (I.4 .2 .1.); 
- diseases caused by virus and toxins (I.4.2.2.) ; 
- major pests (I.4.2 .3.); 
- minor pests (I.4.2.4.) ; 
- weeds (I.4.2.5 .).-
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These sub-headings are again sub-divided according to the 
part of the plant that is affected. 

Each unfavourable factor is reviewed as follows: economic 
impact; main symptoms of the damages brought about; list of 
biological data concerning each factor; suggestions for controll
ing or at least it limiting its impact. 

The section on plant protection (cf. II.9.) discusses in detail 
the methods of control most frequently applied at the present 
time, these being mainly chemical. However, in the section at 
the beginning of Part II, reviewing the successive stages of work 
in all pineapple plantations, reference is made to certain aspects 
of the control of unfavourable environmental factors. 

Summary tables at the end of Part II, give concise inform
ation on major anomalies found in pineapple, together with 
causal agents, irrespective of whether or not the anomalies are 
caused by parasites. This has been done to help those concerned 
with the practical task of identifying the causes of specific pro
blems. 

The tables have sections dealing with the plant as a whole, as 
well as with each specific organ, by the fruit. 

1.4.2.1.- Diseases caused by fungi, bacteria and yeasts. 

1.4.2.1.1. - DISEASES AFFECTING THE ROOTS AND THE 
STEM (AND CONSEQUENTLY THE PLANT AS A WHOLE). 

l.4 .2.1.1.1.- Diseases associated with Phytophthora spp. (root 
rot, heart rot, top rot, green fruit rot). 

Along with those caused by Ceratocystis paradoxa, this group 
of diseases is one of the most important in pineapple cultivation, 
due to its economic impact and long history . In fact the disease 
can effect 80% of the plants in practically all pineapple produc
ing countries. 

The result is generally either the destruction of the root 
system (root rot), when affected plants do not usually die but 
are unproductive or only produce a small unmarketable fruit, 
or destruction of the stem and the terminal meristem (heart rot), 
which almost always results in the death of the plant (photo 
47). 

Green fruit rot, which has been recorded in Hawaii, is much 
rarer. 
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MAIN SYMPTOMS 

- Root rot - Swamp wilt. 

The deterioration of the root system, which remains invisible 
unless the plant is dug up, causes symptoms in the leaves which are 
mucheasier to see. A common symptom is a change in the co
lour of all the leaves from dark green to yellow tinged with pink 
or red; the leaves lose turgidity, the leaf margins curl outwards 
and the leaf extremity curves downwards. 

These symptoms can be confused with those of mealy bug 
wilt, but in the former the advance of the disease is much more 
progressive and there is no renewed growth, as can be observed 
with wilt. All the leaves are affected and the oldest leaves dry 
out one after the other, starting with the longest. At this stage 
the plants can easily be uprooted and the root system can be 
seen to be almost totally destroyed. This type of attack is gener
ally associated with Phytophthora cinnamomi, but P. nicotianae 
var. parasitica (P .n. va. parasitica) is also capable of destroying 
young roots. 

The disease can attack plants of all ages; if the fruit is not 
completely formed, its development will stop, the fruit will turn 
red and it will be unmarketable . Rot sometimes progresses from 
the roots to the stem and proceeds upwards. Rot of the heart 
results in the death of the plant. 

- Heart rot - Top rot. 

Heart rot can also occur without the roots being attacked. 
In its initial stages, the oldest leaves are normal and only the 
central leaves, younger than the D-leaves, take on a dull yellowish 
to greyish tint and show signs of withering. A gentle pull suffices 
to remove all the young leaves in a bunch from the rest of the 
plant (photo 48). A nauseating odour comes from the rotten area. 
The soft rotting zone is limited to the basal non-chlorophyllous 
part of the leaves and does not affect the green area, from which 
it is separated by a characteristic dark brown to black margin 
(photo 49). Right at the beginning of the attack, the young plant 
displays normal morphology and colouring, but some young 
leaves can easily be removed; the base of the leaves is translucent, 
the odour is merely unpleasant and the black line has not yet 
become apparent. In climatic conditions most favourable for the 
development of the pathogen, this stage only occurs 2 weeks 
after infection. Discolouration of the leaves, which is the first 
visible symptom, generally occurs 4 weeks after infection, and sub-
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sequently the plants dries out anci dies. In the stem, tissue that 
is normally pearly white and opaque is replaced by a soft, spongy 
cheese-like mass. 

Heart rot attacks plants of all ages, but chiefly young plants 
just after planting, particularly affecting crowns , and, to a slightly 
lesser degree, suckers that have been stored. However, there is 
another critical period after artificial flower induction (forcing) , 
when acetylene solution is used. Although the disease can also 
be caused by P. cinnamomi, P. nicotianae var. paratisica is mainly 
responsible for heart rot without preliminary rotting of the root 
system. Heart rot at this stage is more commonly encountered in 
the Ivory Coast than in other pineapple-producing countries. 

- Green fruit rot. 

Green fruit rot is most frequently encountered in Hawaii, 
Australia and South Africa. Hard rot affects the inflorescence 
and young fruits that are not more than half way through devel
opment. The affected area is greyish white and delimited by a 
distinct brown margin. P. cinnamomi is the only pathogen asso
ciated with this disease, which is most frequently seen in ratoon 
crop fruits growing very close to the soil. 

SOME INFORMATION ON THE PATHOGENS 
AND THEIR BIOLOGY 

Taxonomy of Phytophthora spp. is problematic and this 
is why so many different species have been described in connec
tion with pineapple. 

At the present time , according to NEWHOOK et al. , (1978) , 
2 species are involved in pineapple rot: 
- P. cinnamomi in areas located a long way from the equator: 
Hawaii , South Africa , Australia, Taiwan; 
- P. nicotianae var. parasitica, found not only in the above-men
tioned areas, but also in hotter regions with tropical and sub
equatorial climates; Philippines, West Africa, the West Indies, 
etc .. 

P. palmivora, a species closely related to P. nicotianae var. 
parasitica, with which it can be confused, has only been encoun
tered twice in Hawaii (KLEMMER and NAKANO, 1964). In 
Mexico, GARCIA et al. (1972) isolated P. nicotianae var. para
sitica and one other species, which was identified as P. citroph
thora. 

These pathogenic fungi use a wide range of hosts. P. cinna-
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momi causes serious losses of avocado, chestnut, pine, eucalyp
tus, etc. (ZENTMYER, 1980). P. nicotianae var. parasitica is, 
among other things, one of the agents of gommosis in citrus fruits 
(BOCCAS and LA VILLE) . In the Ivory Coast, P. cinnamomi 
has been isolated on the roots of withering avocado trees, but 
has never been found on pineapple, even when pineapple is an 
inter-row crop with diseased avocado trees. 

Free water plays a primordial role in the reproduction and 
spreading of Phytophthora sp .. The zoospores produced by the 
sporangium are mobile, they can swim, and are attracted by sen
sitive organs such as root tips, young leaves, young trichomes, 
etc. (BORER, 1974-1976). Consequently, it is not difficult to see 
why excess water, whether due to heavy rainfall or bad drainage, 
encourages infection with these diseases. It should, however, 
also be mentioned that the sporangium of P. nicotianae var. para
sitica can germinate directly and produce several germinative 
filaments in a liquid environment rich in nutritive elements, or 
even without the liquid stage when relative humidity is near 
saturation. This organism is thus less strictly dependant on the 
presence of free water than P. cinnamomi. 

Both species are normally present in the soil in the form of 
mycelium or chlamydospores (resistant form). PEGG (1979) 
pointed out that in the case of P. cinnamomi, numerous chlamyd
ospores are found in the residues of the preceding crop, and that 
liming increases their number. Chlamydospores of P. nicotianae 
var. parasitica have not been studied in connection with the culti
vation of pineapple. 

One of the most important phenomena in connection with 
infection is sporulation. As early as 1951, ANDERSON proposed 
a trapping technique by which the presence of Phytophthora 
could be determined in the soil or rotten plant organs. Zoospores 
can infect areas without wounds, such as the tips of growing roots, 
or the basal non-chlorophyllous part of the leaves via the young 
trichomes (BORER, 1974-1976) Counting from the inside of the 
rosette outwards, leaf number 7 is said to be the most vulnerable 
(LOUVEL, 1975), but in practice, the 20 youngest leaves are 
sensitive to infection, which develops very rapidly. Two hours 
after contact between zoospores and the non-chlorophyllous 
leaves, the fungus has penetrated far enough into the leaf as to 
be out of reach of contact fungicides (FROSSARD, 1979). It is 
clear that damage of any kind to the roots provides easy access, 
which explains the role of pests such as nematodes, symphylids, 
etc. 
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Sporangia are found in water and are even more abundant 
if the water contains mineral salts (CHEN and ZENTMYER, 
1970). The zoospores are liberated after a shock, which can be 
either a thermal shock, i.e. cooling to a temperature of 15-18°C, 
followed by reheating to 25°C, or an osmotic shock, i.e. when 
the mineral solution is replaced by distilled water (FROSSARD, 
1979). 

Rainfall is this high ly significant in connection with the 
spreading of the disease. It favours contamination and spreading 
of the zoospores by splashing, which throws soil up into the 
heart of the plant. The greater sensitivity of crowns and suckers 
that have been stored is explained by their morphology, which 
allows the zoospores to penetrate deeply between the leaves and 
reach the non-chlorophyllous parts. In the case of crowns, the 
rosette of leaves is spreading and short, and in stored suckers the 
rosette is flat, due to the lack of leaf turgidity. Covering the beds 
with black plastic also encourages rot caused by Phytophthora, 
doubtless because it helps maintain soil humidity. 

- Effect of temperature. 
Since MEHRLICH (1936), authors have observed severe at

tacks by P. cinnamomi (root rot with or without subsequent 
heart rot) in higher altitude areas of Hawaii with cooler temper
atures, and during the cooler seasons (southern winter) in.South 
Africa and Australia. By contrast, P. nicotianae var. parasitica 
is more common at lower altitudes and during the summer in the 
above-mentioned sub-tropical regions and in hot regions (West 
Africa) . HINE, ALABAN and KLEMMER (1964) were able to 
verify in a controlled environment that attacks on roots and heart 
were more frequent at around 30°C in the case of P. nicotianae 

TABLE 33 - Cardinal temperatures for vegetative growth of P. cinnamomi (P.c.) and 
P. nicotianae var. parasitica (P.p.) . 

Spec ies 
Temperatures oc 

Authors 
Minimum Optimum Maxim u m 

RIBEIRO, 1978 
P. c . 5 - 16 20 - 30 30 - 36 
P.p. < 10 30 - 32 > 37 

HINE e t a \. , 1960 
P. c . 9 24 - 27 33 
P.p. 9 30 - 33 37 

BOC CAS & LA VILLE, 1978 
P. c . 5 14 - 28 32 - 34 
P.p. JO 30 - 32 37 

ZEN TM YER, I 980 P.c. 5 - 15 20 - 32. 5 30 - 36 
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var. parasitica and at around 20-25°C in the case of P. cinnamomi. 
In spite of variations due to different methodologies, several 

authors have confirmed in in vitro culture the different tempera
ture requirements of the two species ( cf. table 33). 

It should be noted that th_e optimum temperature for growth 
of pineapple roots is around 30° C (HINE et al. , 1964). 

- Effect of pH. 

It has long been known (LEWCOCK, 1935; KLEMMER 
and NAKANO, 1964) that acid soils (pH below 4 - 5.5) provide 
a less favourable environment for rot caused by Phytophthora 
spp. than neutral or alkaline soils. This phenomenon has been 
confirmed experimentally in the Ivory Coast with P. nicotianae 
var. parasitica using varying degrees of liming. From a pH of 
5.3 upwards, the risk of heart rot is extremely high (cf. table 
34). 

Similarly, it has been determined that the chances of successful 
inoculation with P. nicotianae var. parasitica are much greater 
after any treatment that raises the pH of the solution contained 
in the heart of the rosette of leaves (FROSSARD, 1978a, un
published). The pH, which is usually around 3 - 4 cm, be raised 
by applications of bentonite or of certain solid fertilizers, par
ticularly by using calcium carbide for artificial flower induc
tion, which can bring the pH up to around 11 - 12. 

It is also significant that inoculation through damaged areas 
does not succeed on immature fruits with a pH of from 2.5 -
3.5, but succeeds on inflorescences or on fruits at different stages 
of development when the pH is over 4.5 (MEHRLICH, 1936). 

Results obtained in vitro vary with the author (CAMERON, 
1962; CHEE and NEWHOOK, 1965; FROSSARD, 1979; the 
divergences are doubtless due to the different methods used. 

TABLE 34 · % of plants affected by rot as a function of different treatments (taken 
from experiments conducted by GODEFROY) cited by FROSSARD (1976). 

Treat m e n t s 

1 2 3 4 

Grammes of CaO applie d/pl an t dur ing 
0 25 50 100 

2 s uccessive r e pl an ti ng operations 

p l l 4 . 3 5 . 3 5.9 6 . 9 

E xt r actib le Ca i n m . e . q . 0 . 6 2 . 2 4 . 0 7 . 9 

% o f pl an t s a ffec te d by rot coun te d du r i ng 
3rd r eplan ting opera t ion with no fur t he r 

0 . 5 6 .4 31. 4 36 .S 
appli ca t ion of Cao ( 660 pla•1 t s observed 
per trea t men t ) 

I 
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Optimum growth of mycelium takes place at a pH of between 
6 and 7, but is not insignificant at lower values, and the pH must 
be lower than 4 to inhibit development entirely. Sporulation 
(the formation of sporangium and liberation of zoospores) is 
then also inhibited (PEGG, 1977a; ALLEN and NANDRA, 1975; 
FROSSARD, 1979). Liming promotes the formation of chlamyd
ospores in P. cinnamomi (PEGG, 1979). 

METHODS OF CONTROLLING THE DISEASE 

- Genetic approach. 
Several species of pineapple, including A. bracteatus and A . 

ananassoides, are considered to be resistant to Phytophthora 
spp.. Several CV s belonging to the Spanish group and to the 
Cayenne group (var. «Cayenne Guadeloupe» are considered to be 
relatively tolerant in this respect. However, hybridization carried 
out by COLLINS (1960), with the aim of producing a resistant 
strain, did not result in a CV capable of replacing «Smooth Cay
enne» clones. 

Aside from intrinsic resistance, erect leaves and a closed 
rosette, which prevents thrown-up soil from entering the heart 
of the plant, would be characters to aim for in plant improvement 
programmes (LOUVEL, 1975). 

- Bio-ecological approach. 
Anything that improves soil drainage reduces the risk of in

fection, e.g. subsoling (in certain types of soil), installation of a 
drainage network to collect runoff, cultivation on slight slopes, 
raised beds, etc .. 

The same goes for anything that tends to bring down the soil 
pH, e.g. limiting the supply of Ca, acidification of the soil by 
adding sulphur, etc .. 

In Australia, PEGG (1977a) has shown that acidification of 
the soil by the application of sulphur was due to the presence 
of the soil bacterium Thiobacillus thioxidans. This techniques is 
often recommended in Australia to control P. cinnamomi, by 
bringing the pH down to below 3.8 (there is still a risk of infec
tion at pH 5), but this may have serious disadvantages in other 
connections. 

There is a limit to successful treatment with sulphur. After 
one year, although the soil pH remains at 3.8, the pH in the 
heart of the rosette of leaves and in the leaf axils increases to 5, 
with a similar increase in the risk of heart rot (PEGG, 1977 a). 

According to HINE et al., covering the soil with tarred paper 
( or plastic) could slow down the development of P. cinnamomi 
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in the cooler areas of Hawaii by increasing the soil temperature. 
But it could also favour the development of P. nicotianae var. 
parasitica. The use of « sensitive» planting material ( crowns and 
stored suckers) should be avoided during wet periods. 

As far as rot after flower induction (forcing) is concerned, 
calcium carbide should be replaced by ethylene, or any other 
product that does not bring up the pH. 

Weeds that are uprooted should not be placed on top of the 
pineapple plant to dry , as soil inevitably falls into the heart of 
the plant. 

- Chemical approach. 

Chemical treatment is indispensable in areas where soil and 
climatic conditions are extremely favourable for the development 
of rot due to Phytophthora. Although treatment may appear 
costly, since plants that are attacked are unproductive, prevent
ing infection of even a small number of plants pays for the cost 
of fungicide treatment. 

Chemical treatment must be preventive, firstly because symp
toms do not appear until some time after infection, and secondly 
because none of the fungicides currently available 4re sufficiently 
effective to be used in practice·. 

In the case of root rot caused by P. cinnamomi, treatment 
should be carried out at planting and in addition during periods 
of high rainfall. In the case of heart rot due to P. nicotianae 
var. parasitica, however, treatment can be limited to the two 
key periods: planting, and in some countries, flowering where 
calcium carbide is used as a flower induction agent. 

Two different types of product are currently available that 
provide effective treatment for these different types of diseases : 

- contact fungicides 
- systemic fungicides. 
The latter penetrate very rapidly when applied to the leaves, 

and are thus not very sensitive to leaching. By spreading down
wards throughout the plant, they effectively protect the young 
leaves, the meristem area of the stem and also the roots. When 
applied as a side dressing, the product is absorbed by the roots 
and spreads upwards, protecting the sensitive parts of the plant 
in the same way, but in practice · the latter method of application 
is less practical as well as being less effective, and is consequently 
rarely used in pineapple cultivation. 

Methods of treatment and the main characteristics of the most 
common products currently in use are detailed in the section on 



204 THE PLANT AND THE ENVIRONMENT 

plant protection (cf. 11.9.1.). 

I.4.2.1.1.2.- Diseases associated with Pythium spp. 

- Parts of the plant affected by the pathogen. 

In contrast with species of Phytophthora, the different species 
of the genus Pythium that cause root rct do not affect other 
parts of the plant. 

- Main symptoms. 

Due to deterioration of the root system, plant growth slows 
down considerably; seriously affected plants are stunted, with 
narrow, erect leaves that are faded in colour. These plants are 
difficult to distinguish from plants suffering from serious attacks 
by nematodes. 

- Some information concerning the pathogens and their 
biology . 

In Hawaii, KLEMMER and NAKANO (1964) identified 5 
different species of pathogen in connection with pineapple: 
P. arrhenomanes, P. graminicola, P. splendens, P. torulosum 
and P. irregular, but the first mentioned has proyed to be by far 
the most pathogenic and probably the most widespread. In the 
laboratory, the optimum temperature for growth is 28° C and the 
maximum temperature 38°C. In Hawaii, this species · is encoun
tered just as frequently in areas where Phytophthora nicotianae 
var. parasitica predominates, as in cooler, wetter regions where 
Phytophthora cinnamomi is more commonly found. Whereas 
lesions caused by Phytophthora are more diffuse, those caused 
by Pythium are long and clearly defined, and, in the case of 
P. arrhenomanes, extend along the whole length of the root. 
Pythium is particularly to be feared in wet, heavy soils with a 
relatively high pH and in regions with relatively low temperatures. 
Animal parasites that attack the roots facilitate their access. 

- Metho'ds of controlling the disease. 

The genetic and ecological approaches suggested for the con
trol of Phytophthora are generally also applicable in the case of 
Pythium. 
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I.4.2.1.2. - DISEASE AFFECTING THE AERIAL PARTS OF 
THE PLANT. 
I.4 .2.1 .2.1. Diseases caused by Ceratocystis paradoxa (butt rot, 
base rot, black rot, water blister, white leaf spot, Thielaviopsis 
disease). 

These diseases have been known for many years. In 1931, 
DICKSON et al. pointed out that rot had been causing loss of 
considerable quantities of fruit in Australia for 20 years. The 
same type of rot has been observed in all pineapple-producing 
countries. The pathogenic fungus Ceratocystis paradoxa is a 
wound parasite that can affect all parts of the plant, but the parts 
that are most frequently and most seriously attacked are all types 
of shoots and fruits after harvest. 

Of all pineapple parasites, this organism is doubtless the one 
that can have the greatest economic impact, if not satisfactorily 
controlled. 

The fungus gains access to the plant through wounds that 
have not formed scars, mainly through the wounds caused by 
removing the shoots and fruits from the mother plant, but it 
can penetrate through any type of wound, particularly in the 
fruits via bruises or lesions on the sides caused by any kind of 
pest. Damage is particularly likely to occur to fruits that have 
been stored , and losses have been observed of from 20 to 80% 
of batches of fresh fruit for export. 

Main symptoms. 

- In shoots : suckers, slips and crowns and in young plants 
(Butt rot - Base rot). 

In both cases, the disease takes the form of soft base rot of 
the stem; the parenchymes become black and disintegrate. Only 
the fibres remain, and an empty space can be seen at the base 
of the stem. There is often a pronounced acetic odour. Crowns 
are much more sensitive to attack than other types of shoots. 
Starting from the point of entry, rot can spread throughout 
the stem and cause total destruction of the shoots within a few 
days. These are then easily destroyed. But sometimes shoots 
that have been infected are used as planting material. In this> 
case, the plants do not recover satisfactorie after planting, and 
frequently withering and partial yellowing of the leaves also 
occurs. Unlike the symptoms observed in heart rot caused by 
Phytophthora , the young leaves remain firmly attached to the 
top of the stem, and when pulled, either the whole plant is up
rooted, or it breaks in two at the point where the infection ends. 
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The plant does succeed in putting out roots, and a certain amount 
of growth takes place (photo 52), but only after a delay of several 
weeks in comparison with healthy plants; the result is marked 
heterogeneity, with the usual consequences. This disease has 
been particularly observed in Hawaii (CHO, ROHRBACH and 
APT, 1977). South Africa (KEETCH, 1977a) and in Australia 
(PEGG, 1977b), doubtless due to the high percentage of crowns 
used as planting material. In the Ivory Coast and Martinique, the 
disease has also been observed in suckers that had been stored 
under unsatisfactory conditions before planting. 

- In leaves : White leaf spot (photo 53). 

Although spectacular, these symptoms only occur rarely and 
are generally not serious. White spots with black margins appear, 
fllainly on the longest leaves. The fungus enters through wounds 
caused by pests or by the leaves rubbing against one another; 
the spine at the tip of the leaf is frequently the cause of these 
lesions. Subsequently, the affected area dries out and becomes 
brown. Wet, windy weather encourages the appearance of the 
symptoms. In shoots that have been carelessly handled or stored 
under unsatisfacroty conditions, considerable drying out can take 
place after planting. 

- In fruits : Black spot - Water blister (photos 50 and 51). 

Soft, watery rot occurs in the fruit flesh, which liquifies 
rapidly at ambient temperature (25°C) and gives off a charac
teristic, sweetish, ethereal odour. Subsequently , the black spores 
of the fungus appear, particularly in the core. From the outside, 
juice can be seen oozing through the shell, which collapses under 
the slightest pressure. 

There are two different types of soft rot : 
- rot of the peduncle, which follows infection of the peduncle 
after harvest, and which develops in the shape of a cone with the 
core as the axis and the base of the fruit as the base (FROS
SARD, 1978b); 
- rot of the side of the fruit following' bruising that occurred 
during harvesting. The rot spreads rapidly throughout the area 
round the wound (FROSSARD, 1970). 

In both cases, the disease can be identified by its characteris
tic odour and by pressing the skin. It is encountered in all pineap
ple-producing , countries and is especially likely when fruits are 
being transported over long distances, as is the case when fruits 
are exported to fresh fruit markets. 
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Some information concerning the pathogens and their biology . 

Ceratocystis paradox a, the perfect ascomycetous from of this 
pathogenic fungus, has never been reported on p_ineapple. On the 
other hand,Thielauiopsis paradoxa, the imperfect form , is constant
ly encountered on pineapple. The Hyphomycete produces two 
types of conidia, the first are hyaline and cylindrical and quite 
small (microspores), the second are noticeably higger, brown in 
colour and oval in shape (macrospores) and are responsible for the 
black colour of the rot in the final stage of development. The 
fungus is also responsible for brown rot in sugar cane shoots, 
which is called pineapple disease ,because of the characteristic 
characteristic odour of overripe pineapple (at least according to 
sugar cane planters) . 

Both types of spores remain viable in the soil and in plant 
debris and are always found in any field of pineapple or sugar 
cane. Under cultivation the fungus grows will grow at a pH that 
ranges from 3 to 8 (FROSSARD , 1964) . The pH of pineapple 
juice ( 3 .5-4) consequently does not appear to have a noticeable 
influence on the development of rot caused by Ceratocystis. 

On the other hand , temperature plays an important role. At 
25°C linear progression of mycelium is around 12-14 mm a day, 
both in fruits and in in vitro culture. Optimum temperatures are 
between 25 and 28°C. At 12°C the progress of the mycelium is 
considerably reduced, but temperatures have to be under 8°C in 
order to stop development completely (FROSSARD, 1978 b). 

Hot, wet periods and any other factors that increase the sen
sitivity of the fruit are particularly dangerous. 

Methods of controlling the disease. 

- Genetic approach. 

There are no references in the bibliography to any resistance in 
any of the Ananas genus, not in A . comosus CVs. 

- Bio-ecological approach. 

In order to protect the shoots, efforts should be made to en
courage healing of the wound made when the shoot is separated 
from the mother plant, to avoid rough handling, and, most impor
tant of all, to avoid storing wet shoots in heaps during hot periods 
favourable for development of the fungus. 

Healing is encouraged by drying in the sun and wind . This is 
done by turning the shoots upside down with the base facing 
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upwards on top of the mother plant for a period of 8 to 15 days, 
depending on weather conditions. 

In the case of crowns, this technique is sometimes difficult 
to carry out in practice, especially when harvesting is done with a 
conveyor. The crowns should be removed from the fruit with a 
single stroke, and not twisted, as this leaves fragments of flesh 
attached to the bottom of the crown, which inevitably attracts 
one of the main vectors of the disease : fruit flies (drosophila). 
Subsequently the crowns should be left spaced out on the ground 
until they are gathered up and transported to the planting area. 

In dry periods and periods with little rainfall, these measures 
often suffice and the use of fungicides is unnecessary. 

Protecting the fruits involves a series of measures destined to: 
- avoid creating access portals ; 
- reduce the quantity of ambient innoculum ; 
- reduce the length of time the fruits are exposed to attack by 

the fungus; 
- slow down development in cases where infection has already 

occurred. 
When fruits have to be transported over long distances, these 

measures only suffice in exceptional cases, e.g. when the weather 
is very dry. In other cases, have to be used to protect the fruits 
satisfactorily. 

To avoid creating entry portals, particularly in the case of 
fruits destined for the fresh fruit market, the fruits must be 
handled extremely carefully from the time they leave the field 
right up to the place they are purchased by the consumer, this 
includes along the road to the treatment and packing building, 
and during subsequent transport and distribution. 

A further series of measures is required to reduce the quantity 
of ambient innoculum. The first is to destroy all kinds of plant 
debris (trimmings and rejected fruits), which could serve as host 
for the pathogen and for fruit flies in the proximity of fruit storage 
areas and particularly in the packing plant. 

Considering the thermal requirements of the fungus, the time 
between harvesting and refrigeration must be kept as short as 
possible. Fruits should be refrigerated at a temperature of around 
8° C as rapidly as possible and refrigerated transport should be 
provided at the same temperature (FROSSARD, 1978b). 

When the fruits are destined for canning, there are generally 
only two ways of preventing infection : 

- containers used for transporting the fruits to the processing 
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plant should not be too deep, to reduce bruising the fruit at the 
the bottom; 

- the time between harvesting and delivery to the processing 
plant should be as short as possible, i.e. under 12 hours, and 
should never exceed 24 hours when the weather is warm. 

When fruits have to be transported over long distances, the 
crowns are often left on, which eliminates one of the main means 
of access and also reduces bruising drrespective of whether the 
whether they are transported loose or packed flat in layers. 

- Chemical approach. 

In addition to contact fungicides that have been used for this 
particular fungus for many years, a whole range of systemic fun
gicides have recently become available which belong to the benzi
midazole, imidazole and triazole groups. Methods of use and main 
characteristics of the products together with explanations shout 
which part of the plant is to be treated {shoot or fruit) are given 
in the section on plant protection in chapter 11.9 .2. 

1.4.2.1.2.2.- Fusariosis (Braz il only) caused by Fusarium monili
forme var. subglutinans. 

This disease, which is caused by Fusarium , is basically only 
encountered in Brazil , although it is said to have originated in 
Uruguay or Argentina, where the pathogen Fusarium monilifor
me var. subglutinans was isolated for the first time by CARRERA 
in 1954. However, the pathogen has been found in other parts of 
the world, for example in South Africa and Australia (LA VILLE, 
1980). But in Brazil the disease developed such proportions du
ring the sixties and seventies that by the end of the last decade it 
had become one of the main limiting factors in pineapple culti
vation in Brazil . 

Fusariosis can affect all parts of the plant, but the fruit and 
reproductives organs (shoots) are most frequently subject to at
tack. Both marketable yields and fruit quality are prejudiced 
(CHALFOUN and CARVALHO, 1982).Many Brazilian research
chers have been engaged in studying the problem over the last 
few years. In this book reference is mainly made to the synthe
sis of the study made by LA VILLE in 1980. 

- Main symptoms. 

The disease can be identified in both young and adult plants 
by the curvature of the top part of the leaf apparatus due to 
lateral deterioration of the stem and/ or a squat appearance of the 
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plant as a whole, due to shortening of the stem. The leaves in the 
centre of the rosette tend to become more erect and subsequently 
changes in the formation of the rosette occur thus destroying 
the phytotaxy, and frequently the terminal meristem dies. The 
plant then appears squat and chloritic (PISS ARD, CHAVES and 
VENTURA, 1979) . 

If leaves are pulled out of the affected area a gummy substan
ce will be seen to have accumulated at the base of the leaves. A 
longitudinal section of the stem will show necrosis, proceeding 
from the base upwards, of the parechymatous tissus, which has a 
characteristic odour of rancid oil (photo 54). 

The progress of the disease is extremely slow in comparison 
with diseases caused by Ceratocystis sp. and Phytophthora spp. 

On the fruit, the first signs of the disease can be seen on the 
fruitlets. The number of fruitlets affected varies considerably. 
When the fruit is nearly ripe, the surface of the fruitlet is de
pressed and more deeply coloured than neighbouring fruitlets. 
Subsequently the most characteristic symptoms appear: hyaline 
gum is exuded, which becomes progressively darker in colour 
(photo 57). 

A cross section of the fruit shows the development of large, 
pale brown to brown areas around the affected fruitlets: these 
are more or less translucent and impregnated with liquid gum 
(photos 55 and 56 ). 

When shoots are attacked, irrespective of the type of shoot, 
small patches of brown necrosis are sometimes observed near the 
point of insertion on the fruit peduncle or plant stem. Drops of 
gum sometimes exude from the necrosis. In the most serious 
cases the whole base of the shoot is invaded by a gummy substan
ce. The disease frequently progresses to such an extent that it 
results in the death of the shoot. 

There are marked variations in behaviour, with respect to this 
particular disease, between different CVs (GIACOMELLI, ROES
SING and TEOFILO, 1969). 

- Some information concerning the pathogen and its biology. 

According to BOOTH's classification, the causal agent of the 
disease is Fusarium moniliforme var. subglutinans WR. and 
the conidium stage of Giberella fujikuroi var. subglutinans ED
WARDS, which has not itself been isolated on pineapple. 

In gelose cultur~ optimum growth of F. moniliforme var. 
subglutinans is at 25°C ; considerable growth still takes place at 
30°C, but ceases completely at 35°C. The fungus can adapt to 
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many different kinds of substrate and is able to grow in an acid 
pH of 2 to 3. 

The species is normally considered to be a parasite of the 
aerial parts of many plants (sorghum, maize , sugar cane, mango, 
etc.) but in fact each case appears to involve a specific race, and 
variations in parasitic activity have been observed linked either 
to the locality where the diseased plant was removed, or to the 
geographical region in which it was isolated (LA VILLE, 1980; 
PERRIOT, 1980). Wind and insects are responsible for its dis
persal, but the pathogen can also be present in different types 
of planting material and this is one of the main reasons why the 
disease is so widespread in Brazil (DIANESE , BOLKAN and 
COUTO, 1981). F. moniliforme var. subglutinans can survive 
on plant debris that remains on the surface of the soil or is slight
ly buried, and it shows a preference for old pineapple leaves. 
Since it has no chlamydospores, the usual resistant form among 
some species of the genus Fusarium, it cannot survive in the 
soil for more than 4 months (MAFFIA et al. , 1978; VENTURA, 
1979; MAFFIA, 1980) . High soil humidity does not aid its 
survival (MAFFIA, 1980). 

Like other Fusarium pineapple parasites, F. moniliforme 
var. subglutinans can only penetrate through natural openings 
or wounds. 

Using artificial application of spores in solution, BOLKAN, 
DIANESE and CUPERTING (1978) showed that in the case of 
fruits, infection takes place later and that infection can only 
occur over a much shorter period of time than is true of other 
diseases caused by Fusarium in pineapple (cf. fig. 60). Infection 
is only possible at the exact moment the individual flowers open 
(peak response to artificial infestation under experimental con
ditions took place 11 weeks after flower induction). Using pin
point artificial infestation it is possible to obtain a ring of infest
ed fruitlets that corresponds exactly to the eyelet in full flower 
at exactly the time the application was made. 

Using the same methods, VENTURA et al., (1981) obtained a 
response to artificial application of spores from the second week 
after flower induction. This divergence is likely to be due to the 
effect of animal parasites, against which the latter authors did not 
take action until relatively late. 

Different species of insects that visit the flowers (and partic
ularly the bee Trigona spinipes (AGUILAR and SANCHEZ, 
1982) help disseminate the spores and consequently spread the 
disease. However insects that cause wounds play a more important 
role here, primarily lepidoptera larvae. Among the most wide-
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Figure 60 • Effects ofa single inoculation per spray 
on ' Smooth Cayenne' us ing a suspension of Conidias 
of F. moniliformis var. subglutinans (concentration: 
1 x 106 spores / ml) at different times after flower 
induction (after BOLKAN, DIANESE & CUPERTINO, 
1979). 

spread is the larva of Thecla basilides (GIACOMELLI and PY, 
1981 ; CHOAIRY and FERNANDES, 1983). 

The correlation between the damage caused by Thecla basi
lides and the incidence of Fusariosis is highly significant (0.68 
and 0.83 x depending on whether it is the plant crop or the 
ratoon crop, according to the results of experiments by CHAL
FOUN and CUNHA (1984) (cf. I.4 .2.3.3.) (photos 94, 95, 96, 
97 et 98). 

The adult is attracted by the inflorescence even before the 
first flower opens; it often lays its eggs on eyelets that have not 
yet flowered , or on the slips, which are very numerous on local 
CV s. The larva, which hatches 5 days later, penetrates the tissue, 
thus creating the entry portal required by the fungus (cf. I.4.2.3. 
3.). The shoots can also be infested much later when the accumu
lation of gum filled with spores falls from the fruit. The tiniest 
crack due to growth, for example just near the point of insertion, 
provides access. However infestation can also take place via the 
tissue at the base of the fruit and at the top of the fruit pedun
cle, i.e. internally. Infestation from the soil after the shoots have 
been planted is rare, although it was long believed to play an 
important role. 
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Other species can also be involved, for example coleoptera: 
Paradiophorus crenatus (REIS, R. 1981); Lagria villosa FAB. 
(VENTURA et al. , 1981) (photo 89)°, but Acarida, which were 
long suspected of promoting the development of the disease, 
now appear to have been wrongly accused (VENTURA et al. , 
1980). 

As far as the leaves are concerned, the disease can only develop 
if wounds are located near the base of the leaf in the non-chloro
phyllous tissue, which is especially fragile; in this way the dis
ease reaches the stem. The wound can be due to pests, growth 
cracks, or possibly burns from fertilizer. 

Figure 61, from LA VILLE (1980) clearly illustrates the cycle 
of the disease. 

The influence of climate on the disease is complex. When 
true flowering occurs, it can be favourable to the development 
of the pathogen, while at the same time being unfavourable to 
the development of the animal parasites that aid its dispersal 
and vice versa. 

- Methods of controlling the disease. 

Genetic approach. 

GIACOMELLI (1969) was the first to show different beha
viour on the part of different C.V .s. with respect to Fusariosis . 
Some C.V .s., such as «Ananas Sao Bento», «Huitota», «Roxo 
de Tefe» and «Ato Turi» have proved to be the most resistant , 
whereas « Smooth Cayenne» , «Perola» and «Jupi» are very sen
sitive (SOUTO and MATOS , 1978). 

A series of genetic studies on this subject are underway at the 
«Centro Nacional de Pesquisa de Mandioca e Fruticultura» (Ba
hia, Brazil). 

Bio-ecological approach. 

Plantation management that limits sudden surges of growth, 
and channels production towards months when the disease is less 
prevalent can only be of benefit. 

The introduction of new predators of major pests involved in 
the disease can be envisaged in certain cases . 

Propagation nurseries using pianting material that is strictly 
selected and disinfected (PISSARA, VENTURA and BRAVIM , 
1979; CHAVES , CHOIR Y, 197 9) allow the cycle of the disease 
to be interrupted,but new plantations in which disinfected plant-



MAIN PERIODS OF INFESTATI ON (effect of wind and insects) --i-------,----,---

• • I 

Y --r> 
mergence of 

'- / / lo,esceoce ~~l --+ disse mination of spores 

of Fusarium moniliforme 
subg lutinans 

X ~lanting of 
healthy shoot 

<'.] 
J)\Y 

~ 
0 
0-
tf) 

V
gmwth ~:::::- _ __. 

and O -

development of ' .._ ,... ~// "W q:-/- / z: ____ , ... 

:;;..- - " --~ 

~ V 
ceplant,ng of <,, --- '\ 
infect d 0 - ~ 

/ <7 e shoot 0 -/ V' ' ...... 

V
e,poctof ~ ~-o~ () /~ 
mfectedsh .~~~es,do~') // ~/ oot ~=c_." ~ , " ~~¥------/// 

'- // - __.....,.. ----------
Figure 61 • Diagram showing cycle of disease caused by Fusarium. 

C 
0 
+-' 
co 

+-' 
CJ) 

Q) 
'+-
C 
·-

s 
Q) 

C 

tv 
~ 
,Po-

.., 
:i: 
t'l 

"" t"' 
> z .., 
> z 
t:, .., 
:i: 
t'l 
t'l z 
<! ... 
::i:i 
0 z 
a:: 
t'l z .., 



ECOLOGY 215 

ing material has been used must subsequently be protected during 
the course of vegetation by treating the plants for animal parasites 
and possibly by direct treatment of the pathogen . 

. Chemical approach. 

Direct control of the pathogen with contact and systemic 
fungicides has often produced mediocre results up to now. Ho
wever control of the parasites that visit the flowers and conse
quently help dispersal of the spores and in certain cases (larves of 
lepidoptera) help the fungus penetrate the plant through the 
wounds they has often proved much more effective. 

The impact of the disease can also be limited by preventing 
the flowers from opening with applications of ethephon - a 
method used for other diseases of the fruit that originate in the 
flower (CUNHA, P. DA, 1980) . 

Details of methods of control are described in the section on 
plant protection (cf. II.9.3.). 

I.4.2.1.3. - DISEASES AFFECTING THE FRUIT. 

1.4.2.1.3.1. - Diseases of the fruit caused by Penicillium sp. and 
Fusarium sp. (Fruitlet core rot, Black spot, Leathery pocket, 
Interfruitlet corking). 

The above-mentioned diseases have extremely varied symp
toms, which are either internal or external, but they all have 
the same origin and also have in common the fact they attack a 
varying number of individual fruitlets on the fruit. The symp
toms are: 

- either black spots (fruitlet core rot, eye rot and black spot) 
of varying degrees of softness that extend round the ovarian 
loculi. The economic impact can be considerable depending on 
their development and the number of fruitlets that have been 
attacked. In the case of fruits destined for canning, slices contain
ed spots are discarded, but slices are the highest quality product 
and often the most prof1table product of the cannery. In the 
case of fruits for the fresh fruit market, affected fruits cannot 
be removed before distribution due to the absence of external 
symptoms, but when there are too many spots and they are too 
far developed, the fruit cannot be sold; 

-or the formation of corky tissue in the shell (interfruitlet 
corking) or internally (leathery pocket). These symptoms gener
ally have less economic impact than black spot, although in the 
case of internal symptoms, fruit development can be impaired. 
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MAIN SYMPTOMS 

a) Black spot. 

This anomaly has been known for a very long time (1896 in 
Queensland) in all pineapple,producing areas in the world (GUE
ROUT, 1974a). Fruits of Smooth Cayenne CVs s. generally 
do not show any external sigris of the disease, but in fruits of the 
Queen group in South Africa and of the Perolera group in 
the Ivory Coast, the surface of the fruitlets tends to be depressed, 
affected fruitlets turn yellowish orange faster than neighbouring 
healthy fruitlets, and show signs of senescence at harvest. 

The number of fruitlets attacked on each fruit is extremely 
variable (up to 50% ). More fruitlets are affected at the base of 
the fruit and on big fruits. In the Ivory Coast, fruits affected by 
the physiological disease known as green ripe rarely have black 
spot (GUEROUT, 1974a). 

In Taiwan, affected fruits are opaque and more porous. When 
flicked gently with the finger they have a low sound that can be 
recognized by experienced personnel, who then discard the fruits 
(YOW and WU, 1972). 

In cross section, the ovarian tissue is seen to have changed 
colour. GUEROUT has distinguished between 4 successive stages : 

1) small spots (max. 4 x 15 mm), dark yellow, translucent, 
contrasting with the surrounding opaque flesh of the carpellary 
axis ; , 

2) colour of spots tends towards light brown ; 
3) spots become larger and darker (dark brown), but do not 

extend beyond the tissues of the fruitlet; 
4) brown to black spots spreading to a varying extent beyond 

the tissues of the fruitlet. 
In tangential section ( obtained in the cannery by removing 

the cylinder of flesh) stage 2 and 3 spots can easily be identified. 
In fact only the 3 septa that form an inverted Y separating the 
carpellary locule are brown, -whereas neighbouring tissues are 
white or yellow. These symptoms are practically invisible during 
fruit development, and only appear shortly before maturity and 
continue to develop after harvesting. 

These stages are characteristic of «wet» symptoms, which 
are those most frequently observed. «Dry» symptoms are brown, 
dry carpellary walls, which appear mummified and are often 
covered with white mycelium (photo 59). The spot is clearly 
delimited and does not develop until the fruit becomes over
ripe (GUEROUT, Zoe. cit. ; PETTY, 1977a). 
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b) Leathery pocket. 

Suberification of the walls of the carpellary loculi makes 
them leathery in consistency (photos 60 and 61). 

c) Interfruitlet corking. 

This anomaly results in external suberification between 
fruitlets1 accompanied by extremely fine transverse cracking of 
the sepals and bracts. Occasionally it spreads to the tender parts 
of the flower (petals, anthers) or even to the placenta, and pre
vents the flower from blooming. If several neighbouring fruitlets 
are affected, their development is hampered ar.d the result is 
marked malformation of the fruit. A characteristic symptom is 
the bright appearance of the inflorescence during the final stage 
of true flowering, due to the lack of development of the trichomes 
on the bracts and sepals that normally occurs then. Each patho
gen involved causes maximum damage at specific day and night 
temperatures (ROHRBACH et al. , 1983). 

SOME INFORMATION ON THE PATHOGENS 
AND THEIR BIOLOGY 

The most recent studies carried out in Hawaii, the Ivory 
Coast and South Africa unanimously agree that the various anoma
lies mentioned above are of fungal origin. 

It has been proved that 2 pathogenic species, Penicillium 
funiculosum and Fusarium moniliforme, are involved in the 
different forms the disease takes (ROHRBACH and PFEIFFER, 
1976 a and b; LIM and ROHRBACH, 1980); or more precise
ly, F. moniliforme var . subglutinans,according to the most recent 
data available (ROHRBACH and TONIGUCHI, 1984), which 
may be the reason for certain similarities with the previously 
described disease. 

In the case of interfruitlet corking and leathery pocket. only 
P. funiculosum is involved (REPTON and ANDERSON, 1968; 
ROHRBACH and PFEIFFER, 1976), whereas both could cause 
black spot. However MOURICHON (1982) clearly demonstrat
ed the predominance of P. funiculosum even in black spot in the 
Ivory Coast. 

MOURICHON has shown in particular that the evolution of 
the disease towards one or the other form depends partly on 
exactly when penetration takes place by one or more pathogens, 
and the pathway taken by each. Hawaiian authors have shown 
that the biggest increase in the number of spots is obtained -
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without wounds - by artificial infestation using P. funiculosum 
and F. moniliforme spores between 1 and 7 weeks after artifi
cial flower induction treatment (forcing), i.e. before opening 
of the flowers and anthesis (cf. I.3.1.5.1.). Penetration by the 
pathogenic strain of P. funiculosum can be via the young tri
chomes on the bracts, but F. moniliforme can penetrate before
hand without completely destroying the trichomes. 

Temperature, rainfall and the humidity of the leaves also 
have a marked influence on the incidence of the disease in its 
different forms. In a controlled environment maximum infec
tion is obtained with P. funiculosum when day temperatures 
are 22°C and night temperatures 14°C between emergence of 
the inflorescence in the heart of the rosette of leaves and the 
start of flowering (ROHRBACH and TANIGUCHI, 1984). 

The risk of fruitlet core rot due to F. moniliforme is parti
cularly high when day temperatures are 27°C and night temper
atures 21 °C during the flowering period, which explains why 
the disease is so widespread in Brazil and Honduras (ROHR
BACH and TANIGUCHI, 1984). 

According to MOURICHON (1982) early penetration pro
bably takes place via the nectary ducts, from where the mycelium 
can reach the stylar canal of the axis of the placenta and the 
ovarian loculi (photos 99, 100 and 101). 

In «Victoria» C.V.s., primary penetration is mainly through 
the stylar canals. However, at this stage of development, the 
fruit reacts by forming a corky barrier, which stops the fungus 
at different stages of penetration. This reaction is said to be the 
origin of leathery pocket. Penicillium can thus only continue to 
develop as maturity approaches and the result is the black spot 
form . In «Smooth Cayenne» C.V. s. the latency stage ends 3 to 
4 weeks before fruit harvest, and this corresponds to an important 
stage of fruit development (cf. 1.3.5.2.), in particular an increase 
in sugars. There is thus a direct correlation between the evolution 
of the refractive index and that of black spot. However sugars 
are not the only factors involved, for the evolution of the black 
spot form starts earlier in «Perolera» C.V.s. than in «Smooth 
Cayenne», although the former is less rich in sugars. 

Early penetration is not the only option; late penetration, 
particularly through cracks in• the blossom cup, leads straight 
to the black spot form without the intermediary leathery pocket 
form (MOURICHON, 1982). 

The varied and abundant fauna that frequent the blossom 
cup also appear to be involved in contamination (photo 102). 
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In South Africa the 2 main species encountered there, one 
mite : Steneotarsonemus ananas (LE GRICE and MARR, 1970) 
and the mealy bug, which is primarily responsible for mealy bug 
wilt (Pseudococcus breuipes) , are involved (PETTY, 1978 a). 
The most satisfactory proof is that specific treatment aimed at 
these two species tends to considerably reduce the impact of the 
2 different forms of the disease. This fact was confirmed even 
more recently in Hawaii (ROHRBACH, NAMBA and TANIGU
CHI, 1981 ; ROHRBACH and TANIGUCHI, 1984), where the 
authors believe that the development of the disease depends, 
among other factors , on the size of mite populations just before 
flower induction and during the following 4 to 5 weeks. 

On the island of Reunion (VUILLAUME, 1982) in addition 
to S. ananas, another mite, Thyreophagus putrescentiae , was 
observed and counted along with numerous animal species includ
ding thrips and ants. 

At present it is not clear whether these species merely serve 
as vectors for pathogens, or whether they also aid penetration 
due to the wounds they can cause at the bottom of the blossom 
cup , or by themselves penetrating the natural openings: it has 
been shown that mites can enter the ovarian loculi (MOURI
CHON, 1982). 

METHODS OF CONTROLLING DIFFERENT DISEASES 
OF THE FRUIT FLESH 

- Genetic approach. 

Different degrees of sensitivity to black spot have. been obser
ved among the most commonly cultivated varieties. CV s of the 
Queen group are more sensitive than the Cayenne group in 
South Africa, Reunion and Queensland (Australia). In the Ivory 
Coast the Perolera group is more frequently attacked than 

TABLE 35 . Effects of dressings of lime on black spot in the Ivory Coast (GUEROUT, loc. 
cit. ). 

Quanti t y of Ii me N r of blac k s pot s 
Free acid ity in ju ice % o f fr ui l ie t s 
(m l soda N/ 10 per 

in t/ha spots/fru i l 
10 ml of juice) 

\V i lh C'rfK k S 

0 39 . 0 6.8 96 . 3 

2 . 5 27. l 7 . 6 -
5 25 . 3 7 . 6 -

10 [5.3 7 . 6 90 . 8 
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Cayenne (infected areas are fewer, but bigger and spread more 
rapidly) (MOURICHON). In Hawaii there are also marked varia
tions in sensitivity between CVs; hybrids are usually subject 
to more frequent attacks than parent Cayenne plants, and 
according to which pathogen (Penicillium or Fusarium) is invol
ved. These variations in sensitivity could be used to study the 
disease or diseases, to develop methods of control and for the 
selection of more resistant hybrids. 

- Bio-ecological approach. 

Different measures may be taken to limit the impact of the 
different diseases : 

- the elimination of tree-lined plots, which appears to encour
age certains diseases; 

- improvement in plant water nutrition with the aim of 
reducing the number of cracks in the epidermis of the blossom 
cup, and in mineral nutrition, particularly cation nutrition (Ca 
and K), with the aim of slowing down the development of my
celium in the tissues~ 

- the introduction of predators of the animal parasites that 
facilitate penetration of the pathogen involved, primarily preda
tors of mites, such as Podothrips lucasseni KRUG. 

Spray applications of non-pathogenic strains of P. funiculo
sum (red pigmentation) reduce natural incidence of the disease 
in Hawaii (LIM and ROHRBACH, loc. cit.). This phenomenon, 
which requires confirmation, appears to involve problems in 
practical application. 

- Last but not least, channelling the harvest to periods when 
the incidence of the disease is low. 

- Chemical approach. 

Attempts have been going on for many years to control black 
spot by .aypl~cations of pesticide ( fungicides and/ or pesticides). 
However, treatment was carried out too late and was thus rarely 
effective. 

All studies made in the field in South Africa (LE GRICE 
and MARR, 1979), in the Ivory Coast (GUEROUT, 1974) and 
more recently in Hawaii (ROHRBACH, 1979; ROHRBACH 
et al., 1981; ROHRBACH and NAMBA, 1983), as well as in 
Reunion (VUILLAUME, 1982) indicate that effective control 
of the disease in all its forms is best achieved by control of the 
fauna that visit the blossom cup, primarily mites. 

Early treatment is indispensable, even prior to flower induc-
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tion (ROHRBACH and TANIGUCHI, 1984) and should be con
tinued during the weeks that follow (cf. II.9.4.2.). The addition 
of a fungicide should increase the effectiveness of the treatment. 

On the one hand, more detailed knowledge of the incidence 
of animal parasites, and on the other of the effect of climatic 
factors on the development of the disease should reduce the 
number of treatments required and also enable treatment to be 
preventative (MOURICHON, 1982). 

Another approach that has been tried out experimentally in 
Hawaii is preventing the flowers from opening by applications 
of ethephon. The incidence of the disease is reduced, but there are 
still problems involved and at the time of writing, the treatment 
is still in the experimental stage. 

Acidification of the flesh by large applications of potassium 
reduces the impact of black spot (SERRANO, 1934; THOM
SON, 1932; quoted by GUEROUT Zoe. cit.) . It is also achieved 
by the application of products such as mepiquat chloride (VUIL
LA UME, 1982). In the Ivory Coast, application of calcium resulted 
in a decrease in the incidence of the disease without an increase 
in acidity (cf. table 35). 

I.4 .2.1 .3.2. - Diseases caused by bacteria and yeasts. 

- pink disease 
- fruit collapse 
- bacterial fruit heart rot 
- marbling disease 
- yeasty fermentation 

Little was previously known about these diseases, but recently 
they have been the subject of several in-depth studies (LIM and 
LOWINGS, 1919; ROHRBACH and PFEIFFER, 1975 - 1976 b; 
KONTAXIS, 1978). They are primarily diseases of the fruit, 
frequently without visible external symptoms. All these diseases 
are episodic, and although their long term-impact is small, over a 
short period it can be considerable. 

- Pink disease. 

Pink disease was observed for the first time in Hawaii in 
1915, and has also been reported in Australia, South Africa and 
the Philippines. The slices of pineapple turn brown during the 
sterilization process at the cannery (photo 62). 

As it is seasonal, the disease has a varied impact. In Hawaii 
it does not occur at all in summer, but 50 to 90% of winter 
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fruits harvested, which have translucent flesh and low acidity, 
have been reported affected (BUDDENHAGEN and DULL, 1967) . 
In the Philippines the peak is reached in September, with up to 
40% of fruits affected (HINE, 1976). 

Affected fruits do not show any symptoms even when fully 
ripe. When the fruit has been cut into slices, some slices may 
appear pinkish or light brown; sometimes the discolouration 
is limited to one fruitlet and occasionally there is a smell of ripe 
melon (photo 62). But in most cases (92% in the Philippines), 
the slices appear normal and it is the heating process needed for 
sterilization that changes the colour to the characteristic dark 
brown. It is easy to imagine what problems this causes for the 
cannery, although an in vitro chemical test for rtheluice is avail
able (COLLINS, 1965; KEETCH, 1977). 

Several different bacteria that produce acetic acid have been 
isolated and successfully reinoculated. At the present time the 
following bacteria are thought to be responsible in Hawaii (CHO 
et al., 1978 - 1980 ; ROHRBACH and PFEIFFER, 1976 a) : 

- Gluconobacter oxydans (synonym= Acetomonas oxydans), 
which causes pinkish colouring of the raw flesh and the smell of 
ripe melon that is also reproduced in culture ; 

- Acetobacter aceti, which causes browning of the flesh but no 
smell; 

- Erwinia herbicola (synonym= Enterobacter agglomerans), 
which is the most active and does not produce any symptoms 
before cooking (photo 62) . 

In the Philippines, where the smell of ripe melon has not been 
reported , KONTAXIS and HAYWARD (1978) only mention two 
species : 

- Gluconobacter oxydans, which affects 98% of the fruits 
involved, produces no symptoms before cooking; 

- Acetobacter aceti, which affects the remaining 2% and causes 
pinkish colouring of the flesh before cooking. 

Bacteria are always present in the blossom cup. Pink disease 
occurs when the bacteria· penetrate when flowers are open, which 
is also when nectar is produced. Dilution by rain encourages 
colonization by yeasts and subsequently by acetic bacteria (HINE , 
1976). The disease seems to be particularly widespread when 
rainfall occurs for the first time after a long dry period. The 
bacteria then penetrate the fruitlets via the nectary ducts that 
are not completely closed, or by cracks in the blossom cup caused 
by sudden surges in water nutrition. Insects and mites play a 
significant role in the dissemination of the pathogen. 
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For many years there appeared to be no alternative to accep
ting pink disease once it had been recognised. The only advice 
given was to channel production away from periods of high risk 
and to harvest fruits just before they were completely ripe. A 
certain number of hybrids developed in Hawaii are much more 
sensitive to pink disease than Smooth Cayenne · (ROHRBACH 
and PFEIFFER, 1976 a). Consequently it may be possible to 
improve genetic resistance to pink disease. 

Recently (1978) KONTAXIS obtained spectacular results 
in his attempts to reduce the incidence of the disease by repeat
ed dusting with disulfoton during anthesis. Disulfoton is both 
toxic for, and repellant to, insects and mites. With this method, 
the percentage of affected fruits was reduced from 6 to O .4 in 
the firsts experiment, and from 3.7 to 0.4 in the second. 

- Fruit collapse. 

Fruit collapse is the most serious pineapple disease in the 
Malaysian peninsula. It has not yet been identified in other 
regions, although similar symptoms have been observed in al
most all pineapple-producing countries and are generally put 
down to yeasts (cf. infra) . 

The disease was observed in Malaysia from 1935 on (THOM
SON) and JOHNSTON attributed it indisputably to an entero
bacteria, Erwinia carotovora, which is also responsible for bac
terial heart rot of non-flowering plants in the same plot. The 
pathogenic agent was re-identified in 1972 by LIM as a special
ized strain of Erwinia chrysanthemi .Losses vary greatly and can 
attain 58% of fruits . JOHNSTON (1957a) estimated the mean 
incidence at 10-17% in the State of Jahore, where Singapore 
Spanish is cultivated on peat soil for canning. 

The fruit appear normal until nearly ripe, and then, instead of 
turning orangy-yellow, they become dark olive green and the 
bracts turn dull yellow. An abundant frothy exudate oozes from 
the cracks between the fruitlets at the base of the fruit . Within 
10 days a normal sized fruit can produce 360 ml of exudate 
(LIM, 1978). The flesh appears to be impregnated with water, 
it is coloured greenish yellow and has a characteristic strong acid 
smell. Finally it liquifies completely and only fibrous tissues 
remain inside the shell, and the fruit collapses under its own 
weight (photo 63 ). The slips and the crown remain uncontami
nated. Artificial inoculation through wounds several weeks before 
harvest shows the disease develops very rapidly: 4 days after 
inoculation, 80% of the mass of the fruit is rotten and up to 16 
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• 
ml of exudate can be collected per hour (JOHNSTON, 1957 a). 
When there are no wounds, inoculation only succeeds when the 
flowers are open, and natural infection must take place at that 
time via the stylar canals (LIM and LOWINGS, 1979). 

Insects in general and ants in particular favour the develop
ment of the disease when visiting the flowers. LIM and LOWINGS 
(1982) obtained a highly significant correlation (r = 0 .91) be
tween populations of ants at flowering and the incidence of the 
disease. The distribution of the disease throughout the field 
confirms that ants are involved. In another connection the fact 
that prevention of flowering and of the production of nectar 
results in a marked decrease in the incidence of the disease (LIM 
and LOWINGS, 1979) leads to the same conclusion. 

E. chrysanthemi only survives for a very short time in peat 
soil and drainage water: 1 and 4 days respectively. It can sur
vive for slightly fonger on the leaves of plants ~hat have had 
rotten fruit, i.e. 1-3 weeks (LIM, 1978); the cultivation system 
used in this area, which has plants at different stages of develop
ment growing side by side, could explain the continued presence 
of the bacteria throughout the year. 

Observations made directly (JOHNSTON, 1957a) or ather 
inoculation (LIM , 1971; LIM and LOWINGS, 1979) have shown 
that CVs of the Cayenne group are rarely affected in comparison 
with those of the Queen group, and most of all in comparison 
with those of the Spanish group, which «Singapore Spanish» 
belongs. 

Genetic improvement thus appears to be the most satisfactory 
way to combat this anomaly and should sim at combining the 
tolerance of Cayenne CVs with the local advantages of the 
Singapore Spanish CV. 

Studies by LIM (1978) and KONTAXIS (1978) have shown 
that applications of bactericide and insecticide just before and 
during true flowering can be another satisfactory way of con
trolling the disease. But LIM states that in order to be effective 
in the local context, the period of flower induction should be 
limited to intervals of 120 days, instead of 80 days. Later spray
ing with antibiotics or cupric products produced no results, and 
prevention of flowering with ethephon is costly and problematic, 
considering the risk of flower induction of neighbouring plants 
implicit in the present cultivation system. 

- Bacterial heart rot. 

This disease, like the former, has only been observed under 



PHOTO 56 - Detail of flesh of affected fruit. (By 
permission of Giacomelli) . 

PHOTO 57 - External sign of infected fruit - exuda
tion from one fruitlet, which is usually depressed. 
(By permission of Giacomelli). 

Fusariosis disease 
(Fusarium moniliforme 

subglutinans) 

PHOTO 54 - Affected areas in differ
ent parts of the plant. (By permission 
of Giacomelli). 

PHOTO 55 - Ap
pearance of flesh of 
affected fruit. (By 
permission of Py) . 

Reproduction courtesy of RHONE-POULENC AGROCHIMIE 
14-20, rue Pierre Baizet, B.P. 91,63, Lyon 09 - 69263 Lyon Cedex 1, France 



PHOTOS 60 and 61 - Two stages in the disease 
leathery pocket. (By permission of Mourichon). 

Black spot. 1. Symptoms and damage 
caused (Penicillium sp. and Fusarium sp.). 

PHOTO 58 - Full view of section of fruit whose 
flowers were artificially contaminated. (By permis
sion of Mourichon). 

PHOTO 59 - Detail of severely infested fruitlet (Pe
rolera CV). (By permission of Tei8son) . 

(see also 99, 100, 101 and 102). 

Reproduction courtesy of RHONE-POULENC AGROCHIMIE 
14-20, rue Pierre Baizet, B.P. 9163, Lyon 09 - 69263 Lyon Cedex 1, France 



PHOTO 63 - Longitudinal section of fruit with 
fruit collapse caused by Erwlnia chrysanteml. 
(By permission of Lim.) 

PHOTO 64 - Internal fermentation caused by 
Saccharomyces sp. (By permission of the CltrlU 
and Subtropical Fruit Research Institute, South 
Africa). 

PHOTO 65 - Bacterial rot after damage to the 
shell caused by sunburn. (By permission of Guyot) . 

Damage caused by bacteria 
and yeasts 

PHOTO 62 - Pink disease. The 2 cylin
ders on the left have been affected by 
Gluconobacter oxydans , the 2 on the 
right by Erwinia herb/cola . In each 
pair, the cylinder on the right has been 
subjected to temperatures used for 
sterilization, whereas the cylinder on the 
left has not. When affected by G. oxy
dans , the flesh takes on a pinkish tinge 
before cooking. This is not the case 
with E . herb icola. (By permission of 
Rohrbach). 

Reproduction courtesy of RHONE-POULENC AGROCHIMIE 
14-20, rue Pierre Baizet, B.P. 9163, Lyon 09 - 69263 Lyon Cedex 1 , France 



Wilt disease 1 - Symptoms 
(Dysmicoccus brevipes) 

PHOTOS 66 and 67 - Various symptoms on young and 
adult plants. (By permission of Vilardebo and Teisson) . 

PHOTOS 68 and 69 - Various symptoms on fruits. (By 
permission of Py). 

Reproduction courtesy of SANDOZ S.A. 
CH 0042 Basel, Switzerland 
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the specific cultivation system practised in Malaysia. The symp
toms are similar to those of heart rot caused by Phytophthora 
and appear in plants of between 3 and 6 months of age. The first 
symptom is a change in the appearance of the youngest leaves 
in the heart. The base of these leaves appears to become impreg
nated with water and the chlorophyllous part turns darker green 
than normal. The infection proceeds towards the apex and can 
affect the whole leaf, which becomes dull greenish yellow, but 
its development can also stop, in which case the affected area is 
delimited by one or more characteristic brown to purplish-blue 
bands (JOHNSTON, 1957b). The central rosette of leaves is 
rotten and can easily be removed. The infection spreads to the 
top part of the stem and the terminal bud is destroyed by soft 
rot. Generally the plant is not completely killed and will produce 
lateral buds. 

Bacterial heart rot is caused by the same strains of E. chry
santhemi as fruit collapse. 

Trials made with chemical control by spraying cupric and 
streptomycin products have not produced satisfactory results 
(JOHNSTON, 1957). 

- Marbling disease. 

Less well known than the previous diseases, marbling disease 
is characterized by a lack of external symptoms and the de
velopment of brown or reddish brown hardened areas half way 
between the shell and the core and particularly in the axes of the 
fruitlets. It is easily confused with the 'dry' form of fruitlet 
core rot. 

In Hawaii, ROHRBACH and PFEIFFER (1974) have identi
fied an Acetobacter as the causal agent of the disease . In this 
disease too, the bacteria penetrate the individual fruitlets via the 
sty lar canals and nectary ducts during flowering. 

The incidence of the disease often appears to be linked to a 
sudden change in climate. In Taiwan, a high percentage of fruits 
was seen to be affected 7 weeks after sudden rainfall, which had 
caused a drop in temperature of 10°C in 1-2 hours (YI-LONG 
and YUENG-CHIN, 1972). In South Africa the highest percent
age of cases are observed in spring, in West Africa (Ivory Coast 
and Guinea) when rain falls after a long dry season, and in Mexi
co during the hottest months (LINFORD, 1952). 

In Australia, affected fruits were seen to be low in both acids 
and sugars, but its is not known whether this condition is nec
essary for the development of the disease, or whether it is the 
result (quoted by KEETCH, 1977b). 
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There are also marked variations in sensitivity to the disease 
between different CVs, which suggests genetic improvement 
would be the most satisfactory method of controlling this 
anomaly of the fruit flesh. Chemical treatment with bactericides 
has had limited results up to now. The most commonly recom
mended method of control is to limit production to months 
when the risk of marbling are lowest. 

Fruit marbling attributed to Erwinia ananas was also observed 
in Mexico in 1949 (GARCIA ESPINOSA and ADAM, 1972). 

- Yeasty fermentation . 

This type of disease is encountered in all pineapple-producing 
countries. It attacks the fruits while they are still on the plants 
and also after harvest, during storage. It always appears in over
ripe fruits. The pathogen enters the fruit through any type of 
wound and the disease develops rapidly. Initially there are no 
external symptoms to indicate the presence of yeast inside the 
fruit; subsequently a frothy, sticky liquid oozes out, indicating 
that a considerable proportion of the flesh has already been 
affected by the disease (photo 64). At this stage the shell takes 
on a characteristic brownish tint. In addition to large cavities that 
result from the decomposition of tissues during fermentation, 
bright yellow areas can be seen when the fruit is cut in cross 
sectionj these give off an odour of fermentation that is more 
or less alcoholic. At an even more advanced stage, only the shell 
remains, surrounding a mass a spongy tissue (KEETCH, 1977c). 
The colour of the shell and the smell of alcohol make this type 
of rot easy to distinguish from fruit collapse in Malaysia. 

Several different species of yeast can be responsible for fer
mentation_, but the most frequent is Saccharomyces. 

The disease only appears sporadically on fruits that have not 
yet been harvested. Risks are highest when the weather is both 
extremely hot and very humid after a long, dry period. The sud
den change in the water supply favours the development of growth 
cracks, and at the same time these conditions favour the devel
opment of the pathogen. In West Africa in particular, incidence 
of the disease has been observed after abundant irrigation of 
plants bearing nearly~ripe fruits that had previously suffered se
vere water stress. This risk can be limited by providing a regular 
water supply. 

As is true of diseases caused by penetration of the flowers 
by Penicillium sp. and Fusarium sp., the only method of achiev
ing results is by control of the vectors (cf. II.9). 
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1.4.2.2. - Disease caused by virus and toxins - Diseases affecting 
the whole plant. 

I.4.2 .2.1. - YELLOW SPOT. 

Yellow spot is due to a virus found on weeds transmitted to 
cultivated plants by thrips. It affects fruits in particular. 

The disease can cause considerable losses in yield, especially 
in plantations where crowns have been used as planting material, 
mainly in Hawaii, (where the disease was discovered in 1926 on 
the island of Oahu) the Philippines, Australia (LEWCOCK, 1937) 
and South Africa (KEETCH, 1977d). 

However, the disease has lost most of its impact since planta
tions have been kept weed free. It has not been reported in West 
Africa, where the majority of plantations use suckers as planting 
material. 

Main symptoms. 

- In young plants: the first sign of the disease is the appear
ance of small, round spots (2-15 mm), yellowish in colour (hence 
the name of the disease) on the adaxial surface of the leaf (COL
LINS , 1960) . Fusion of the spots and elongation towards the base 
of the leaf leads to the formation of streaks of the same colour 
and necrosis soon occurs (photo 74). The infection spreads from 
the affected leaf to the young leaf immediately above via the 
point of insertion on the stem, and gradually approaches the 
heart of the rosette of leaves and the terminal meristem. This 
initially causes the plant to bend over sideways, which is a char
acteristic symptom of the disease. Several weeks later, the plant 
dies. 

A cool, damp environment is particularly favourable to the 
development of the disease (LEWCOCK, 1937). In hot, relative
ly dry areas it occurs less frequently, which partially explains 
why it is not considered economically significant in production 
areas at low altitudes near the equator. 

- In fruits: the disease takes different forms. When infection 
starts in the crown (which then shows the same symptoms as 
those described in young plants), necrosis proceeds from the top 
of the fruit downwards. The top can be affected by rot due to 
secondary pathogens, while at the same time the crown dries out 
completely (photo 7 5 ). 

When the infection starts in the fruitlet at flowering, the 
affected fruitlet develops slowly, turns a yellowish colour, then 
brown and finally necrosis sets in. The disease can spread to 
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neighbouring fruitlets. The surface of the developing fruit becomes 
depressed resulting in a curved fruit. Generally a crown does not 
develop . A cavity of varying depth with dry walls and dark colour 
can develop inside in fruit, unless secondary infection takes place 
as a result of the cracks that appear due to alterations in the 
epidermis. 

Some information on the agents and their biology. 

The yellow spots on the leaves and the malformation of the 
ovaries correspond to the feeding points of thrips, which transport 
a virus identical to that found on tomatoes (responsible for 
tomato spotted wilt) (SAKIMURA indicaded by AUBERT, 1980). 

Four different species have been recognized as vectors of this 
disease, two of which are in South Africa (PETTY, 1978b). 

- Thrips tabaci Linderman) 
- Frankliniella schulzei (Trybom) 

and two in Hawaii (SAKIMURA, 1966):· 
- Frankliniella occidentalis (Pergandi) 
- Frankliniella fu sca (Hinds). 
Females of T. tabaci are common, whereas males are rare. 

Reproduction is pathogenic. The adult is yellowish in colour and 
measures 1.5 mm long, with long, clearly striped wings. It is cov
ered with fine, long hairs . 

F. schulzei can be distinguished from the above-mentioned 
species by several anatomical characteristics (PETTY, 197 8 b) . 

As with all species of thrips parasites, the eggs are laid within 
the plant tissue. They hatch after between 5 to 10 days and the 
larvae pass through 4 successive stages over a total period of 15 
to 30 days. The larvae pick up the virus by eating infected plant 
tissue (which survives successive moults) and the resulting adult 
is capable of transmitting the disease. However, adults that do not 
develop from larvae that are carriers of the virus do not acquire 
the capacity to transmit the infection simply by eating infected 
material (LINFORD, 1932b; SMITH, K.M ., 1973) . 

According to SAKIMURA (1962) (quoted by SMITH, K.M.) , 
an interval of at least 15 minutes is needed for the thrips to 
acquire the capacity to transmit the infection and an incubation 
period of 4 to 18 days, depending on the species of thrips, is re
quired before the capacity to infect develops. 

The virus has a large range of plant hosts among both mono
cotyledons and dicotyledons (SMITH K.M., 1973). 

Among the weeds most commonly found in pineapple fields 
are the following : 
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- Emilia sonchifolia 
- Emilia sagittata 
- Bidens pilosa 
- Datura stramonium 
But tobacco and many species of vegetables and flowers can 

also be hosts : tomatoes, aubergines, certain types of green beans, 
peas, potatoes, etc .. 

Possible approaches for control of the disease. 

Not using crowns as planting material considerably reduces the 
risk of infection. The same is true if host plants are not planted 
in the surrounding area, especially not as inter-row crops. One 
of the main preventive measures consists in keeping plantations 
completely weed free (cf. II.9.6.). Destruction of weeds infested 
with thrips can result in a temporary increase in incidence due to 
the fact the thrip vectors may move to pineapple plants before 
the weeds are removed (SAKIMURA, 1966). 

Direct control of thrips has proved unsatisfactory, as they 
are so easily carried by the wind. Biological control was attempted 
in Hawaii by the introduction of a wasp, Thripoctenus brui. 

I.4 .2.2.2. - WILT DISEASE CAUSED BY DYSMICOCCUS SPP. 
(ATTRIBUTED TO A LATENT VIRUS) . 

Little is known about the true nature of the disease. It is 
directly linked to the feeding habits of 2 species of bugs : (Dys
micoccus spp.) which, though not themselves dangerous to pineap
ple, cannot be dissociated from the disease. 

Symptoms appear successively, first affecting the root system, 
followed by the leaf system and finally the reproductive system. 

Economic impact 

Wilt is widely distributed throughout the world. The number 
of plants affected in any one plantation varies considerably. It 
not infrequently attacks more than 50% of plants. If the plant 
nevertheless produces a fruit, it is generally unusable, and con
sequently yield losses can be very high. 

The existence of this disease means producers in countries 
where labour costs are high have to invest in heavy equipment 
for the application of products, which increases production costs 
and implies a number of other constraints that have to be consid
ered in detail when choosing plantation sites (cf.11.2). 
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Main symptoms 

In 1933 CARTER defined 4 stages in the development of the 
disease in adult plants belonging to Smooth Cayenne CV as 
part of a comparison with wilting due to drought (CARTER, 
1933). The stages can be summarized as follows (photos 66 and 
69). 

Stage 1. 
Bronze to red colour appears on leaves of the 3rd of 4th 

whorl (starting from the heart), the leaf margins curl downwards 
towards the under-surface of the leaf, but tips remain erect. 

Stage 2. 
The colour of the leaves tends to bright pink or yellow; leaves 

lose turgidity, the tips turn brown with patches of necrosis; 
occasionally tips curve downwards towards the soil. 

Stage 3. 
The leaves of the 4th and 5th whorl curve outwards; the leaf 

margins take on a yellow tint, whereas the central part turns 
bright pink; tips tend to curl. 

Stage 4. 
The youngest leaves are upright but lack turgidity. The tips 

of the majority of other leaves are curled, more or less withered 
and coloured pale i brown; leaves that remain green are dull with 
sparse yellowish patches. 

Before the appearance of these symptoms, there has been a 
modification of the root system that is extremely difficult to 
detect when the plant is uprooted. If the plant has been infected 
by a sexed strain of one of the 2 parasites, green spotting occurs 
on the leaves. This corresponds to the feeding areas of the bugs 
(LIM , 1972) (photo 70). The spots occur 5 to 12 days after feed
ing has started and indicate mealy bugs are present, but plants 
with these symptoms are not necessarily infected with the disease. 
When leaf symptoms appear in plants that only recently differen
tiated their inflorescence, the inflorescence progressively dries 
out and is incapable of producing a marketable fruit . If the disease 
appears later, i.e. 1 or 2 months before harvest would normally 
take place, filling of the fruitlets stops and the fruitlets remain 
prominent and the flesh is fibrous and sour. The fruit has prac
tically no market value. 

When young plants are attacked, the plant renews growth 
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after a number of months if environmental conditions are fa
vourable. Then new leaves appear and push older leaves showing 
symptoms of the disease towards the outside. In this case, the 
plant is on the way to recovery, but since leaf development at 
flower induction ( only counting functioning leaves) is considera
bly less than in neighbouring healthy plants, affected plants only 
produce a smaller fruit, which consequently has less market value 
than usual (photo 68 and 69) . The 'healing' process is only set 
in motion if the plant has the necessary mineral elements at its 
disposal (in particular nitrogen) and if it is irrigated in the case 
of drought. 

In contrast to wilting caused by drought, wilting caused by 
mealy bugs is usually rapid (hence the common use of the name 
'quick wilt' ) and is not linked to the soil. In fact there are no 
zones in which all the plants are wilted to more or less the same 
extent, surrounded by concentric rings of plants with gradually 
decreasing symptoms; instead isolated plants or small groups of 
plants are affected with neighbouring plants that are apparently 
healthy, which naturally results in marked heterogeneity (photo 
71). 

The symptoms, how long they appear after infestation, their 
intensity and development depend on a number of factors, in 
particular : · 

- factors connected with the mealy bugs ; 
- factors inherent to the plant: age of the plant, variety, etc.; 
- factors connected with the enrivonment (climate). 
There is an 'incubation' period between infection and appea

rance of symptoms that can vary considerably in length. 
In Hawaii, CARTER (1939), in an experiment under condi

tions that were favourable for the development of the disease, 
showed that root growth was affected from the 42nd day, after 
controlled infestation, but that the first symptoms did not appear 
until between the 63rd and 82nd day (the period during which 
symptoms develop could last up to 295 days) (CARTER, 1945). 
The length of the latency period between infection and the 
appearance of the first symptoms depends on : 

- the age of the plant; under conditions found in Guinea the 
latency period for 5-month-old plants was 2 to 3 months, 
and for 9-month-old fed; , 4 to 5 months (VILARDEBO, 
1955) ; 

- how long the mealy bugs fed ; 
- the number of mealy bugs involved. 
The 'effect of mass' , is clearly seen in table 36, after LIM 



TABLE 36 - % of plants affected by wilt as a function of the number of mealy bugs per plant 
(CARTER 1937) . 

Total number of m ea l y b ug s 
used for e xperi men t 

120 600 1 200 3 000 6 000 

Number of mea ly bugs/plant 1 5 10 25 50 

% of plan t s affected by wilt 5 17 19 59 66 

TABLE 37 · Effects of controlled infestations of mealy bugs on leaf and root characters of 5 months old plants grown from leaf cuttings 
Measurements taken 110 days after infestation (LIM, 1972). 
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(1972). 
Table 37, which is complementary to table 36, also shows 

variations in intensity of the effects of the disease. 
The incubation period is the reason why GUEROUT (1972), 

using shoots that were apparently healthy when harvested from 
a field that had not been treated for the disease (and was conse
quently quite seriously infested), obtained, over a period of 24 
weeks, the same number of infected shoots from a batch that was 
disinfected before planting and treated regularly afterwards, as 
from a batch that was planted at the same time and not treated 
in any way. During the 60 weeks that followed, however, the 
author noted 10 times many cases of wilt among the untreated 
batch as in the treated. 'Early wilt', which appears in spite of 
insecticide treatments, is the external symptom of the disease 
induced by mealy bugs feeding on the mother plant or on the 
shoot when it is still developing on the mother plant. 

On the other hand, the location of the mealy bugs can have 
a limited effect on the symptoms of the disease (LEE, 1968), 
but there are said to be big differences in sensitivity between 
plants (CARTER, 1937) that account for the marked variations 
is symptoms in the experimental results. 

Climatic conditions also have considerable influence on the 
symptoms of the disease. These are usually very noticeable in hot, 
sunny regions (or periods) and often much less noticeable in cold, 
cloudy regions (or periods). The pinkish tinge often does not 
appear at all, and loss of turgidity is sometimes limited ; instead 
the leaves turn yellowish with brownish spots and finally develop 
necrosis. 

If mealy bugs infect the plant just before a period that is not 
particularly favourable to the development of symptoms, these 
can appear much later, when environmental conditions again 
become favourable (VILARDEBO, 1955). The length of time 
symptoms last can also vary considerably. In the eastern Ivory 
Coast, where there is relatively little sunshine, growth only stops 
for 6-8 weeks, whereas absence of growth lasts much longer in 
central regions, which are much sunnier (GUEROUT, 1972). 

Some information on the species of mealy bugs responsible 
for wilt, their biology and their relations with different 

species of ants 

Two species of Homoptera Pseudococcines of the genus 
Dysmicoccus have been recognised as causing wilt: 
- Dysmicoccus brevipes (CKE), strictly parthenogenetic in Hawaii, 
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but a sexed strain has been reported in West Africa (BEARDS
LEY, 1965), the Antilles, and in Malaysia (LIM, 1972). 

- Dysmicoccus neobrevipes (BEARDSLEY), which can be dis
tinguished from the former species by different morphological 
and physiological characters, and is sexed , until now it has 
has only been reported in Hawaii. 

The former species ( of which the parthenogenetic strain does 
not cause green spotting, whereas the sexed strain does) can easily 
be recognized by the pink colour of the female. It is found on 
many different host plants. On pineapple, colonies are most fre
quently found round the collar of the plant (at the base of the 
under-surface of the leaves). 

The female of the second species ( of which only a sexed strain 
has been encountered) can also cause green spotting. It is typically 
grey in colour and is found at the top of the young leaves in the 
heart of the rosette of leaves. 

Adult females of both species measure approximately 3mm 
long and 2mm across. They are covered with a waxy layer that is 
secreted by the insect and more or less masks the colour of the 
body. The males have wings and are tapered in shape. 

According to PETTY (1978 a), the asexual female of Dysmi
coccus brevipes moults an average of 3 times in 34 days at a tem
perature of 23°C and starts laying 27 days later. After 25 days 
of laying the female has engendered an average of 234 descendants. 
The female lives an average of 90 days. At a similar temperature 
the sexed female lives a little longer (95 days) and has a few more 
descendants (average 250) .Females that have not been impreg
nated live an average of 148 days and the male lives 37 days. The 
sex ratio of the sexed strain varies considerably depending on 
environmental conditions (REAL, 1959), and there can be a 
marked difference between populations found under natural 
conditions and populations bred under experimental conditions, 
so the demographic mechanism of the species is very complex. 
Under certain conditions, populations suddenly decrease as a 
result of a rapidly decreasing survival rate , but under other condi
tions there can be a population explosion due to insects that 
remain in the dormant second stage. In the Ivory Coast this 
occurs when maximum temperatures stay between 30 and 31.5°C 
and daytime humidity is between 61.5 and 64.5%, these being 
the ideal conditions for a population explosion (REAL, 1959). 

Under favourable natural conditions and in the absence of 
treatment, the mealy bug is always found in colonies of various 
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sizes and this has enabled researchers to develop a scale of infes
tation for use in field experiments (VILARDEBO and GUE
ROUT, 1966. The colonies are generally found between 2 super
imposed leaves at the base of the plant. Apart from this preferred 
location, they may also be found under shelters made by ants in 
the earth or in plant residues (without which the mealy bugs 
cannot survive). Ants live in direct symbiosis with mealy bugs 
(photos 72 and 73) , and the association benefits both. The ants 
protect the mealy bugs and remove the honey-dew secreted by the 
latter, which they use as food . 

In the absence of ants , the larvae are hampered by the honey
dew, which is moreover rapidly invaded by different types of 
pathogens (PETTY, 1978 a). RAI and SINHA (1980) noted that 
15 days after the ants had been destroyed, the shelters they had 
built collapsed and 3/4 of the mealy bugs sheltering in them 
perished. In Hawaii BEARDSLEY et al. , (1982) demonstrated 
that there is a positive correlation between the number of ants 
present and the percentage of plants infected by mealy bugs. 
Ants help the bugs move from one part of the plant to another 
and from one plant to another, depending on the amount of food 
available for the mealy bugs on the part of the plant or the plant 
concerned. The plant becomes unsuitable as a source of food 
even before symptoms occur, and, with the help of the ants, the 
mealy bugs move to a neighbouring plant that is more turgid. 
This promotes the spread of the disease and explains why rela
t ively few mealy bugs are found on wilted plants; they are 
generally on neighbouring, healthy looking plants. 

However, migration can range much further than this. REAL 
(1959) followed the progress of a population of mealy bugs in 
the Ivory Coast in an untreated plantation (the bugs had come 
from a neighbouring infested area) and found they travelled 
125 m in 9 months. BEARDSLEY et al. , (1982) confirmed 
that this type of infestation can take place from fields that have 
not been properly maintained and consequently recommends 
treating the edges of neighbouring fields that are only unsatis
factorily maintained, or not maintained at all. Populations of 
ants and of mealy bugs are directly linked to the phenology of 
the plant during the first cycle . 

When there are no ants present, mealy bugs move around 
much less, and for this reason the appearance of the disease 
can be quite different. It is typical to see patches of infected 
plants when ants are present, whereas in the absence of ants the 
disease is more scattered and the presence of isolated affected 
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plants is typical (CARTER, 1960). 
The most widespread species of ant found in pineapple plan

tations is Phei'dole megacephala. Its movements in galeries at 
varying depths around the nest have been studied in particular 
in the Ivory Coast by MORTREUIL and BRADER (1960) using 
phosphorus 32. Their study showed that the zone of influence 
around the nest was a circular area with a radius of generally 
around 7-8 metres. 

Two other species encountered in pineapple plantations in the 
Ivory Coast are Componotus sp., which can nest at a depth of up 
to 80 cm, and Crematogaster sp., which nests in trees, but about 
which no data is available . 

Aside from these two species, one species of the genus Anoplo
lepsis has been identified in Taiwan (LEE,·1974), and two others 
in Guyana: Solenopsis sp. and Araucomyrmex (RAI and SINHA, 
1980). The former is only found within a radius of 3 m of its 
nest, on which it depends, and the species is only nocturnal. More 
than 100 nests of the former have been counted per hectare and 
more than 2,000 of the latter, but the two species are never 
encountered together. 

Pineapple is far from being the only host plant for the mealy 
bug-and symbiosis: RAI and SINHA for example have reported 
them on a very common local weed : Solanum stramoniifolium 
(JACK.) in Guyana. 

Causal agents of wilt : toxins, virus, etc. 

For many years CARTER (1939) thought that it was only the 
saliva of the mealy bug transported to the roots of the plant via 
the sap that resulted in the degeneration of the root system 
which is the first symptom of the disease. And this is why the 
hypothesis of a toxin arose. 

As support for this hypothesis, the author pointed out that 
there is a direct correlation between the extent and severity 
of the disease and the number of mealy bugs on the one hand, 
and the length of time the mealy bugs feed on the plant on the 
other. But not all mealy bugs are carriers of the causal agent of 
this disease. At birth they are not carriers but subsquently can 
become carriers as they proceed from one plant to another. 

From 1951 on CARTER became aware of the fact that the 
toxin hypothesis was not entirely satisfactory and put forward 
the concept of the 'latent precursor factor' (CARTER and ITO, 
1956), whose effects were added to those of the toxin. This 
would explain the transmissibility of the causal agent via vegeta-
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tive reproduction (CARTER, 1963). 
CV s that show no visible symptoms of the disease, and are 

thus considered resistant, can provide a particularly virulent 
'positive source' of the latent factor ; by contrast, seedlings of 
pineapple or other host plants, such as Gramineae, have proved 
incapable of transmitting the power to induce the disease to 
mealy bugs, which is why they are called a 'negative source'. 

All these observation caused CARTER (1956) to put forward 
his hypothesis concerning a 'latent factor' of a virulent but un
known type (in fact it has not been isolated up to the present 
day), which, while not causing any visible symptoms, conditions 
the nutritional substratum on which the mealy bug synthesizes 
its wilt-inducing toxic secretions. When reinfestation does not 
occur, the 'latent viruif becomes progressively less virulent and 
finally hidden (CARTER, 1963). The concept of a 'latent virus' 
could explain why zones exist (generally isolated) that appear 
to be favourable to the development of the disease, but which 
remain unaffected in spite of the presence of large numbers of 
mealy bugs. 

Whatever the explanation for the 'latent factor' may be, its 
activity is highly influenced by the environment and most of all 
by climatic factors, as is frequently the .case with certain types 
of virus. This could explain why batches of diseased plants planted 
in areas with little sundhine that do not receive any form of 
treatment undergo a progressive reduction in the incidence of the 
disease, which finally disappears in spite of the fact the number of 
populations of mealy bugs remains high. 

Possible approaches for controlling the disease 

All the information given in the previous section shows that 
control of the disease is only possible by control of the mealy 
bug, apart from the use of a CV that is resistant to the disease . 

Genetic approach. 

There are marked variations in behaviour with respect to wilt 
in different CVs. CVs of the Smooth Cayenne group, which 
are the most commonly cultivated, are particularly sensitive to 
the disease, whereas others, CVs of the Spanish group in particu
lar, and to a slightly lesser degree of the Pernambuco group, 
are generally considered to be more or less tolerant to mealy 
bug wilt. The same goes for the majority of species related to 
A. comosus, but these are unsatisfactory from the point of view 
of yield potential. Selection of tolerant plants through chroma-
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some recombination is a method that deserves further study 
in this connection. 

Bio-ecological approach. 

Certain ladybugs eat large quantities of mealy bugs. Two 
species have been identified in South Africa, and the biggest, 
Exochomus concavus (FRUSCH), is capable of consuming an 
average of 155 mealy bugs per day in the laboratory (PETTY, 
1978a). Unfortunately, given the usual location of mealy bug 
colonies and climatic conditions in the field, their presence has 
had little effect. Othe£ predators have been found, Pullus sp. 
(LIM, 1972) in Malaysia, in addition to parasites in Kenya and 
Australia, but these too have had little effect on populations of 
mealy bugs in the field. 

Improvement of cultivation techniques. 

All cultivation techniques should be directed towards maxi
mum possible control of sources of infection, whether from the 
soil or from the shoots. 

Destruction of residues from previous crop. 

Residues from the previous crop can serve as hosts for mealy 
bugs and are consequently a source of further infection and 
should be destroyed. In large plantations, residues should be 
shredded as soon as possible and buried to encourage decomposi
tion, or burned; however, burning is not always possible and 
sometimes has other disadvantages. In small plantations, residues 
can be pulled up and removed and used to make compost, or 
piled in windrows before burning (cf. Soil preparation II.5.). 

When to harvest shoots. 

Populations of mealy bugs vary considerably over the course 
of the year. They generally show a marked decrease in wet, cool 
periods and also in very dry periods. They usually increase in 
in-between periods. 

It is always best to harvest shoots shortly after the fruits have 
been harvested. If the plantation has been satisfactorily main
tained, populations of mealy bugs will be fewer in number and the 
level of the 'latent factor' will also be low. In addition, planting 
material will be in a very healthy condition if the stage corre
sponds to a period which is unfavourable for the development of 
mealy bugs. By contrast, if shoots are harvested in badly main-
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tained fields and particularly if they are harvested after a period 
with intermediate weather conditions favourable to the develop
ment of the mealy bug, planting material will probably be badly 
infected, and the 'latent factor ' sufficiently high for the disease 
to leave the hidden state to which it has been confined until 
then. 

Chemical approach. 

The aim of chemical treatment is to keep populations of mealy 
bugs as low as possible to avoid strengthening the 'latent factor' 
and thus allowing the disease to progress from the hidden stage. 
This means preventive treatment must be carried out regularly 
without waiting for symptoms of the disease to appear, particul
arly considering there is a time lag between the time mealy bugs 
feed on the plant and the appearance of symptoms, the length 
of the incubation period depending mainly on the age of the 
plant. 

Chemical treatment is threefold: 
- disinfection of planting material; 
- treatment of soil for ants when the ground is being prepared 

for planting; 
- treatment of the plant throughout the growth cycle. 

Treatment of planting material. 

If planting material is obtained from a foreign country, it is 
generally recommended to disinfect it with toxic gas. In other 
cases shoots should be dipped in a solution of phosphorated ester. 
It is becoming more and more common to use this type of product 
to treat shoots while they are still on the mother plant, as it is 
both cheap and safe. 

Treatment of soil for ants. 

Ants must be controlled whenever they are found in large 
numbers because of the role they play in transporting and protect
ing mealy bugs and because their presence can limit the effective
ness of direct treatment for mealy bugs (RAI and SINHA, 1980). 
Some authors thus consider it equally if not more important 
to control ants (if populations are numerous) than it is to control 
mealy bugs (CHAN, 1965; REAL, 1959). Products suitable 
for the control of mealy bugs have a short term effect on ants, 
but considering ants' mobility, this type of treatment will not 
suffice. Special products with longer persistance are prefera
ble, and their effectiveness is increased by the inclusion of an 
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attractive ingredient, which makes the ants carry the product 
back to their nests. 

Treatment of plants throughout the growth cycle. 

In order to keep the cost of treatment as low as possible , 
it is clearly necessary to be in a position to treat according to the 
development of the populations of mealy bugs, which is directly 
linked to a certain number of climatic parameters. In this way 
treatment need only be carried out during periods. that are most 
favourable to their development. 

In the absence of warning systems or methods of monitoring 
the evolution of populations (systematic checks can only be car
ried out in exceptional cases, given the practical problems involved 
in regular counts in the field) the only alternative is to recom
mend treatment throughout the cycle. However,efforts should be 
made whenever possible to schedule treatment according to 
the season. 

The frequency of treatment depends on: 
- the length of the mealy bug cycle in the locality concerned; 
- the degree of severity of the disease; 
- and naturally on the type of product used. 
In regions with relatively low average temperatures, it is gen

erally sufficient to treat once every 6-8 weeks if contact insecti
cides with limited persistance are used. When the same type of 
product is used in hot, wet areas, the interval between treatments 
should not be more than one month . 

The interval can be longer if systemic products are used that 
have longer persistance. 

Particular attention has to be paid to treatment at the be
ginning of the cycle, firstly because the young plant is especially 
sensitive to the disease, and secondly because treatment is more 
effective on plants in early stages of development due to the fact 
the product penetrates the heart of the rosette of leaves better. 

Two other periods also deserve special attention : 
- floral differentiation : the presence of mealy bugs in the 

inflorescence appears to facilitate penetration of pathogens 
(cf. 1.4.2.1.3.1.). It should also be noted that their presence 
on the fruit reduces its value, particularly when it is des
tined for the fresh fruit market; 

- the period when shoots are developing: here special care is 
needed in order to produce healthy planting material. 

Methods of treatment and the main characteristics of the most 
commonly used products are described in the section on plant 
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1.4.2.3. - Major pests. 
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I.4 .2.3.1. - PESTS THAT ATTACK THE ROOT SYSTEM (AND 
CONSEQUENTLY AFFECT THE WHOLE PLANT) . 

1.4.2.3.1.1. - Nematodes (Meloidogyne $pp; 
Rotylenchus sp; helicotylenchus sp.). 

Pratylenchus sp. , 

Nematodes are found in all types of soil. They affect the evo
lution of organic matter in the same way as other micro-organisms 
(CAYROL, 1971). In the case of pineapple, a limited number of 
specie:; damage the root system and can have a marked impact on 
production by affecting the growth and development of the plant. 

ECONOMIC IMPACT 

It is quite common with Smooth Cayenne CV s to sustain 
yield losses of around 30 to 49% of the plant crop due to nema
todes. In the Ivory Coast, when the growing cycle is long, losses 
can reach 60% (SARAH, 1981). The ratoon crop is even more 
sensitive, and when certain species of nematodes are present, a 
ratoon crop is only considered economically feasible if attacks by 
nematodes can be kept low enough, at least during the course of 
the plant crop cycle. If this is not the case, ratoon crop yields 
may only represent 1/5 of the tonnage of the plant crop and 
sometimes in extreme cases ratoon crop yields are considered 
negligible. 
considered to be the main limiting factor. 

MAIN SYMPTOMS 

Many authors use the term 'indidious' to describe the dam
age caused by nematodes, for in fact there are no specific vis
ible symptoms. In the field, zones of slow growth can be seen 
that are more or less regular in shape depending on the hetero
geneity of the terrain, or following the main axes of 'agricult
ural interventions', as described by KEETCH (1977a) in South 
Africa in the case of infestation by Meloidogyne sp. The zones 
can be ellipsoid in clayey soils, whereas in sandy soils they are 
more diffuse, with less well defined limits. 

The leaves of affected plants are usually narrow and erect 
with a pronounced « U » profile in cross section. They frequently 
take on a pinkish-yellow to reddish tint, a sign of malnutrition of 
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both nutritive elements and water due to the unsatisfactory 
functioning of the root system. Symptoms are similar to those 
due to asphyxiation of the roots and water stress. In the most 
serious cases there can even be drying out of the leaf tips. 

Often when the plants are uprooted, the only thing that can 
be established is that the root system is not functioning satis
factorily, i.e . there are only a limited number of active root tips 
and sometimes none, but there are no specific symptoms, except 
in the case of the genus Meloidogyne, when very characteristic 
root knots can be seen (photos 76 and 77) (cf. below). The lateral 
lesions specific to other species of nematodes are not visible to 
the naked eye (cf. below). Damage to the roots can facilitate the 
access of secondary pathogenic agents (which normally do not 
attack pineapple) and this accelerates root decomposition. Up to 
the present time, virus diseases due to the intervention of nema
tode vectors have not been reported in pineapple, as has been 
the case in many other plants; nevertheless metabolic disturbanc
es are suspected to be due to their presence (LACOEUILHE 
and GUEROUT, 1976). 

MAIN SPECIES OF PINEAPPLE PARASITES 
AND SOME INFORMATION ON THEIR BIOLOGY 

A relatively large number of species affect pineapple (GUE
ROUT, 1975). KEETCH (1977, 1979a) counted 29 species in 
South Africa alone, and the number is far higher for the whole 
world, although in fact very few of them have been shown to 
cause specific symptoms. Only four that have quite different 
biologies have been proved to be of economic significance. 

a) Meloi'dogyne javanica (Treub) 
Meloi'dogyne incognita (Kofoid and White) 

These two species are extremely widespread and one or the 
other has been reported in almost all pineapple-producing coun
tries in the world (GUEROUT, 1975). 

Both cause the root knots typical of the species, to which 
they owe the name 'root knot nematodes'. The larvae of the two 
species, which measure between 0 .350 and 0.400mm, hatch from 
eggs laid in the soil and generally penetrate the roots close to the 
root tip. They then proceed until they reach the central cylinder 
without destroying the cells. This causes a reaction on the part 
of the plant, resulting in the formation of root knots by hyper
plasia and hypertrophy of the cells. The knots are easily visible 
to the naked eye. The larvae feed on the vascular cells that be-
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come enormous. At a certain stage the larvae stop developing, 
moult 3 times within a few days and become adult. The female 
is fatter due to the development of gonads. It becomes piriform 
(and now measures between 0.3 and 0.5mm) and lays eggs in a 
mucilaginous mass that protects the eggs once the roots have 
been destroyed. The complete cycle from egg to egg takes 3-4 
weeks at a temperature of 25-30° C. The vermiform male mea
sures approximately 1mm. Temperature and humidity have a 
marked influence on the development of the parasite. GOD
FREY and OLIVIERA (1932) established that the interval be
tween inoculation of the root and the laying of the first eggs was 
usually 63 days at a temperature of 15.7°C and only 17 days at a 
temperature of 27°C. This explains why in Hawaii and Australia 
fewer attacks of roots are observed in soils with a temperature 
of 16°C than in soils with temperatures 2-3° higher, and that no 
attacks at all are observed at soil temperatures of 10-12°C (GOD
FREY, 1926). 

KEETCH (1977e) working in South Africa, has shown that 
optimum temperatures vary considerably from one stage to anoth
er and that for the development of the population as a whole, 
optimum temperatures vary with the host. Soil humidity has an 
equally important influence on the development of populations. 
Drought delays the laying of eggs (KEETCH, (1977e), which 
consequently tends to be concentrated at the start of periods of 
renewed rainfall, but the water content of the soil only has a 
limited effect on the subsequent development of the larvae. 

However, the survival rate varies considerably from one stage 
to another, as is usually the case. In laboratory tests, HOSHI
NO and GODFREY (1933) showed that in a chamber with 50% 
relative humidity, larvae died in 4 minutes, but death of eggs 
still enclosed in the mucilaginous mass did not occur until after 
2 1/2 hours. In the soil, excess water can limit survival. When 
conditions are favourable, survival can be for several months. 

Effect of infestation on growth and development. 

In experiments in Hawaii, GODFREY (1936) attempted to 
calculate the effect of Meloidogyne on root growth: in the abs
ence of infestation, root growth was 8-8.1 mm/day; with in
festation by 100 larvae, growth was reduced to 2.14-2.88 mm/ 
day; with infestation by 250 larvae, growth was reduced to 1.34-
l.79mm/day. 

A year later GODFREY and HAGAN (1937) compared plants 
with only 2 root knots with plants with an average of 7, and noted 
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a decrease in weight in the latter of at least 16.4% for the plant as 
a whole, of at least 15% for the weight of the leaves (the number 
of leaves to emerge was not affected) and of at least 4 7 .5% for the 
weight of the fruit. Parallel to the reduction in weight there was 
a marked increase in the number of new roots that emerged from 
the plant in reaction. 

b) Pratylenchus brachyurus (Godfrey) 
(previously known under the name Tylenchus brachurus , 
or root lesion nematode) . 

This species has been reported in Hawaii, the Antilles, Aus
tralia and South Africa, but appears to cause the most damage 
in the Ivory Coast (GUEROUT, 1975). 

Pratylenchus brachyurus is a migratory endoparasite. It is 
typically vermiform in shape, 0.4-0.8mm long, and has a short, 
strong sty let. 

Males are rarely encountered. Reproduction is parthenogenet
ic. Eggs take 17 days to hatch; the larval period then lasts 16 
days and there is an interval of 15 days more before the female 
starts laying. Laying continues for 37 days at a mean rate of one 
egg per day (KEETCH, 1977e). 

In contrast to Meloidogyne sp., Pratylenchus brachyurus 
can penetrate the root, especially near the elongation zone, during 
all stages of deveiopment and starts laying eggs very shortly 
after penetration. 

Pratylenchus brachyurus is an extremely polyphagous species. 
This means it can survive with ease between two cycles of pineap
ple cultivation, as long as weeds are present. If no weeds are 
present, survival depends to a large extent on the condition of 
roots remaining from the previous crop. If fragments of living 
roots remain, it can survive for up to 96 weeks (GUEROUT, 
1975); if not, survival is reduced to approximately 30 weeks 
(KEETCH, 1977e). In the absence of pineapple roots, but with 
roots of various weeds, GUEROUT (1967) reported that nema
todes were able to survive for up to 2 years. In the laboratory he 
obtained survival rates of from 61 to 87 weeks in dry soil contain
ing residues of pineapple roots (GUEROUT, 1965). 

In South Afruca it has been shown that at temperatures of 
over 44°C for a period of 35 days, only 25% ant 50% of the 
nematodes survived; but in the laboratory, exposure to temper
atures of from 5°C to 27°C over a period of 20 weeks did not 
destroy them. The populations were simply reduced and this 
took place mainly at the lowest temperatures (KEETCH, 1977e). 
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It is easier to understand population dynamics of Pratylenchus 
brachyurus in the light of biological data, i.e. there is a direct 
correlation with growth and development of the plant on the one 
hand, and climate on the other. 

In the Ivory Coast, where in-depth studies have been under
taken of these nematodes (VILARDEBO and GUEROUT, 1975), 
it has been observed that starting with a relatively low level of 
inoculum, the initial increase in the number of nematodes in 
the roots is slow, but since the nematodes then provide a new and 
attractive environment for parasites present in the soil, there is 
subsequently a rapid increase in populations, usually from the 
3rd or 4th month onwards, but the increase can vary in speed and 
intensity depending on environmental conditions external to the 
plant (SARAH, 1982). This generally results in a more or less 
pronounced peak in curves representing populations counted 
in the root system. The peak usually occurs between the 5th and 
8th month after planting. Flower induction (forcing) corresponds 
to a reduction in the number of nematodes, probably due to a 
reduction in the number of roots to emerge and in their elonga
tion, which often occurs after a period of latency. The typical 
development curve is, however, considerably influenced by cer
tain climatic factors, mainly rainfall, and secondly temperature 
(which depends on the plant cover) and radiation (which affects 
plant metabolism and thus root dynamics). These different factors 
have a direct influence on nematode activity in addition to an 
indirect effect via plant response to the former. 

In addition, factors connected with the soil must be taken into 
consideration. These are primarily structure (the optimum parti
cle size for P. brachyurus is 300µ ) and humidity, and phenomena 
connected with self-regulation of populations (SARAH, 1982a). 
It is not uncommon to see a shift of 1 to 3 months in the peak, or, 
in the case of long cycles, a 'plateau' or several successive peaks 
(SARAH, 1982). The level of inoculum in the soil at planting 
naturally also has a marked effect on the appearance of the curves. 

In-between seasons that are hot and fairly wet are generally 
the most favourable for the development of populations, whereas 
extremely dry or extremely wet periods are much less favourable 
(VILARDEBO and GUEROUT, 1-975; SARAH, 1980). 

When shoots are allowed to develop on the plant after fruit 
harvest for a ratoon crop, new roots emerge after a certain period 
of time and these are subject to renewed attack by nematodes 
after a short interval (SARAH, 1979a). 
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Effect of infestation on growth and development. 

Symptoms caused by Pratylenchus brachyurus are practically 
invisible to the naked eye: GODFREY (1931) (cited by GUE
ROUT) indicated the formation of small patches of necrosis. 
Once the parenchyma has been affected, it is easily separated from 
the central cylinder. By this stage the root is no longer function
ing. 

Massive artificial infestation undertaken by GUEROUT 
(1964) in the Ivory Coast on plants 7 weeks old, using shoots 
planted in previously sterilized soil , showed a reduction of 26% 
in D-leaf area, of 64% in root mass and of 35% in fruit weight in 
comparison with control plants. All experiments that have been 
carried out in the field since then have shown a comparable 
decrease in the plant crop, and, in addition, a very marked de
crease in the production of shoots (SARAH, 1982a) (photos 
78 and 79) . 

c) Rotylenchulus reniformis (Lindford and Oliviera) (Reni
form nematode) . 

This species is most frequently reported in Hawaii and the 
Antilles. It has not been observed on pineapple in the Ivory Coast 
(GUEROUT , 1975). 

The larva and the juvenile female measure less than half a 
millimeter in length . The female is semi-endoparasitic and seden
tary. In its 3rd stage the larva penetrates the pineapple root , 
where, after a period of final moult, it is transformed into the 
adult female, which has a typical swollen shape due to the devel
opment of gonads. The male , which is not parasitic, lives freely 
in the soil. Reproduction is generally sexed , although partheno
genetic reproduction does rarely occur. Laying starts 9 days 
after penetration, and the eggs are laid in a gelatinous mass (simi
lar to that noted in the case of Meloidogyne sp.) generally com
prising more than 100 eggs. Hatching takes place 8 days later, 
which results in a total cycle length of approximately 25 days. 

In Hawaii and Puerto Rico, where this species is dominant, it 
is mainly encountered in alkaline soils (SANFORD, 1971). Howev
er, in acid or nearly neutral soils, liming and high rates of am
monium sulphate application tend to significantly reduce popu
lations of this type of nematode (ENGLERTH, 1979), though the 
reason for this reduction is not clear. 

Excessive use of mineral fertilizer resulting in calcium being 
carried to deeper layers of soil has a favourable effect on the 
development of this species. 
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Effect of infestation on growth and development. 

There is practically no physical sign of an attack by Rotylen
chulus reniformis, aside from a considerable reduction in fibrous 
root ratings, but the total dry weight of the root system is not 
affected (OKABE and APT, 1981). The slowing down in growth 
that results in a decrease in yield (KEETCH, i977e) can also be 
due to salivary toxins that affect root activity. 

d) Other genera. 

Many other species are encountered in the rhizosphere of 
pineapple, in particular : 

- Helicotylenchus sp. (spiral nematode). 

The most commonly found species is H. dihystera (Cobb.). 
Species belonging to this genus are ecto- or semi-endoparasites 
that only attack outlying layers of cells. As a result, their econom
ic impact is much less serious than the previously mentioned 
species. However, in the case of massive infestation, their impact 
can be significant. 

As far as other species that have been cited are concerned i.e. 
Criconemoides sp., Trichodorus sp., Scutellonema sp., Xiphi
nema sp ., no one has yet been able to demonstrate a depressive 
effect by them on the growth and development of the plant. 

e) Relations between species. 

Various authors have noted a certain competition between 
species. In the Ivory Coast Pratylenchus brachyurus tends to 
displace Meloidogyne sp.; it was thought that the former de
stroyed the root system so rapidly that it was impossible for large 
populations of the latter to subsist (GUEROUT, 1965); however, 
in Hawaii and Puerto Rico , the reverse is true (GODFREY, 1929; 
AYALA et al., 1967). In Hawaii , Rotylenchulus reniformis tends 
to displace Meloidogyne sp., though the latter was for many years 
considered to be the more important species. These differences 
are probably linked to different environmental factors that favour 
the survival of one species rather than another . 

METHODS OF CONTROLLING NEMATODES 

Problems involved in control. 

It is extremely difficult to find practical and inexpensive 
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methods of controlling nematodes (RITTER, 1971) due to their 
underground habitat, their ability to survive, and the present 
lack of knowledge concerning their 'in situ' biology, particularly 
dissemination, as well as their specific character, which makes 
them relatively insensitive to many toxic substances. 

Genetic approach. 

In 1932 in Hawaii, COLLINS and HAGAN started to classify 
the main CVs according to their sensitivity to Meloidogyne sp. 

In Puerto Rico, AYALA (1961, 1969) made a similar compari
son with respect to Rotylenchulus reniformis. Smooth Cayenne 
and Red Spanish CVs proved to be sensitive, whereas Ananas 
ananassoides was shown to be particularly resistant to Rotylen
chulus reniformis as well as to Meloidogyne sp . and capable of 
transmitting resistance to hybrids obtained from Ananas ananas
soides. Unfortunately, the latter species is of absolutely no inter
est from an agronomic point of view; consequently there is much 
genetic work to be done before CVs are available that are more 
tolerant to the main species of nematodes presently encoun
tered in pineapple cultivation. 

Bio-ecological approach. 

True biological approach. 

Although predator nematodes, mites and amoeba are known, 
in addition to nematophagous fungi and pathogenic bacteria, the 
current state of knowledge about pineapple-attacking nematodes 
offers little hope that a satisfacroty biological method of control 
will be available in the near future. 

Use of plant traps. 

Hawaiian researchers have explored the possible use of plant 
traps in connection with Meloidogyne sp. since 1928 (GODFREY, 
1928; GODFREY and HOSHINO, 1934; GODFREY and 
HAGAN, 1934), but it has proved difficult to apply in practice. 
The time lag between penetration and the beginning of laying 
varies between 15 and 20 days in the plants selected; any delay 
in rooting up usually means the advantage of the whole opera
tion is lost. It would thus be preferable to use host plants that 
are unfavourable to the development of nematodes that pene
trate the roots. 
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Use of plants that are bad hosts for pineapple nematodes. 

Tagetes (marigolds) top the list as their roots contain an ac
tive nematocide component (UHLENBROEK and BIZLOO, 
1958 ; UHLENBROEK and BIZLOO, 1959). 

Other plants can be considered bad hosts for the nematodes 
in question. Among these, 3 have been shown to be of particular 
interest in the Ivory Coast with respect to the main species of 
parasites : Pratylenchus brachyurus, i.e.: 

- Crotalaria usaramoensis 
- Flemingia congesta 

and to a lesser degree 
- Stylosanthes gracilis (GUEROUT, 1969). 
In Hawaii GODFREY drew attention to Cajanus indicus, 

which is of interest in connection with Meloidogyne sp. 
In Puerto Rico, AYALA etal., 1967, 1969) showed that when 

Digitaria decumbens was used, M. incognita disappeared from the 
soil in 1 year and Criconemoides and Helicotylenchus disappeared 
in 18 months, but that the same plant maintained populations of 
P. brachyurus. 

By contrast, populations of R. reniformis and P. brachyurus 
dwindled down to undetectable levels with sugar cane, but other 
species continued to reproduce at the normal rate. 

In other regions, sugar cane is considered sensitive to R. reni
formis . 

In South Africa, a significant decrease in populations of 
Rotylenchulus unisexus, Scutellonema brachyurum and Helico
tylenchus dihystera was obtained by cultivating Chloris gayana 
var. Katambora and Desmodium uncinatum (KEETCH and 
DALLDORF, 1980) . 

Cultivated and uncultivated fallow. 

Cultivating plants that are bad hosts for pineapple nematodes 
between pineapple cultivation cycles, i.e. in rotation with pine
apple, generally produces very satisfactory results. By cultivating 
legumes a cumulative effect can be achieved, combining a re
duction in populations of nematodes and an improvement in 
the chemical composition of the soil (TISSEAU, M.-A., 1969; 
GODEFROY, 1969; GUEROUT, 1969). 

Working the soil between 2 cycles, i.e. when there are no 
crops growing, also helps to reduce soil inoculum significantly. 
Successive layers of soil are brought to the surface and exposed 
to the sun as well as being well aerated. The increases in temper-
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atures and drying out that results is very detrimental to nema
todes . 

To obtain satisfactory results it is important to prevent weed 
host plants from developing. GODFREY (1931) obtained only 
mediocre results under Hawaiian conditions by ploughing 9-11 
times in 14 months because weeds had time to develop in the in
tervals between ploughing and thus ensure the survival of the 
nematodes. 

In the Ivory Coast, GUEROUT (1965) studied the evolution 
of populations of P. brachyurus after ploughing had been carried 
out monthly. Irrespective of the size of the initial population : 

- after 5 months of uncultivated fallow (ploughing had conse
quently taken place 3 times), the population was around 50 
individuals per litre of soil ; 

- where absolutely no weeds were present, the population contin
ued to dwindle for up to 8 months, at which point nematodes 
were difficult to find. When weed hosts or pineapple plants were 
present, the level of the population was maintained as above; 

- after 8 months of continued ploughing, even though no nema
todes were found in the soil, some were discovered in the roots of 
fresh growths of weeds or pineapple ; 

- after 24 months of ploughing the soil, isolated infestation was 
still encountered after young hosts plants were planted ! 

According to GUEROUT, 6 weeks of ploughed fallow only 
succeeds in halving existing populations of nematodes. 

This type of fallow, which implies loss of land and/ or time, 
inevitably results in a loss in yield/ha/month of soil occupation, 
and consequently cannot be economically justified under all 
systems of pineapple-cultivation. 

Use of plastic film for its heating effect. 

This technique consists in placing plastic film that allows 
infrared rays to pass through on top of previously irrigated naked 
soil. The resulting greenhouse effect has remarkable 'cleansing' 
effects, but unfortunately is extremely costly. 

Chemical approach. 

Problems involved in control - Strategy. 

The level of soil inoculum can be reduced more rapidly by 
treating the soil with nematocides than with any other more long
term cultivation technique, but as is true of cultivation techniques, 
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even chemical treatment cannot totally eradicate nematodes. 
When the host plant is again cultivated, rapid recolonization gen
erally occurs (GUANY and RITTER, 1975). The use of nemato
cides (mainly fumigants) may also imply risks to the soil. Accord
ing to certain authors, it can seriously upset the balance of micro
organisms by eradicating long segments of the biological chain, 
which only re-establish themselves progressively, wave by wave, 
and this can have multiple consequences, such as 'exchange 
of damage', 'boomerang effect', and so on (KREUTZER, 1960), 
but the consequences for soil microfauna need only be slight 
if care is taken not to exceed the standard application rate. 

Although this is a disputed question, the use of nematocides 
could have a depressive effect on mycorrhiza and thus modify 
absorption and utilization by the plant of certain minerals such as 
iron and manganese (SMITH, D.H., 1969) or upset the oxygen
reducing potential of the soil, with all the different consequences 
this implies. 

The use of systemic products is less risky as far as soil fauna is 
concerned, but on the other hand, it can seriously upset plant 
metabolism, as detailed below. 

As KEETCH (1979 b) noted, the most expensive soil-fumigant 
treatment is the one that fails to produce an acceptable degree 
of nematode control. Effective control is achieved if treatment 
is carried out at an early stage before population explosions 
occurs and this generally implies chemical treatment at planting 
(when fumigants are used) or shortly after (when systemic prod
ucts are used), unless shoots are being planted in healthy soil 
(that has never been used for the cultivation of pineapple), or in 
soil that has been satisfactorily cleaned using methods that discour
age the survival of nematode populations ( crop rotation, soil 
tillage, etc.). 

If soil inoculum is present, chemical treatment at or shortly 
after planting is nearly always worth while, irrespective of the 
type of nematode, if one or more ratoon crips is envisaged (furth
er treatment during the course of vegetation is generally equally 
profitable). But treatment cannot be profitable if only one crop 
is planned, particularly in the case of a short growing cycle when 
the dominant nematode is Rotylenchulus reniformis. 

Nevertheless, some authors, for example KEETCH (1979b), 
consider that even if there are only a few Meloidogyne spp. 
and/or Pratylenchus brachyurus present in the soil or in the roots, 
this is enough proof of potential infestation and preventive treat
ment should be undertaken (before the nematodes , penetrate the 
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roots or before they cause damage). 
The few extreme cases cited (the majority of cases fall be

tween these two extremes) show that as far as the cultivation of 
pineapple is concerned, it is difficult to recommend any specific 
method of control. The wide range of nematodes, the variations 
in the ecological characteristics of each loi::ality and in existing 
methods of cultivation mean that each plantation is an individual 
case. A wide range of extremely different products is available 
to deal with each problem.It is indispensable to known the charac
teristics of each product and how it works. These aspects are 
dealt with in detail in the section on nematode control ( cf. Plant 
Protection, II. 9 .8 ). 

l.4 .2.3.1.2. - Symphylids (Scutigerella spp. and Hanseniella spp.). 

Symphylids are tiny Myriapodae that eat root tips. Absorption 
of nutritive elements is consequently disturbed. This results in a 
slowing down of growth and development that inevitably has a 
depressive effect on yield . 

These particular pests only have an economic impact in cer
tain ecological localities that are highly favourable to their prolif
eration. In these cases the damage they cause can be the main 
limiting factor involved in production. 
factor involved in production. 

In an experiment carried out in Martinique,. control of sym
phylids led to an increase in the mean weight of fruits, from 
0.722 kg to 1.277 kg, and to an increase in the mean number of 
suckers per plant at harvest, from 0.10 to 0.63 (LACOEUILHE , 
1977). 

Similar results were obtained during an experiment conducted 
in a highly infested plantation in the Ivory Coast (KEHE, 1979 
b) ; there, the mean weight increase obtained by the control of 
these pests was 22%, and there was also a significant reduction 
in the number of small fruits. 

Main symptoms. 

In some plantations, more or less homogeneous zones of re
duced growth are observed, whereas in others there in extreme 
heterogeneity between individual plants (KEHE, 1979a) (photo 
80) . These differences are, in the main, linked to soil humidity. 
Where soil humidity is consistently relatively high, all plants are 
able to recover as soon as the attacks diminish, irrespective of the 
damage they have undergone, whereas where humidity is a limit
ing factor, renewal of growth varies from plant to plant. Plants 
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that are unable to restore their root system lose turgidity and 
growth is only renewed when the environment becomes more 
favourable to the plant than to the pest. 

Root systems that have been attacked by symphilids can vary 
considerably in appearance, depending on the age of the plant 
and the intensity and frequency of attacks. The pest has a marked 
preference for young tissues, particularly the meristem area , 
and when this tissue has been eaten there is a typical small ca
vity in the tip. Plant reaction to this damage is a terminal swell
ing, followed by the formation of secondary roots. If further 
attacks by the parasite do not take place until the secondary 
roots have reached a certain stage of development, a 'witch's 
broom', typical of this type of damage, will form progressively 
(KEHE, 1979a) (photos 81, 82 and 83). If, on the other hand, 
the parasites continue to attack without a let-up, the root pri
mordiums are destroyed as they form and the root tip starts to 
resemble a club. 

If a massive attack occurs early in development, i.e. just as 
the roots are emerging after the shoots have been planted, the 
roots are not able to grow more than a few centimetres. In this 
case a bush of very short roots develops round the base of the 
stem, and these roots do not function at all satisfactorily (KEHE, 
1980). 

This type of unsatisfactory root development can cause the 
plant to fall over, when a compact mass of soil and roots about 
15cm in diameter will be seen, made up of numerous 'witch's 
brooms' . 

In a controlled environment the effect of less severe arti
ficial infestation 15 days after the shoot was planted was a reduc
tion of 17% in the number of roots to emerge (KEHE, 1979 c). 

Attacks by these pests are particularly serious during 2 periods 
of th1:: plant cycle, i.e. during the first 2 months after the shoots 
have been planted as the first flush of roots appears, and 2 or 3 
months later, when the second flush of roots appears (cf. I.3.3.2). 
Attacks during the second phase of root growth generally have 
less serious consequences than during the first. 

Symphylids also feed on root hairs, which are consequently 
absent in heavily infested areas. They can also cause lateral lesions 
in very tender roots. 

Any type of damage to the epidermis can naturally provide 
access to 'wound' pathogens, which can subsequently lead to 
the destruction of the root (JOHNSON, 1935; SAKIMURA, 
1966; SANFORD, 1978) . 
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Species involved and some information on their biology. 

Several parasitic species of symphylids have been isolated on 
pineapple i.e. 

- Scutige'.ella saki~urai } in Hawaii (SAKIMURA 1966) 
- Hanseniella unguzculata ' 
- Hanseniella ivorensis in the Ivory Coast (JUBERTHIE-

JUPEAU and KEBE; 1978; KEBE, 1979a). 
- Hanseniella sp.; a nek species that has not yet been described 

and is widespread in Martiniqµe. 
Another species belonging to the same genus has also been 

reported in Brazil (LAUREIRO and FORTES, 1972) . 
The adults of the different species measure from 6 to 10mm 

in length and a few mm across. The adults are white and have 2 
long feelers on their head. The body is made up of segments 
covered with silk and is prolonged by 2 large circi. They have 12 
pairs of legs (larvae of Scutigerella sp. have-6 pairs and larvae of 
Hanseniella sp. have 7 pairs, KEBE, 1979d) (photo 84). They 
are blind, lucifugous and hygrophilous, but are incapable of detec
ting humidity at a distance. Although they cannot dig tunnels 
in the soil, they move about rapidly using cracks and tunnels 
caused by variations in soil humidity, plant roots and underground 
animals. Consequently, symphylids can only increase in well
aerated soils that are rich in organic matter, either based on 
volcanic calcareous tufa, or gravelly soils comprising a relatively 
high percentage of clay . They are more rarely encountered in 
sandy and clayey-sandy clay, which are easily compacted. How, 
ever, population explosions occasionally do occut in these types of 
soils, generally because large quantities of vegetation have been 
buried in an extremely rainy period. 

Vitellogenesis and egg laying can occur between each moult. 
The female lays 10 to 11 eggs and looks after them with great 
care. Coupling does not take place directly. The male deposits 
spermatophores in soil pockets. They are then gathered up and 
stored by the female in a seminal cavity close to the buccal cavity 
until she herself uses them to fertilize her ovules (JUBERTHIE
JUPEAU, 1956, 1959a, 1959b, 1959c). 

In optimum conditions (temperatures of 28°C) the complete 
cycle of H. ivorensis is 4 7-48 days. Adults can live for several 
years. Soil humidity and soil temperature play an important role 
in the biology of this pest, as does the availability of good and 
plentiful food (KEHE, 1979a). 

Symphylids undertake daily and seasonal migrations; the 
former depend primarily on variations in temperature, whereas 
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the latter are mainly linked to soil humidity. When the top layer 
of soil dries out, the symphylids tend to penetrate deeper layers 
(MASSES, 1979a). In the laboratory it has been shown that 
symphylids can penetrate the soil to a depth of 80 cm and move 
a distance of 200 cm horizontally (KEHE, 1981), but in the field 
they go longer distances horizontally, i.e. over 50 m. 

Genesic activity of the pest depends directly on the quantity 
and quality of available food. If no fresh food is available, sym
phylids will eat decomposing plant residues, but in this case re
production is slowed down. The pests resort to cannibalism in 
order to survive, and can survive for 4 months entirely without 
food if humidity conditions are satisfactory. 

Methods of controlling symphylids. 

Bio-ecological approach. 

Several predators of the species have been isolated in Hawaii, 
i.e . a centipede; Lamyctemus coeculus Broleman (SCHELLER, 
1961) as well as larvae of Coleoptera. 

Tilling the soil increases the mortality rate of the population, 
but the soil loosening that results facilitates the formation of 
passages in which they can move about. 

Chemical approach. 

Symphylids are said to have high calcium requirements (TEIS
SON, 1979f) 1 but unfortunately it is difficult to obtain a lasting 
change in the calcium content of the soil without effecting fertil
ity. Thus at the present state of the art , chemicals insecticides 
are necessary for the control of these parasites. 

Very dry and very wet seasons are favourable to neither 
the multiplication of symphylids nor the growth of the plant, 
Inter-seasons are, however, extremely favourable and treatment 
should, wherever possible, be carried out at the beginning of 
these periods, but at the same time taking root flushes into con
sideration. 

It is generally advisable to treat all areas thought to be infested 
at planting, firstly because the planting stage has considerable 
influence on the future development of the plantation, and 
secondly because the risk of attack is highest at this time; moreov
er, conditions for treatment are best at this time and the choice 
of product and/or formula is widest (GUYOT, 1976a; MASSES, 
1979 a). 

Renewed treatment during the course of vegetation is usually 
indispensable. 
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The main characteristics of products currently recommended 
for the control of symphylids are described in the section on plant 
protection (cf. 11.9.9.) together with methods of use and rates 
of application. 

I.4 .2.3 .2 . - PESTS THAT ATTACK THE LEAVES. 

I.4.2.3.2.1. - Coccids: Diaspis spp. (pineapple scale), Pseudococ
cus longispinus and other coccids of minor significance . 

a) Diaspis bromeliae and Diaspis boiduvali (pineapple scale) . 

Under certain conditions, this type of coccid develops on the 
leaves of the plant. If present in great numbers, photosynthetic 
activity of the leaves can be affected, which results in a slowing 
down of growth. In extreme cases yield can be reduced to nothing 
and the death of the plant can ensue (PETTY, 1978; PY, 1981) 
(photo 85). 

The pests are also found on the fruit , where they not only 
spoil the appearance of the fruit, but, in the opinion of some 
authors, promote the development of tiny cracks between the 
fruitlets. 

Three closely related species that belong to the order Homop
tera-Diaspidae have been identified, i.e. Diaspis bromeliae (KER
NER), which is mainly found on Bromeliaceae in both tropical 
regions and . in greenhouses in temperate regions, and Diaspis 
boiduvali (SIGNORET) , which as extremely polyghagous and also 
very widespread, and has been reported both in Latin America 
and West·Africa as well as in Hawaii, Sri Lanka and Taiwan. 

Both the female and her clutch of oval, transparent eggs are 
protected by a circular, pale biege shield a few mm in diameter 
(photo 86). 

A yellow area develops around the anchor point, where the 
pest has injected saliva full of tox ic substances. 

The adult male is a winged insect. The larval stages develop 
under an elongated follicle made of white wax . 

Under Hawaiian conditions, an average of 4 generations per 
year can be counted. Shade promotes multiplication, which 
accounts for the fact they are frequently found in greenhouses 
and on shoots stored in the shade of trees. Multiplication also 
appears to be encouraged by zinc deficiency (TISSEAU, M.-A. , 
1965). Populations normally diminish in rainy periods (the de
crease appears to be linked to the natural development of the para
sites (PETTY, 1978c). Only first-stage larvae move about (on 
hatching). Once it is anchored, the pest remains in the same place 



Wilt disease 2 · Symptoms, evolution and 
causal agent (Dysmicoccus brevipes) 

PHOTO 70 · Green spotting of leaves indicating the 
presence of the mealy bugs responsible for the disease. 
(By permission of Vi!ardebo) . 

PHOTO 72 · Large colony of mealy bugs on the fruit. 
The shelter made by ants has been partially removed 
(By permission of Vilardebo). 

PHOTO 71 - Appearance of a patch of wilt in the field . 
The disease started in the plant in the centre of the 
photo, but these had recovered by the time flower 
induction was carried out. The result was fruits that 
were small in comparison with the mass of active 
vegetation at the time. The disease spread to neigh
bouring plants, which were infected at flower induc· 
tion, and as a result they produced dry fruits. (By 
permission of Py) . 

PHOTO 73 • Detail of central part of colony. (By 
permission of Vilardebo) . 

Reproduction courtesy of CIBA-GEIGY S.A. 
CH 4002, Basel, Switzerland 



PHOTO 7 4 - Leaf symptoms of yellow spot. (By permission of the Citrus and 
Subtropical Fruit Research Institute, South Africa). 

Yellow spot . 

PHOTO 75 - Symptoms of yellow spot on fruits. (By permission of the Citrus 
and Subtropical Fruit Research Institute, South Africa). 

Reproduction courtesy of GERDA T 
(Groupement d 'Etudes et de Recherches pour le Developpement de l'Agronomie Tropicale) 

42, rue Scheffer - 75016 Paris, France 



PHOTOS 78 and 79 • Difference in 
vegetation after plant crop harvest 
(i.e . with respect to the suckers that 
form the basis of a ratoon crop) in 2 
plots, one of which has been treated 
with a systemic nematocide (on the 
right), and a control plot (on the left). 
(By permission of Sarah) . 

Reproduction courtesy of BA YER A.G. 

Nematodes 

PHOTOS 76 and 77 • Appear
ance of pineapple roots after 
infestation by Meloidogyne sp. 
(By permission of Vilardebo 
and Py) . 

D 5090 Leverkusen, Bayerwerk, Federal Republic of Germany 



PHOTO 81 - General appearance of the root system 
of a pineapple plant 4 weeks after artificial infesta
tion with Hanseniella ivorensis carried out 1 month 
after planting and continued over a period of 3 weeks. 
Witches'brooms may be seen to have formed on 
all roots at exactly the same distance from the base 
of the stem. (By permission of Kehe). 

PHOTO 82 · Detail of Witches'brooms (By per
mission of Kehe) . 

Reproduction courtesy of the 

Symphilids 1 • Symptoms 

PHOTO 80 • Heterogeneity 
caused by serious infestation 
of Hanseniella ivorensis in the 
Ivory Coast. (By permission 
of Py). 

SOCIETE COOPERATIVE AGRICOLE FRUITIERE DE MORNE-ROUGE 
97260 Mome Rouge, Martinique 



Symphilids 2 · Symptoms and 
general view of pest 

(Hanseniella ivorensis) 

PHOTO 83 · Detailled view of root 
extremity 
brooms. 
debo) . 

with numerous 
(By permission 

witches' 
of Vilar-

PHOTO 84 - Group of symphilids of 
different ages. (By permission of Vi
lardebo) . 

Reproduction courtesy of FRUITS UNIS S.A. 
5, rue de la Corderie, B. P . 315 - 94152 Rungis Cedex, France 



PHOTO 88 - Angosoma centaurus devouring 
an inflorescence. (By permission of Teisson) . 

Various pests 

PHOTO 85 - Severe infestation of Diaspis bro
meliae that has resulted in the death of the 
fruit. (By permission of Vuillaume) . 

PHOTO 86 - Diaspis boiduvali on leaves. (By 
permission of Vilardebo) . 

PHOTO 87 - Another species of Coccid, probably 
Pseudococcus longispinus. (By permission of the 
Citrus and Subtropical Fruit Research Institute, 
South Africa). 

PHOTO 89 
Ventura). 

villosa. ( By permission of 

Reproduction courtesy of GERDAT 
(Groupement d 'Etudes et de Recherches pour le Developpement de l'Agronomie Tropicale) 

42, rue Scheffer - 75016 Paris, France 



PHOTO 90 - Base of a pineappl.!J 
leaf damaged by mites : Dolicho
tetranychU$ {loridanus . (By per
mission of Vilordebo) . 

Mites 

PHOTO 91 - Detail of affected 
area. (By permission of Vilor
debo) . 

PHOTO 92 - Adults and eggs of 
Dolichotetronychus {loridonU$. 
(By permission of Vilordebo) . 

~· 

., 

PHOTO 93 - .Rugose · appearance of leaf with 
spots of necrosis : signs of the presence of mites 
at the base of the plant. (By permission of Hayot). 

.. 

Reproduction courtesy of the CHEVRON CHEMICAL COMPANY 
12, rue Penthievre - 75008 Paris, France 

.. 
1 



PHOTO 95 - Damage to fruits. 
(By permission of Giacomelli). 
PHOT 

PHOTO 97 - T . basilides larvae devouring the bases of young leaves. (By 
permission of Vilardebo) 

Reproduction courtesy of CIBA-GEIGY 
CH 4002 Basel, Switzerland 

Gummosis of fruit 
(Thecla basilides) 

PHOTO 94 - Shoot damaged by 
T . basilides. The hole is where 
larva penetrated. (By permission 
of Giacomelli). 

PHOTO 96 - Underside of 
butterfly T . basilides. (By 
permission of Giacomelli). 

PHOTO 98 - T . basilides eggs on 
the bract of a fruitlet. (By per
mission of Vilardebo). 
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for the remainder of its life. 
In South Africa there are a certain number of Hymenoptera, 

such as those belonging to the Aphytis genus, that parasitize 
the species. Holes are frequently observed in the shield, through 
which the adult parasite has emerged, and larvae are frequently 
seen underneath unperforated shields (PETTY , 197 8 c). 

Several other predator species have been identified, in partic
ular ladybirds: Rhizobius sp. and Orcus sp. in South Africa, 
Telsimis nitido and Lindorus lophantae in Hawaii, and, in addi
tion, a small Diptera in South Africa (PETTY, 1978 c). 

Insecticides used for the control of Dysmicoccus brevipes 
are generally also effective for this species, but excessive use of 
the more persistant among them can result in massive infestation 
by destroying the predators (SAKIMURA, 1966). 

Where really thorough cleansing of planting material is re
quired, fumigation is the most effective method; MURRAY 
(1980) particularly recommends fumigation with methyl bromide 
at a temperature of 20°C for a period of 2 hours. 

b) Pseudococcus longispinus (Targiani) [or P. adonidum (L.)] 
and other minor species of coccids. 

Pseudococcus longispinus (Homoptera-Pseudococcidae), 
another mealy type of coccid, is found on pineapple in South 
Africa and Hawaii. It multiplies in the heart of the rosette of 
leaves at the time the inflorescences appear, and subsequently 
in the crown, spoiling its appearance and consequently its com
mercial value (photo 87) . 

Melanapsis bromeliae (Hemiptera), which is encountered on 
pineapple in Hawaii, is considered a minor pest. 

Rhizoecus americanus, encountered on pineapple roots in 
Martinique, also attacks a very wide range of plants. It has been 
reported in Florida and in various countries in Central and South 
America, as well as in the Caribbean islands, but at the present 
time there are no indications that it is a major pineapple pest. 

I.4 .2.3.2.2. - Mites - Dolichotetranycus floridanus, Steneotarso-
nemus and Tarsonemus sp. 

There is considerable disagreement about the economic sig
nificant of mites; some authors believe the most they do is slow 
down growth slightly, whereas others are of the opinion that 
they have a marked influence on growth and cause consid
erable losses in yield. SAMP AIO and MY AZARI (1982) men-
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tion losses of 16% in north-eastern Brazil and in extreme cases 
the death of the plant. Even without going to this extreme, large 
colonies of mites at the base of the crown can cause wilting and 
drying out of the folioles, which means the fruit cannot be ex
ported (KEHE, 1983). Some species also play an important role 
in spreading certain diseases. 

- Dolichotetranychus floridanus (Bank). 

This especies in elongated (0.2 mm in length and 0.07 mm in 
width), reddish-orange in colour (photo 92) and is generally 
found at the base of the oldest leaves, where large colonies can be 
formed, and occasionally at the base of folioles in the crown. 

As a result of their presence, 'depressed' areas of necrosis 
may develop; these are brown in colour (photos 90 and 91) and 
disturb the physiological functioning of the leaf (SCHWENDI
MAN, 1981). Small, scattered, corky areas and a generally 'gnar
led' appearance of the centre of the upper side of the adult 
leaves are often a sign of their presence at the base of the plant 
(photo 93). 

When mites are present, senescence of the old leaves is accel
erated, but this generally does not have much effect on plant 
growth. However, some authors are of the opinion that growth 
can be considerably slowed down and that progressive wilting 
occurs (DE ARRUDA and FLETCHMANN, 1967; REIS, 1975; 
PETTY, 1978b; GIACOMELLI and PY, 1981); this is thought 
to be especially true when younger leaves (leaves engaged in 
full growth) are attacked. 

Dolichotetranychus floridanus is encountered in particular
ly large colonies on plants whose growth rate is slow, whatever 
the cause for the slowing down may be (water stress, mineral 
deficiency, etc.). Some authors are of the opinion that this intense 
proliferation is due to the fact that the mites find a particularly 
favourable environment (possibly because of the very spreading 
habit of the plant) as a result of the disturbance the plant has 
undergone. 

This hypothesis is supported by the fact that as soon as the 
environment is modified by renewal of active growth (when the 
limiting factor is removed by rainfall, application of fertilizer, 
etc.) the colonies diminish and disappear. 

Steneotarsonemus ananas. 

This species is smaller than the one described above (0.15 mm 
x 0.25 mm), grey in colour, and is generally found on the inflo-
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rescence and the developing fruit, particularly in the blossom 
cup, but it may also be found among the non-chlorophyllous 
parts of the young leaves in the rosette. Here the mites devour 
the trichomes. 

The complete cycle is only 7 to 14 days, which means large 
populations can develop over a very short period of time. 

The presence of this species has often been linked with cer
tain diseases caused by Penicillium sp. and Fusarium sp. (LE 
GRICE and MARR, 1970; RORHBACH et al., 1981) (cf. 1.4. 
2.1.3.1.). 

It would seem that, like the mealy bug Dysmicoccus brevipes 
(PETTY, 1978a), Steneotarsonemus ananas encourages disease 
by transporting the spores of the pathogens into the blossom 
cup, but is not, as certain authors have thought, directly involved 
in the suberization of the carpellary locules, known as leathery 
pocket. 

Other species of mites have been encountered on pineapple, 
mainly on the inflorescence. SANCHEZ et al., (1982) drew up a 
complete inventory in the state of Bahia(Brazil). Six species were 
counted, including those already mentioned above. The majority 
of the other species do not appear to have much economic impact 
as they generally feed on the mycelium of saprophytic fungi. 

As already mentioned, improvement in cultivation techniques 
may be sufficient to reduce the impact of colonies of mites, 
but in certain cases direct treatment is necessary. This is the 
case in particular in localities where diseases of the fruit caused 
by Penicillium sp. and Fusarium sp. have a marked economic 
impact. 

A whole range of miticides is available on the market, includ
ing some based on the spores of fungi that allow biological con
trol of certain species. When chemical miticides are used, care 
must be taken to change formulas frequently to prevent the 
development of tolerance (cf. 11.9.11.). 

1.4.2.3.3. -PESTS THAT ATTACK THE FRUIT - THECLA BASI
L/DES CAUSING GUMMOSIS OF THE FRUIT 
(LIMITED TO LATIN AMERICA). 

Gummosis of the fruit is caused by the Lepidoptera Thecla 
basilides (Geyer). It is widespread in Latin America, but not in 
the Caribbean islands (with the exception of Trinidad). It is 
unknown in other continents. 



260 THE PLANT AND THE ENVIRONMENT 

Economic impact - Main symptoms. 

Thecla basilides can cause considerable damage to the pineap
ple crop if preventive measures are not taken (in some seasons 
almost all fruits can be affected to a greater or lesser extent). 
The presence of this pest is certainly one of the main reasons why 
Latin America was not involved in the rise of the pineapple in
dustry at the beginning of this century. 

The larva penetrates the developing fruit and digs out holes 
of varying depth. This makes the fruit misshapen and impossible 
to sell (photo 95 ). The reaction of the fruit to larval activity is the 
formation of amber-coloured gum, which exudes and hardens on 
contact with the air, and which resembles the resin exuded by 
pine trees, hence the name 'resinous' given by some Brazilian 
authors to these secretions. Occasionally secondary infestations 
occur, and when due to Fusarium moniliforme var. subglutinans , 
the exudate is more fluid and glassy, characteristic of fusariosis 
disease (cf. 1.4.2.1.2.2.). 

The pathogen can penetrate the inflorescence even when 
there are no wounds, but the presence of Thecla basilides larvae 
results in a marked increase in the incidence of the disease due 
to the entry portals they create. The disease is also encouraged 
by adult butterflies that visit the inflorescence thus disseminating 
the spores and facilitating their access to the inflorescence through 
natural entry portals (stylar canals and nectary ducts). 

Some information about the pest and its biology. 

The female of Thecla basilides is small : 28 mm long (photo 
96). The front wings are ash-coloured with black borders and 
fringes of whitish scales; the back wings are characterised by 2 
orange spots with white borders and 2 pairs of tapering appen
dages. 

The male, which is smaller, has a large black patch in the 
centre of its wings (FONSECA, 1973). 

The female is attracted to the inflorescence as soon as it 
appears in the rosette of leaves, i.e. frequently before the first 
flower opens. It usually lays its eggs at the base of a floral bract 
(HARRIS, 1927) (photo 98). The eggs are whitish in colour with 
fine reticulation. They are slightly flattened and only measure 
a little over 0.5 mm. When the egg hatches 5 days later, the larva 
measures 1.5 mm. It usually penetrates the fleshy base of the main 
bract of a fruitlet or a slip (photo 94), devours the floral parts 
and then penetrates the flesh of the developing fruit; 13 to 16 
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days later it reappears on the surface of the fruit. It can measure 
as much as 22 mm long and 6 mm across. The body, which is 
basically yellowish in colour, appears to be bright pink due to 
longitudinal stripes of this colour (photo 97). It usually settles 
down among the leaves of the slips below and pupates in a co
coon, from which the perfect insect emerges 7 to 11 days later. 
The complete cycle takes from 23 to 32 days, depending on the 
physical characteristics of the environment. 

Many spontaneous species of Bromeliaceae that populate the 
neighbouring forests and savannas as well as pineapple plantations 
that are coming to the end of the growth cycle, can serve as hosts 
to Lepidoptera . Those constitute true reserves, and it is from here 
that the butterflies come and invade new plantations of pineapple 
at flowering time. The percentage of fruits affected varies consid
erably during the course of the year and depends on climatic 
factors that are not all equally favourable to the multiplication 
of the pest. In Brazil, fruits harvested from April to October 
show the most damage, which results from attacks that took 
place from November · to March, whereas in Mexico damage is 
worst in fruits harvested from October to March . 

Methods of controlling the pest. 

As the distribution of this pest is limited geographically, it is 
extremely important to stop it spreading to other continents. 
This can be done by forbidding imports of all Bromeliaceae from 
the infested continent that have not been carefully checked. 

Not all CVs have exactly the same reaction to the pest : fruits 
of Perola CV s are generally less sensitive than Cayenne CV s. 

HARRIS (1922) reported a predator of the larva in Trinidad, 
Heptasmicra sp., and a predator wasp , Polistes rubiginosus. More 
recently SANCHES (1983) reported another Hymenoptera preda
tor, Metadontia curvidentata, but no organised biological cam
paign has been undertaken up to now. 

The impact of the pest can be limited to a certain extent by 
channelling production towards ,months in which the risk of dam
age is reduced, but economic concerns usually leave little scope for 
manoeuvring. The only guaranteed effective control is chemical 
treatment throughout flowering periods. Details on chemical 
treatment are given in the section on plant protection (cf. 11.9. 
12.). 
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1.4.2.4. - Minor pests. 

Only pests more or less specific for pineapple will be discussed 
in this section, not such pests as grasshoppers, certain species 
of ants, termites, rodents, etc., nor large animals such as monkeys 
and elephants that sometimes devastate African plantations near 
forested areas. Nor will damage by human beings be discussed, 
although in some countries pineapple plantations have been the 
target of terrorist activity due to their economic importance. 

Damage caused by minor pests is generally sporadic in con
trast with that caused by the majority of pests previously cited. 
However, they can sometimes have just as serious consequences. 
The majority of minor pests belong to the Coleoptera and Lepi
doptera orders. The recent publication by EMBRAP A (SANCHES, 
1983) of a complete inventory of fauna associated with pineapple 
cultivation in Brazil happily completes documentation on the 
subject of many pineapple parasites found in the country where 
the pineapple species originated. Details are provided on host 
plants, their biology, habitat, and the damage to pineapple caused 
by the pest concerned. 

I.4 .2.4.1. - MINOR PESTS THAT AFFECT THE ROOT SYSTEM. 

Damage is mainly caused by larvae of Coleoptera, i.e. different 
types of white grubs : 

- Phyllophaga portoricensis, which occasionally causes severe 
damage in Puerto Rico and other islands in the Caribbean (GAN
DIA-DIAZ and SAMUELS, 1958); 

- Anomala orientalis (Wate) and Adoretus sinicus (Burm) 
reported in Hawaii; the latter species can damage the aerial parts 
of the plant as well as the roots ; 

- Trochalus politus (Moser), Adoretus tessulatus (Burm), 
Adoretus ictericus and Macrophylla ciliata (Herlis), reported in 
South Africa (PETTY, 1976 a and 1976 b). 

As these pests devour roots at all stages of development, as 
well as the base of stem, they can slow down or completely 
stop plant growth, causing considerable heterogeneity in the 
plantation and a reduction in yield that can be very serious in 
extreme cases. In an experiment carried out in South Africa, 
artificial infestation with 5, 10 and 20 Adoretus tessulatus larvae 
per plant reduced the root mass by 58, 71 and 76.5% respectively 
in comparison with control plants. 

Another species, Heteronychus arator, which has also been 
reported in South Africa, is a particular case. Only the adult 
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causes damage to the plant, by feeding mainly on the base of 
the stem, which also affects the root system. The larva appears 
to feed exclusively on organic matter in the soil (PETTY, 1978d). 
In the countries where these pests have been studied, a certain 
number of natural enemies have been identified and appropriate 
cultivation techniques applied. In these cases some success has 
been achieved in the control of populations. 

According to certain authors, fumigants used for the control 
of nematodes and systemic nematocides are quite effective. How
ever, since these pests appear in cycles, systematic preventive 
application before planting is not usually recommended except 
when intense infestation threatens. It is preferable to treat as 
required during the course of vegetation, even if the range of 
products that can be used at this stage is limited, since 1n fact; 
the range is nevertheless large enough to ensure effective treat
ment. 

1.4.2.4.2. - MINOR PESTS THAT ATTACK THE AERIAL PARTS 
OF THE PLANT. 

- Paradiaphorus crenatus (Bill berg) : a Coleoptera of the 
Curculionidae family that has been reported in several Latin 
American countries. The cream-coloured larva grows to 22-25 mm 
in length and 10-12 mm across. It bores large tunnels in the stem 
and sometimes causes the stem to break in two (GALLO DOMIN
GO et al., 1970; REIS, 1981). 

The adult is a black chafer 20-22 mm long and 8 mm across, 
with a curved, cylindrical rostrum typical of the Curculionidae 
family ; 

- Cholus seabrai: a Coleoptera of the Curculionidae family 
reported in Brazil . It feeds by introducing its rostrum in the fruit 
peduncle and the stems of slips. In the former case the fruit is 
generally unmarketable; 

- Castnia icarus (Crammer): a lepidoptera of the Castniidae 
family reported in Brazil. The larva, which can reach several 
centimetres in length, bores large tunnels in the stem. This results 
in curvature of the plant and affects mean fruit weight ; 

- Lybindus dichrous (Stal.) a Hemiptera of the Coreidae fam
ily reported in Brazil. The adult measures 13 mm in length and 
4 mm across. It has a dark red head, the remainder of the body 
can be a slightly different colour. The female lays its eggs on the 
lower part of the fruit peduncle. The larvae and adults feed on 
sap and cause malformation of the inflorescence and fruit ; 



264 THE PLANT AND THE ENVIRONMENT 

- Metamasius ritchei (Marshall) : a Coleoptera reported in 
Jamaica. The larva bores large tunnels in the stem and the fruit 
(MARSHALL, 1961); 

. - Augosoma centaurus : a Coleoptera of the Scarabaeidae 
family reported in the Ivory Coast. The adult comes from neigh
bouring forest areas and attacks plants with developing inflores
cences and, above all, nearly ripe fruits (GUEROUT, 19746). 
(photo 88). 

1.4.2.4.3. - MINOR PESTS THAT ATTACK THE LEAVES. 

- Spodoptera exigua : a Lepidoptera reported particularly 
in South Africa, where the larvae devour the base of young leaves. 
The damage only becomes visible when the top part of the leaves 
is pushed upwards by newly formed leaves and the 'cut' base 
appears (PETTY, 1979). 

A related species, S. exempta, also reported in South Africa, 
attacks crowns in particular. 

In Brazil, Parisochoenus ananas , a Coleoptera of the Curculio
nidae family is the most frequently reported species, but other 
Coleoptera are also mentioned, Gladosius sp., as well as Lepidop
tera, Monodes agrotina and Dynastor darius (SANCHES, 1981). 

The adult of the species, which is small, feeds on the non
chlorophyllous basal part of the leaf making small holes through 
which abundant exudate escapes (CUNHA, P. da, 1973). Whenev
er intense infestation requires chemical treatment, the same pro
duct can be used as for Thecla basilides and usually produces 
satisfactory results, although more specific products are often 
more effective. 

1.4.2.4.4. - MINOR PESTS THAT MAINLY AFFECT THE FRUIT. 

Different species of Lepidoptera have been reported : 
- Batachedra sp: . this species is thought to be responsible for 

gummosis of fruits of Red Spanish CVs in Puerto-Rico. The 
female butterfly is attracted to the pineapple inflorescence and 
lays its eggs on a fruitlet. After an incubation period of 6-7 days, 
the larva hatches and penetrates the fruit, and this causes gummy 
exudate to appear. The larva reappears on the surface of the fruit 
after 17-18 days (when it measures approximately 8 mm long). 
It generally spins a cocoon on the fruit peduncle and the perfect 
insect appears after an interval of about 10 days. The complete 
cycle takes 24 to 36 days, depending on environmental condi
tions (PEREZ ESCOLAS, 1959). Methods of controlling this 
pest are the same as for Thecla basilides. 
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- Pyroderces sp . and Decadarchis sp.: several species have 
been identified on Smooth Cayenne CV s. The most widespread 
species in the world is P. rileyi (Walsm) . In the Ivory Coast the 
most frequently encountered species is P. hemizephs (Meyr); 
in Hawaii Decadarchis flauistriata is more common. 

The pink larvae of P. rileyi, which measure 8-10 mm in length, 
usually feed on dried floral parts, but can penetrate underlying 
ovarian locules, possibly providing access for various common 
pathogens such as Penicillium spp. and Fusarium spp. No specific 
treatment is undertaken to control these microlepidopterae. 

- Lagria uillosa: a Coleoptera of the Lagriidae family reported 
in Brazil; its presence favours fusariosis disease in fruits (cf. 
(I.4.2.1.2.2 .) (VENTURA, 1982) (photo 89). 

- Dacus dorsalis ( oriental fruit fly) and Dacus cucurbitae, 
both Diptera, have been reported in Hawaii, at least on certain 
CVs (ARMSTRONG and VARGAS, 1982), but are not reported 
to have caused serious damage. Other species of fruit fly have 
also been reported in several countries, for example Anostepha 
sp. in Peru, etc .. 

Ripe fruits are attacked by various fauna that are attracted 
by their characteristic aroma. These species try to penetrate 
the fruit by even the minutest wound, and can cause damage to 
the fruit via the series of common pathogens that follow them. 
As they never attack green fruits, they cannot be considered pests 
in the true sense of the word. 

The same faunae are also attracted to stems undergoing 
decomposition and accelerate the process. 

In Hawaii, 3 species of Coleoptera have been identified: 
- Carpophilus humeralis (Fab). 
- Carpophilus hemipterus L) ; 
- Haptoncus ocularis (Fairm) ; 

and another in Kenya: Urophorus humeralis (F). 
Damage caused to ripe fruit by Carpophilus hemipterus 

(L) and the nuisance to neighbouring dwellings led Hawaiian 
researchers to consider the possibility of biological control of the 
pest. A Hymenoptera, Zeteticontus utilis (NOYES, 1982), which 
is a natural parasite of C. hemipterus and V. humeralis, was in
troduced from Israel. In the laboratory at a temperature of be
tween 25 and 27°C, the adult stage is attained in 14-15 days, but 
due to certain aspects of its biological behaviour it does not 
provide satisfactory biological control of C. hemipterus in the 
field (GERLING, BEN-MORDECHAI, 1981). 

Two species have been identified in Malaysia : 
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- Carpophilus foveicollis (Murr) ; 
- Haptoncus buteolus (E) 

as well as ants and flies (LIM and LOWINGS, 1982). 
In Puerto Rico the main problem is caused by Carpophilus 

humeralis (Feb). Studies have shown the effect of calcium carbide 
(used for flower induction) on laying, and the effect of humidity 
on the cycle of this pest (GALLARDO COVAS, 1983). Preven
tive measures are recommended in order to limit its impact. 

1.4.2.5. - Weeds. 

Although logically part of the chapter 'The Plant and the Bio
logical Environment' the following section on the effect of weeds 
on the crop is of special significance, since weed control is the 
permanent preoccupation of producers under all conditions gov
erning the cultivation of pineapple, and -should thus be an inte
gral part of all agronomic cultivation schedules envisaged. 

ECONOMIC IMP ACT 

Pineapple plants do not cover the soil well enough to prevent 
a wide range of weeds from developing, if no preventive measures 
are taken (photo 126). This fact is particularly true during the 
first few months of vegetation and is in general aggravated by the 
practice of cultivating pineapple in rows. 

The mass of vegetation the weeds represent can be quite im
pressive: 130 t/ha were collected in 3 manual weeding operations 
over the course of one year during an experiment carried out in 
Cameroon (GAILLARD, 1971). This obviously has an extremely 
depressive effect on growth and development of the pineapple 
crop and consequently on yield. PINON (1976) obtained mean 
yields of 14 t/ha in unweeded plots, as opposed to 79 t/ha in 
manually weeded plots, and as opposed to 83 t/ha (i.e. 6 times as 
much) in plots treated with chemical herbicide and with supple
mentary hand weeding. The presence of weeds is particul~rly 
serious during the first months of vegetation. Weeds have less 
impact after artificial flower induction (REINHARDT and 
CUNHA, 1984). 

In regions that are consistently hot and wet it is estimated 
that 150 to 500 work-days/ha/cycle are needed to maintain the 
plantation satisfactorily free of weeds if chemical herbicides are 
not used, or in other words, up to 75% of the total labour needed 
to obtain a fruit on the plant. 

Competition between cultivated plants and weeds is not only 
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for nutritive elements, but more often for water, and later on also 
for light, especially in the case of climbing vines that cover the 
pineapple plants. 

In addition, weeds provide an ideal environment for the multi
plication of pests such as nematodes, symphylids, the larvae of 
Coleoptera and Lepidoptera, and so on. Weeds can also include 
host plants for mealy bugs that transmit wilt (cf. I.4.2.2.2.), 
or, as is the case of 2 common weeds, Emilia sonchifolia and 
Bidens pilosa, they can be carriers of the yellow spot virus trans
mitted by thrips (cf. I.4.2:2.1.) . 

BIOLOGY OF WEEDS 

Inexpensive weed control depends on detailed knowledge of 
the biology of each species of weed, cycle, requirements, parasites, 
method of reproduction, dispersion, etc. , and the ability to 
recognise the species of weed in the field at every stage of its 
development . 

'Adventias Tropicales' (MERLIER and MONTEGUT, 1982) 
has filled a gap in this field, but more knowledge will be required 
about the biology of the main weeds before cheaper weed control 
is possible. 

Species of weeds found in pineapple plantations can vary 
considerably from one locality to another. However, the rela
tive uniformity of techniques and the limited range of herb
icides used throughout the world has resulted in the selection 
and creation of certain basic flora that are encountered in the 
majority of pineapple producing countries. Among these, some 
species are particularly feared as they are so difficult to control. 
Some information about these species and specific means of 
control for each is given in the section on plant protection (cf. 
II.9.14.). 

It is certainly true that at the present time the cost of weed 
control is high and that it can represent a serious source of pollu
tion due to present limited knowledge in this field, as well as the 
lack of distribution of available knowledge to producers. The 
field of plant protection must now move towards the use of 
integrated techniques, with chemical herbicides as only one of a 
series of measures. 

METHODSciFWEEDCONTROL 
Bio-ecological approach. 

Bio-ecological methods tend : 



268 THE PLANT AND THE ENVIRONMENT 

- either to encourage the growth and development of the pine
apple so that it gains the upper hand over weeds; 
- or to clean the soil before planting : 

. by planting a crop that covers the soil well before pineapple 
and/or 

. bu tilling the soil to encourage the seeds to germinate and 
subsequently destroying the young weeds, reproductive 
organs, and organs of conservation. 

Biological control has only been the subject of limited trials. 
In Hawaii, a fly, Procecidochares utilis, was introduced from 
Mexico. The larva has a marked influence on the development 
of a woody species, Eupatorium adenophorum (NAKO, 1966). 
In many countries Cyperus rotundus is parasitized by rusts, 
but no organised biological control has been undertaken up to 
now. 

Chemical approach. 

The 1950s saw a marked increase in the use of chemical 
herbicides, without which the majority of plantations located 
in regions with high labour costs would have disappeared (PY, 
1978). 

Herbicides are now rarely used on their own. Very frequently 
the combination of mechanical and chemical weed control has 
proved to be the most effective. 

Chemical herbicides are used at four distinct stages in the 
plant cycle , 

- soil preparation; 
- when the shoots are planted; 
- during the course of vegetation; 
- after the fruit is harvested. 
The situation is quite different at each of these stages. 
Methods of treatment and the main characteristics of the 

most commonly used products are given along with mechanical 
weed control techniques in the section on plant protection ( cf. 
II.9.14). 



1.5 .. FROM BIOLOGY TO CULTIVATION 

In comparison with other plants cultivated on an industrial 
scale, pineapple has a number of original botanical and physio
logical characters that are linked to certain epiphytic aspects (cf. 
Botany, I.3 .1). and to its peculiar metabolism: CAM (cf. I.3.2). 
Pineapple can adapt to a wide range of environments (cf. Ecology, 
I.4 .1.1. and 1.4.1.2.), which do, however, have a considerable 
effect on its behaviour. Moreover pineapple is extremely sensitive 
to the biological environment (cf. I.4.2.). 

1.5.1. · Length of cycle · Weight and quality of the fruit . Yield 
per ha. 

It is rather difficult to characterize the potential of the main 
pineapple producing areas. Several authors have already attempted 
this task and table 38 represents a further attempt, which is admit
tedly far from perfect. Comparable data are unfortunately not 
always reliable, but mainly the comparison is hampered by the 
fact that production depends to a large extent on the adequacy 
of cultivation techniques (Fertilization, II. 7; Irrigation, II.8; 
Parasites, II.9; Control of the Cycle, II.10) with respect to the 
physical and biological environment. 

Generally speaking, plant crop yields are usually between 30 
and 100 t/ha; these figures include planting densities that them
selves vary considerably from one locality to another. Consequent
ly it is often preferable to describe production in terms of length 
of cycle and fruit weight. Yields are then expressed in tons of 
fruit/ha/month of soil occupation (i.e. the total number of months 
from planting to replanting, possibly including several ratoon 
crops. Variations are then even greater. Aside from localities 
with distinct seasonal differences, the length of the fruit develop
ment stage only varies a little in contrast with the vegetative stage, 
which is both longer and more variable, and more influenced by 
environmental conditions and the level of technology used in 
cultivation. The weight of the plant, leaf mass and the weight of 
the D-leaf at flower induction (forcing) are all directly linked 
with the weight of the fruit (PY and LOSSOIS, 1962; TAY and 



TABLE 38 · Some characteristics of cycle in different countries. 

Coun tr y Cul ti var Type of school use d 

Martinique 
. Morn e Rouge ( 350 m) Smooth CayennE Sucker 
. !Jasse Poin te ( 60 m) " Cr own 
. Lamen tin (20 m) " Sucker 

Ivor y Coast 
. lJonoua " Suc ker 
. Angu6d6dou " Sucker 
. Yamoussoukro 

" Sucker 
( with irriga tion) 

Australi a 
. Yeppoon " Sli p 

II awaii 
. Wahiawa " Sli p 

Ta i'wan 
. To uliu " Slip 

Venezuel a 
. Sarara ( Lara ) Red Span i sh Sli p 

Brasil 
. Pitangue ras (S P ) Smooth Cayenne Slip 
. Corac;ao de Mari a (BA) Perola Sucke r 

Cameroon 
. Nyombe Smooth Cayenne Sucke r 

Col ombia 
. Cali Perole ra Slip 

Products used for fl oral induction : 

(A) Acet ylene 
( E) Ethephon 
(BOH) Betahydroxy-e t hylhydrazine 

Pl anting De nsity 
Time between planting Fruit weight of 

and flora l induction the r2.%'a crop 

66 000 11 mon th s (A) I. 28 
55 000 10 " (A) 2.00 
51 000 10 " (A) I. 85 

5 1 000 11 " (A) I. 80 
51 000 9 " (A) J.80 

66 600 7 " (A) I. 32 

36 000 16 " (BO H) J .65 

43 000 14 " (BO H ) 2.36 

44 400 16 " ! J. 6 2 

27 780 (E) J.49 

55 600 12 " (A) J. 60 
27 500 10 " (E) J. 36 

6 1 500 6 " (A) J. 60 

49 300 16 
I 

" (E) J.67 

Re fe rence 

Lacoeuil he , Gicquia u x ( 1971) 
Lacoeuilhe ( 1979 ) 
Lacoeui l he, Gicquiaux ( 1971) ! 

Pi non ( 1975) i 
Lacoeuilhe (1978) 

Combr es ( 19 81) 

Jorgensen ( 1973) 
i 

I 
I 

Bartholomew, Kadzimin ( 1977) I 

I Su ( 1969 ) ! 
I 

Antoni, Leal ( 1980 ) i 
1 
i 

[ 
Py, Gi acom e lli ( 197 3) I 
Re inhardt ( 1980) 

I 
' i 
i 

Gaill a rd ( 1970) 
I 

Guyot ( 1982 ) 
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WEE, 1973) (cf. I.3.4.3.). T~us, the age of the plant at flower 
induction is the basis on which a reasonable estimate can be made 
of fruit production under given conditions. 

Production of dry matter is of course very high during the 
fruit development stage ( cf. I.3.5.) to 'fill' the fruit, but growth 
depends to a large extent on the condition of the plant at flower 
induction (nutritional status, root activity). During this stage, 
photosynthetic activity can be_highly influenced by water stress, 
mineral deficiency and root parasites, and this also affects fruit 
quality. To put it in the simplest terms, the quantity of the 
yield is primarily determined during the vegetative stages, although 
floral initiation plays an important role (cf. below), whereas 
quality depends on the fruit development stage. 

I.5.2. - The production of dry matter - Water efficiency. 

The differences between the lengths of the vegetative stage in 
different localities are mainly caused by photosynthetic activity, 
which is determined by climatic conditions. Plants like pineap
ple can adopt one of two different forms of metabolism with 
different photosynthetic yields (cf. CAM 1.3.2.). The production 
of dry matter varies with their respective rate . The speed of 
growth increases with an increase in the plant's ability to fix 
carbon dioxide during the day , which results is a high photosyn
thetic yield. 

Many different factors are involved in inducing one or the 
other methods of fixing carbon dioxide. The ability of the plant to 
react to fluctuations in the environment is based on numerous 
highly tuned responses, which, without the endogenic rhythms 
that regulate , could be excessive. 

The water supply certainly plays one of the most important 
roles among the factors that induce CAM. Water stress can occur 
as the result of an insufficient supply (rainfall , soil water reten
tion) or due to the inability of the roots to absorb water (parasi
tes or cultivation techniques). By inducing CAM, water stress· 
triggers more efficient use of available water by the plant (reduced 
transpiration rate). Pineapple is both morphologically and phys
iologically adapted for the efficient management of limited 
water supplies. 

This fact has often led to the belief that pineapple is well 
adapted for growth in dry areas, especially since temporary 
water stress is less serious than water saturation of soil over the 
same length of time (cf. 1.4.1.1.) . 

From an agronomic point of view it is equally clear that the 
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objective should be to obtain a high photosynthetic yield because 
of a satisfactory supply of water to the plant. This implies that 
all cultivation techniques leading to this objective should be 
applied (naturally, within the limits of profitability). 

However, a form of metabolism that tends towards the me
sophytic rarely functions for a long time without the additional 
influence of another factor, the most frequent being sunlight. 
This results in: 
- a high rate of evaporation from uncovered soil, in addition to 
drying out of the superficial layer of soil. The depth of pineapple 
roots is often insufficient to eliminate the danger of their drying 
out, and their sensitivity is often increased by insufficient aera
tion of deeper layers of soil, and by parasites. The relative weak
ness of the root system is a hindrance to a satisfactory supply 
of water to the plant ; 
- excessive leaf temperatures plus high temperature gradients, 
which probably result in marked variations in enzymatic react
ion and stomatic regulation (AUBERT and BARTHOLOMEW, 
1973) in a way that is unfavourable to plant growth. High tem
peratures can also have a damaging effect on fruit quality (cf. 
I.4.1.4.). 

1.5.3.- Flower induction (forcing) and its consequences. 

In addition to all the above-mentioned factors, the possibility 
of artificially inducing flowering in pineapple (which is unique 
among plants cultivated on a large scale) plays a highly significant 
role in planning yields. 

Flower induction is a crucial moment. The condition of the 
plant at this particular time is the outcome of vegetative growth 
and determines the number of individual flowers, which is the 
most influential factor in determining yield ( cf. I.3.4.3.). It 
also plays a significant role in fruitlet 'filling', as well as in the 
growth of the shoots. However, the specific nature of artificial 
flower induction also plays a role in determining fruit weight 
(cf. I.3.4.1.2 and II.10). 

The introduction of artificial flower induction has modified 
pineapple-producing areas. Hot, wet regions near the equator, 
which favour rapid production of dry matter, but where flow
ering is erratic, under natural conditions, can now be profitably 
used for the production of pineapple thanks to controlled flow
ering. In addition, since these regions are highly productives, they 
are well adapted for continuous production throughout the year. 
This aspect will remain significant for as long as it takes to com-
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pletely overcome 'natural ' flowering that still occurs frequently 
at higher altitudes where there are marked seasonal differences. 

Wet, equatorial conditions, however, are not ideal for obtain
ing top quality fruits, especially with Smooth Cayenne CV s. 
Until CVs are available that are better adapted to a hot, wet 
environment, zones in these regions that are suitable for pineapple 
cultivation imply a compromise between productivity and fruit 
quality . 

Artificial flower induction can only be of benefit if the result
ing fruits comply with standard marketing requirements, which 
can be relatively strict, depending on economic objectives. This 
implies that the exact stage of growth at which flower induction 
is to be carried out must be quite clearly defined with respect 
to the type of fruit to be obtained. 

In this way, correlations have been established between locali
ties and specific cultivation techniques (cf. 1.3.4.3.), which are of 
great interest in connection with management of the plots. More 
complete understanding of the transformations that take place 
during fruit development will probably allow even more satis
factory control of cultivation. Progressively greater technical 
control of flowering with respect to the speed of plant growth 
has led to a shortening of the cultivation cycle. However, it is 
not certain that all the practical implications have been under
stood, due to the lack of theoretical knowledge on this subject. 

In practice, artificial flower induction is rarely a complete 
success. The success rate thus plays a determining role in the size 
of the yield. It is also the cause of heterogeneity within the plot, 
which is of particular significance in connection with the harvest
ing of shoots and possible ratoon crops. 

1.5.4 .. State of the population. 

The above-mentioned correlations concern mean growth of the 
whole population, but considerable variation occurs between 
individual plants. All plants that are unable to produce fruits are 
unproductive, as are plants that do not f.l.ower when desired. Thus 
the state of the population at the moment of flowering is of 
extreme significance. 

The use of clones (identical individuals) rather than more or 
less heterogenous individuals is clearly a better means of obtain
ing a satisfactorily homogeneous population, but other factors 
must also be taken into consideration. 

Pineapple has a relatively underdeveloped and fragile root 
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system. This is due to a number of epiphytal characters the plant 
has retained. The fragility of the root system is often a source of 
heterogeneity between individuals. Conditions that favour an 
improvement in the ratio between the roots and the aerial parts 
of the plant are often those that favour productivity and savings 
in inputs. The ratio varies with the age of the plant and is observed 
to decrease in all species, but variations are particularly marked 
in pineapple. Root growth (cf. I.3.3.2 .) is quite rapid at the 
beginning and subsequently slows down quite considerably, 
whereas growth of the leaves increases faster over a longer period 
(cf. I.3.3.4 .). In addition, the sensitivity of the root system to 
unfavourable factors (soil, parasites) (cf. I.4.1.2. and I.4.2.) 
does not improve matters. Since the ratio of the roots to aerial 
parts of the plant cannot go beyond a certain limit (balance 
of metabolites and hormones) the risk of a slow-down in growth 
is high both in the case of the individual plant and the population 
as a whole. Fruit weight and fruit quality as well as the production 
of shoots, upon which reproduction and the possibility of a 
ratoon crop depend, are concerned by these aspects, which togeth
er determine productivity . 

As is true of all plants with vegetative reproduction, the con
dition of planting material at planting is extremely important. 
The type and weight of shoot frequently constitute the criteria 
used in practice (cf. II.6 .), although studies in a controlled en
vironment have shown that these data are far from adequate for 
assessing the physiological condition of planting material. The 
capacity of the shoots to put out roots and thus become auton
omous is the main source of heterogeneity between plants. 

The soil the roots penetrate may or may not allow the ex
pression of initial root growth potential. The soil is not homo
geneous (temperature, humidity, aeration, mineral elements, par
asites, symbiosis) and tends to augment existing variations. The 
first growth phase when the root system is being established is 
extremely important (cf. I.3.3 .2.). The longer it lasts (due, for 
example, to drought), the more heterogeneous the population will 
be. 

The speed with which the soil is covered by vegetation also 
depends on the length of this initial stage. Even though pineap
ple has a high leaf area index (leaf area/area of soil occupied) 
(cf. CAM. 1.3.2.) , the soil remains more or less uncovered for a 
long period of time ( cf. fig .62) due to slow initial growth. During 
this period several different factors are thus likely to limit the 
growth of individual plants, i.e. erosion, modifications in soil 
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Figure 62 • Variations in cover with pineapple in comparison with o ther crops. 
Ivory Coast (ROOSE et al., 1979). 

structure, soil temperature and soil humidity, leaching of miner
al elements, competition from weeds. Added to these are bio
logical factors such as parasitism, the significance of which varies 
with time depending on the initial condition and the dynamics 
of the population, in the same way as does the significance of 
weeds (cf. The Plant and the Biological environment, I.4.2.). 

Via their effect on the root system in particular, all these 
factors determine the behaviour of the plant with respect to 
environmental conditions that vary in space-time. They contrib
ute to henerogeneity, which always tends to increase in time 
(HAINNAUX and DE RICAUD , 1977a) and which appears 
before competition starts between the individual plants that 
make up the population. 

The lack of any well-demonstrated effect of light on vegeta
tive development (this is not true during development of repro
ductive parts) even at very high densities is perplexing (BARTHO
LOMEW and KADZIMIN , 1977). On the other hand, a certain 
amount of competition appears quite soon in connection with 
the soil. 

I.5.5.- Plant nutrition. 

The relative weakness of the root system limits potential 
absorption of mineral elements. As the plant ages, its nutrition
al status becomes a determining factor in the development of 
the population. 
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Two factors nevertheless have to be taken into consideration: 
- the fact that plant morphology favours leaf absorption. This 
potential is . widely used in industrial cultivation of pineapple 
by leaf sprays ; 
- root absorption capacity with respect to environmental supplies 
is well-developed (TISSEAU Renee, 1971). This character gains 
in significance due to the rapidity of nitrogen dynamics in the 
soil in tropical countries with wet climates. However, it is only 
of interest due to the capacity of the plant to accumulate and 
store this mineral, as evidenced by the nitrogen/leaf growth rate 
ratio (MARTIN-PREVEL, 1959a). In this way the plant can 
profit from fluctuations in e'nvironmental supplies. Absorption 
of mineral elements can precede plant requirements and 11eip the 
plant survive unfavourable conditions (temporary · deficiencies, 
drought, excess soil water, etc.). 

The significance of these factors under natural conditions is 
relatively limited since supplies of nitrogen are often an extreme
ly limited factor. But thanks to fertilization, the mineral ele
ments at the plant's disposal can be controlled much more easily 
than other factors mentioned in the connection, i.e. humidity, 
temperature and light. By improving the ratio between the aerial 
parts of the plant and the roots, fertilization improves global 
productivity (vis-a-vis these factors as a whole). For this reason 
fertilization plays a very important role in crop management. 

Fertilization should exploit the two above-mentioned plant 
characters. The soil, which is a natural reserve of mineral elements 
at the plant's disposal, is not necessarily the only medium to 
be used ( cf. leaf absorption) . In order to avoid plant nutritional 
status being a limiting factor, the rate of absorption of mineral 
elements should always anticipate the rate of growth ( cf. storage 
capacity). 

During vegetative growth, mineral element requirements are 
determined by the potential production of dry matter, which, 
in turn, is determined by ecological factors. CAM also plays an 
important role. Relations between plant nutrition and this type 
of metabolism, which is peculiar to pineapple, is a potentially 
rich source of information, in particular in connection with 
fruit quality. The fruit only represents approximately 40% of the 
total dry matter produced by a Smooth Cayenne CV. 

In conclusion, plant nutrition is one of the factors that is easi
est to control. Fertilization is one of the main ways of increas
ing the profitability of the crop. However, it must not be consid
ered as an isolated tool in the whole complex of plant-soil-climate
cultivation techniques. 



PART TWO 

CULTIVATION 





Part Two discusses the practical application of the basic infor
mation in Part One. It also reviews the most satisfactory methods 
of pineapple cultivation in the most frequently met economic, 
ecological, structural and social contexts. 

Efforts have been made to provide indispensable basic informa
tion in addition to practical guidelines for each logical stage in 
pineapple cultivation. This is to help producers faced with a varie
ty of choices to define their overall strategy, and select the cultiva
tion techniques best adapted to their own specific conditions. 

In order to keep the size of this work within reasonable bounds, 
this section is intentionally limited to the intensive cultivation of 
the Smooth Cayenne CV . Whenever reference is made to other 
cultivation systems, whether or not these are associated with other 
CVs, only a limited number of details is given. 

The three tables in the appendix to Part Two give a general 
review of the most frequently encountered abnormalities and ac
cidents in pineapple cultivation together with their causes. The 
first table is intended to help producers diagnose the overall vege
tative condition of the field with respect to different types of 
heterogeneity . 





11.1.- CULTIVATION SYSTEMS. CROP COMBINATIONS 

11.1.1.- RANGE OF CULTIVATION SYSTEMS. 

A relatively wide range of cultivation systems is used for pine
apple throughout the world, but in fact the majority of planta
tions use very similar systems. 

The simplest system that exists consists in gathering the fruits 
f.rom wild pineapple plants for immediate consumption. This is 
true of 'ananas do indios', (whose exact place in the «Ananas » 
genus has not yet been clearly defined (cf. I.l.). It is found under 
tree cover in degraded forests in the central Brasilian plateau 
( 'cerrado'), particularly around Brasilia. 

A slightly more complex system still widely practised at the 
present time for the cultivation of certain CVs of the Spanish, 
Queen and Pernambuco groups, involves limited soil prepara
tion. All types of planting material are then planted side by side 
irrespective of the season and the length of their individual growing 
cycles. Some effort is made to prevent weeds growing, and the 
fruits are then harvested . The crop occupies the soil for 4 to 5 years 
and occasionally for more than 20, thanks to successive vegeta
tive generations, and 1 to 2 harvests per year are generally possible 
at more or less fixed intervals. Yields increase during the first 
few years, then decrease and stabilize in subsequent years due to 
the development of parasites. 

At the other extreme are highly sophisticated cultivation sys
tems applied with the aim of making immediate profits. These 
generally necessitate large inputs in order to obtain the highest 
possible yields per unit of soil occupation time. Thus several har
vests are usually obtained from one plant and maximum use is 
made of all by-products from the crop . 
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11.1.2.-MAIN FACTORS DETERMINING THE CULTIVATION 
SYSTEM 

Economic objectives. 

Cultivation systems are most often determined by market 
demand, whose two main criteria are: quantity and quality . 

Producing small quantities of fruit for the local market ob
viously requires a different cultivation system than what is used 
for the mass production of fruit for canning, or the technically 
sophisticated production of pineapples destined for export to the 
fresh fruit market. 

Demand often determines the harvest date; this is particularly 
true in the case of production of fresh pineapple for export, which 
must not coincide with local fruit harvests in the market region. 
for local consumption. 

Physical environment. 

The physical environment represents constraints that also play 
a determining role in the choice of a cultivation system. Rugged 
terrain often necessitates erosion prevention measures (strip culti
vation of crops with different cycles, contour cultivation, etc.) . 
Certain soil and climatic characteristics can require special culti
vation techniques and a combination of these can result in culti
vation systems that are quite different. 
Extreme cultivation conditions produce the biggest variety of 
cultivation systems. 

Biological environment. 

The presence of certain diseases or pests can impose specific 
harvest dates requiring the use of different cultivation techniques 
or even of different cultivation systems. 

Availability of land - land regulations. 

Where available land is limited , high yield cultivation systems 
often have to be adopted to afford the costs of a farm manager 
and/ or to pan off investments such as a packing plant, specialized 
agricultural equipment, etc.. Depending on land regulations, 
producers inevitably tend to think short term or at least relatively 
short term. 
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Planting material. 

Some CVs e.g. Natal Queen, have botanical and physiolog
ical characterictics that differ considerably from the Cayenne 
group. Thus, quite different cultivation systems are sometimes 
necessary , for example cultivation in clumps, using stumps as 
planting material, etc .. 

It is also true that for any given CV, the initially used system 
may be quite different from that used once the plantation is estab
lished, as the initial aim will be to produce as much planting ma
terial as possible (cf. II.13). 

Use of plant protection products and fertilizers - environmental 
protection. 

Whatever the reason (limited supply of means of production, 
amount of inputs limited for financial reasons, or in an effort 
to preserve the environment) , the basic aim is always to improve 
the ratio between energy produced (sueable energy) and energy 
introduced into the system. Logically the result should be the 
adoption of systems that are highly efficient with respect to the use 
of inputs, whereas in the absence of restraints of this nature, less 
restrictive means of production can be applied. 

Cost of labour. In developing countries, the cost of labour is 
also affected by the availability of labour. This will determine 
the extent of mechanization (which also depends on the topogra
phy of the locality and/or some physical characteristics) and thus 
to a large extent the type of cultivation system adopted. 

Finally, the choice of a cultivation system may also be in keep
ing with regional development policy, and the multiple aims of 
such a policy may privilege the social aspect. In this particular case 
the limitations will be quite different and are most frequently 
concerned with the organization of production, which can lead to 
the adoption of a particular type of cultivation system (to be 
recommended, for example, in the case of the consolidation of 
crops). 

11.1.3.- SELECTION OF CROPS THAT CAN BE COMBINED 
WITH PINEAPPLE 

Among currently applied cultivation systems and those under 
consideration, many combine pineapple cultivation with that of 
another crop to optimize use of the environment. This is primarily 
to increase profitability, but also with the aim of reducing inputs 
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either to protect the environment or to avoid the consequences 
of unfavourable environmental factors. 

Combining pineapple cultivation with another crop can take 
the form of crop rotation or inter-row crops. 

The type of crop rotation traditionally practised in many de
veloping countries is to cultivate pineapple straight after the area 
has been cleared, i.e. generally after destruction of existing vege
tation by burning. Later the field is abandoned and is rapidly 
invaded by the type of forest growth typical of extremely degrad
ed forest. 5 to 7 years are usually left between two cycles of pine
apple cultivation. 

A marked improvement on this technique is to cultivate a crop 
that improves the soil between two pineapple cultivation cycles, 
either plants that fix nitrogen (leguminous plants), or plants with 
extremely deep roots (which permit partial recovery of leached 
elements and also improve deeper layers of soil), or plants which 
are bad hosts for certain pineapple root parasites, such as nema
todes (tagetes), or other plants that are capable of fufilling sev
eral of these requirements simultaneously, i.e. both improve the 
soil and reduce the number of root parasites. This is true of Crota
laria usaramoensis and Flemingia congesta in particular, and to a 
lesser extent, Stylosanthes gracilis. Use of the first 2 species has 
resulted in an accumulation of positive effects that increased yield 
by from 25 to 32% (FOSTER, 1953b; Anonymous, 1975 ; TIS
SEAU,M.-A., 1969; GODEFROY and GUEROUT, 1969). 

A further step in sophistication, consists in cultivating a crop 
that can also be eaten or sold. The most commonly used crop in 
this respect is sugar cane. The choice of crops that can be grown 
with pineapple is often limited by the fact that pineapple herbici
des have residual effects over long periods. Studies were recently 
carried out in Hawaii to determine the residual effect of diuron 
in different plants. In the locality where the studies were carried 
out, residual effects became negligible after 6 months (ELDER 
et al., 1981). However, with the use of post-emergence contact 
herbicides with no residual effect in the soil (such as glyphosate) 
this problem is no longer of consequence (cf. 11.9.14.2.2.). 
This should extend the range of crops that can be grown in rota
tion with pineapple, in particular such crops as bananas, soya and 
all types of vegetables, although the problem varies with the length 
of cycle. 

Inter-row crops may be considered from 2 different points of 
view: either pineapple is used as an inter-row crop with plants 
having more vegetative development, or another plant is used to 
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cover the inter-row spaces in pineapple plantations. 
In both cases the aim is primarily to improve soil productivity, 

sometimes with the additional objective of extending the range 
of produce (for a variety of reasons) or to cut down on inputs. 

In the former case the most commonly used plants are oil 
palm, date palm, coconut (photo 106), forest species, Acacia al
bida, or different fruit-bearing species, citrus, avocado, mango, and 
more rarely coffee or passion fruit (photos 103 and 104). The 
combination papaya/pineapple is particularly favourable in areas 
with a Sahel type of climate, as the shade provided by the papaya 
reduces heating of the pineapple leaves and thus improves growth 
and development of the plant (KAPLAN, 1976a; PY, 1980; LEE, 
1972; (photo 103). Pineapple plants are generally left in place for 
2 or 3 cycles,i.e. as long as the foliage of the woody plants does not 
become a serious limiting factor for the pineapple crop. 

Sometimes pineapples are cultivated under date palms in desert 
regions or under coconut palms by the sea. This type of cultivation 
dates back a long time, and in this case pineapple is cultivated 
permanently in the same way as cereals and vegetables. 

In the latter case, i.e. inter-row crops with pineapple as host, 
rapidly growing plants with limited development and a short cycle 
are chosen, at least in high-density plantations (space between 
rows, 90 to 100 cm). Among the most commonly used crops 
are ground nuts (peanuts) (photo 105), rice (photo 107), cassava 
(manioc) (photo 108), pimento and various types of vegetables, 
beans, lettuce, etc .. (LEE, 1972; GIACOMELLI and PY, 1981). 
Crops of this type mean the farmer has to keep the plantation 
perfectly clean from the earliest stages on. They can be considered 
as 'improvement' crops in the their own right (case of leguminous 
plants), or because of the care they necessitate. Crop residues 
can be used a mulch and help limit subsequent development of 
weeds and loss of water to the atmosphere (cf. II.5.2.). 

In another connection it has also become clear that this type of 
crop association limits the risk of erosion and can also to a certain 
extent limit the development of populations of parasites. In any 
case, crop combination is justified by the reduction in economic 
risk it implies (Anonymous, 1981a). 

Inevitably this type of crop association implies limitations, 
particularly in connection with mechanization and/ or in the case 
of limited rainfall. This can lead to the adoption of new techniques 
and eventually to the introduction of a different cultivation system. 
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11.2.1.- CHOICE OF SITE. 

Soil and climatic conditions were discussed in detail in the 
sections 'The Plant and the Climates' (I.4.1.1.) and 'The Plant 
and the Soil' (I.4.1.2 .). The choice of site must depend on a cert
ain number of factors linked to the physical environment; such 
as water supply, drainage, risk of frost (in some relatively extreme 
production areas) and the topography of the locality. Other fac
tors that have to te taken into consideration are basically economic 
and social, i.e.: 

- distance from market (local market or processing plant) or 
point of embarkation (port or airport) in the case of export to fresh 
fruit markets; 

- availability and quality of infrastructure (roads, ports); 
- availability of labour, cost of labour and skill, which will 

determine the extent of mechanization (also linked to physical 
factors, see above). 

Other factors are connected with legal regulations and financial 
policy (land regulations, availability of loans, fiscal advantages, 
etc.). 

Soil protection. 

One of the main preoccupations when new land is to be used is 
to safeguard the capital represented by the soil. As pineapple 
gows slowly, the soil is very exposed (particularly during the early 
months) to all types of attack by the climate and primarily to 
erosion (photo 110). Risks vary from one type of soil to another, 
depending on specific soil characteristics and in particular on the 
intensity and frequency of rainfall. Generally speaking, the risk 
can be considered particularly high with slopes of more than 2 to 
3%. The soil load washed away per volume unit of runoff (turbidi
ty) and erosion in the true sense of the word increase more rapidly 
than the slope of the terrain (ROOSE; ASSELINE et al., 1978). 

On slopes of more than 5%, effective erosion control measures 
are often more difficult and in any case extremely expensive. 
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Wherever possible, it is preferable to avoid cultivating pineapple 
under these conditions and instead to plant shrubs and trees with 
cover crops that effectively protect the soil. Consequently some
times when sites are being prepared, enclaves of shrubs or trees are 
planted in the middle of the pineapple plantation (photo 109). 

Clearing by cutting down trees and burning them on the spot, as 
is frequently done by small village plantations, has the disadvantage 
of destroying a large proportion of organic matter in the top layer 
of soil, but on the other hand the soil is enriched by the ashes 
and the presence of a network of roots and tree stumps consid
erably reduces the risk of erosion. 

The risk of erosion is also substantially reduced when the 
longest axis of the plot is perpendicular to the axis of the steepest 
slope and plots are interspersed with plants of different cycles, 
i.e. of different ages. 

In the case of large plantations, where clearing is carried out 
by uprooting and removing trees and shrubs from extensive areas 
using bulldozers and other equipment, the risk of erosion is high. 
In this case the following recommendations should be followed: 
- equipment with front-mounted bars should be used in order to 
leave as much soil as possible where it is, and also to avoid mixing 
the different layers of soil. If levelling is indispensable, the hori
zons should be replaced as far as possible in the same order, by 
filling in the bottom of any depression with earth removed from 
the lower horizon. 
- place vegetation to be destroyed in windrows located as far 
as possible along contour lines of future plots. The vegetation 
is subsquently usually burnt for convenience. It is advisable to 
plant without delay rapidly growing plants such as bananas or 
papayas, to anchor the soil. Later, the ashes should be spread over 
the whole area, unless the windrows are permanently anchored 
by planting shrubs or trees. 

11.2.2.- PARCELLING THE PLANTATION 

The following factors must be taken into account: 
- erosion control measures that may have to be taken, possibly 
including a drainage network. In this case, the laying out of drains 
must take precedence over every other consideration in the organ
ization of the plantation (COEY and GLENNIE, 1979). 
- the need for a network of farm tracks. This depends initially 
on erosion control measures and secondly on the type of agricultur
al equipment envisaged for plantation management and harvesting 



PHOTO 101 - Development of leathery poc-ket of 
Perolera CV. Necrosis of the axis of the placenta 
with development of Penicillium funiculosum on the 
surface of the ovaries and on the inside surface of the 
ovarian locule (3 weeks after flowering) (electron 
microscope photograph, enlargement: x 25). (By per
mission of Mourichon). 

PHOTO 102 - Longitudinal section of blossom cup 
with abundant fauna, mainly coccids: and mites. (By 
permission of Vuillaume). 

Black spot 2 
Pathogen penetrating developing fruit 

(Penicillium sp. and Fusarium sp .) 

PHOTO 99 - Mycelium development at base of blossom 
cup at entrance to nectary ducts (enlargement: x 37 .5). 
(By permission of Mourichon). 

PHOTO 100 - Mycelium development in nectary duct 
2 weeks after flowering (enlargement: x 90) (scanning 
electron microscope photograph). (By permission of 
Mourichon) . 



PHOTO 104 - Inter-row culti
vation of pineapple with cof
fee - Brazil. (By permission 
of Py) . 

PHOTO 103 - Pineapple culti
vation under papaw trees -
Upper Volta. (By permission 
of Py). 

PHOTO 105 - Inter-row culti
vation of ground nuts (pea
nuts) with pineapple. (By 
permission of Aubert). 



PHOTO 107 - Inter-row cultivation 
of rice with pineapple - Brazil. (By 
permission of Giacomelli). 

PHOTO 106 - Cultivation of pineapple 
under coconut trees - · Ivory Coast. 
(By permission of Py) . 

PHOTO 108 - Inter-row cultivation of 
cassava (manioc) with pineapple. The 
cassava is planted on ridges with the 
pineapple between the ridges. (By 
permission of Giacomelli). 



PHOTO 110 - Serious erosion of sandy 
soil - Ivory Coast. (By permission of 
Lacoeuilhe). 

PHOTO 109 - Aerial view of contour 
planting of pineapple in Hawaii. The 
width of the strips of pineapple is 
twice the length of the spray booms 
and the harvesting machines. 

1 PHOTO 111 - Small pineapple plantation 
on steep slope in Martinique. (By per
mission of Lacoeuilhe). 
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(photo 109), 
- the possible need for an irrigation network. 

Limitations imposed by different types of erosion control and by 
drainage. 

When the terrain is not particularly rugged and the soil is 
sufficiently permeable to absorb rainfall, it will generally suffice 
to plant rows perpendicular to the axis of the steepest slope, 
or better still, following the contour lines, 'compartmentalizing' 
the ground if necessary, i.e. by forming small walls of soil at regular 
intervals between the raised rows, which then form beds (PY and 
TISSEAU, M.-A., 1965). On clayey soil on the other hand, and 
particularly when it is necessary to prevent rot caused by Phytoph
thora, rows should be planted on a slight slope, the rows them
selves being slightly raised to form beds. The water that accumu
lates between the beds is then collected in drains (JAMESON, 1975; 
COEY and GLENNIE , 1979). Consequently, the drainage network 
connecting them is of extreme importance. 

Between these two extremes there are a large number of op
tions. In practice, every terrain has its own specific requirements: 
type of drains and how they are laid out, the density of the drain
age network, etc., all of which will depend on the topography of 
the site, the type of soil , and how overland runoff can be drained 
away. 

In the most favourable conditions, drains that are quite open
mouthed (so as not to obstruct the way for farm equipment) may 
be sufficient if they are laid out with a slight slope that increases 
gradually (e.g. 0.02 to 0.05%. The drains then wind their way 
through the plots (irrespective of whether the plots have been 
planted along contour lines) until they reach a place where the 
water that has been collected cannot cause any damage downstream 
(stream, wooded gully, etc.). 

A further option is to install the drainage network along the 
sides of farm tracks. This means the tracks must be laid out on a 
regular, gentle slope. If this is not so, there is a risk of water ac
cumulating, which can lead to the start of surface erosion (ROOSE 
and VALENTIN, 1979). 

Where the risk of erosion is high, drains are best installed where 
water naturally drains away, i.e. in the direction of the steepest 
slope. In this case it is indispensable to stabilize the drains either 
by planting a vigourous, rapidly growing cover plant with a well
developed root system (ROOSE and VALENTIN, 1979) (assum
ing its development can easily be controlled to prevent it becom-
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ing a weed in the plantation) · or by using a stabilizing material, 
e.g. tar or cement, or by installing proper, durable drainage ditches 
(JAMESON, 1975; COEY and GLENNIE , 1979), or a permanent 
underground drainage network . 

Other measures that can be taken to limit the risk of erosion 
are deep ploughing to encourage penetration of the soil by the 
water, planting the most exposed slopes sufficiently in advance 
of the rainiest periods, strip cultivation of plants of different 
cycles, which implies planting shoots at different dates, etc .. 

Limitations connected with mechanization. 

Intensive cultivation requires large quantities of fertilizers 
and pesticides and except when these are supplied via the irriga
tion network (irrespective of whether sprinkler or drip irrigation 
is used) or are entirely in solid form , high volume sprayers are 
used on most technically sophisticated plantations (cf. 1.4.2.2 .2.). 
Three different types of high volume sprayers are available: 
- the regular sprayer which moves along the track and is linked 
by flexible tubing to a portable boom carried by farm workers 
(photo 134). This type of device can be used irrespective of the 
shape or size of the plots, but is generally only used where the 
topography of the terrain means other less labour-intensive equip
ment is impractical. 
- sprayers attached to high clearance tractors. This type of equip
ment, which often has a capacity of up to 1400 litres and covers 
up to 7 rows of pineapple plants, can be used on relatively gentle 
slopes regardless of the shape of the plot (photos 137, 140, 141). 
This type of machine often cannot be used where drains have been 
installed, and also has the disadvantage of compacting the soil 
between the rows, with all the consequences this implies. This 
type of sprayer is widely used in the Ivory Coast on plantations 
of between 50 and 100 ha (an average of 2 hours is required for 
the application of 3 to 4000 litres/ha). 
- Boomsprayers that drive along farm tracks (photos 135, 138, 
139). The distance between the tracks should be double the length 
of the boom, which implies planting long strips of plants separated 
by farm tracks (photo 109). If manufacturers only supply a range 
of equipment with short booms, it may be necessary to have a 
boom of more than 10 metres long specially made. Sprayers with 
booms 15 to 20 metres long can apply 5000 to 6000 litres of 
liquid/ha in less than 15 minutes. This type of equipment is widely 
used on mechanized plantations of more than 100 na. 



11.3.- LAYOUT OF THE PLANTATION
CHOICE OF PLANTING DENSITY 

Once the soil has been prepared, a decision has to be taken 
about layout and planting density. 

11.3.1.- CHOICE OF LAYOUT. 

To simplify plantation maintenance and harvesting, irrespective 
of whether this is manual or mechanized, plants are usually plant
ed in lines with uniform spaces between them. Although in some 
countries single lines of plants are preferred (photos 105 and 
108) (Brazil, etc.) generally several lines are planted side by side, 
and these then make up the row. The row is usually slightly raised 
to form a ridge, commonly known as a 'bed'. The spaces between 
the beds or inter-rows are used by workers and farm machinery. 

The most widespread procedure is to plant rows consisting 
of double lines (photo 112), as this is the only way to guarantee 
identical spacing between each plant in high density plantations. 
This ensures homogeneity of the crop. Planting 3 lines together is 
also commonly practised (photo 113), usually with plastic mulch 
for weed prevention, as otherwise with 3 lines weeding is more 
complicated, 4 lines of plants is becoming more and more rare. 

In the case of 3 lines, manual maintenance and harvesting of 
fruits from the middle line is obviously more complicated. Since the 
plants in the middle line are also subject to more competition 
than the outside ones, their growth is frequently less rapid. In 
high density plantations this results in a reduction in the number 
of shoots produced by these plants (PY and BARBIER, 1964; 
LACOEUILHE, 1974b). Heterogeneity of the population as a 
whole is increased and thus also of the crop. 

11.3.2.- CHOICE OF PLANTING DENSITY -
EFFECTS OF COMPETITION 

The choice of planting density is an important factor in opti
mum utilization of plant potential to attain economic objectives. 
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Density has a direct influence on the mean weight of the fruit 
(see below); thus the choice of density must depend first and 
foremost on economic objectives, and also on the genetic material 
and on certain phases in the cultivation procedure envisaged. 

Variety. 

When CVs with long leaves (e.g. the 'Spanish' group) are used 
(max. length of adult leaves ± 120 cm) planting density id nec
essarily lower than when CVs of the 'Cayenne' group are used, 
which have shorter leaves (normal max. length ± 100 cm) , and 
much lower than with CVs of the 'Queen' group, which· have 
much shorter leaves and can thus be planted in densities of over 
100 000 plants/ha, at least if only one crop is planned (DALL
DORF, 1978a). 

Length of cycle. 

Given that the space required by the plant increases with age, 
the same obviously goes for competition between plants. It thus 
follows that the shorter the cycle imposed on the plant, the higher 
the density can be. However, in another connection the fact that 
there is inter-plant competition tends to lengthen the cycle needed 
for obtaining a given fruit weight. In the search for optimum 
utilization of environmental potential it should be noted that 
optima vary from CV to CV as they do from locality to locality. 

Obtaining a ratoon crop (second crop) or crops. 

If one or more ratoon crops are required, planting density 
will obviously be lower than if only one crop is planned. At the 
harvesting stage, pineapple normally produces more than one 
sucker (which produces the future ratoon crop) per plant, conse
quently during the course of ratoon crop vegetation, density 
is much higher, and the results in inter-plant competition. Since 
the production of a given number of suckers is a characteristic 
of each CV (although highly influenced by the environment and 
nutrition) the larger the number of suckers produced by the CV 
the lower the planting density should be. 

The higher the density, the stricter the grading of shoots at 
planting must be; otherwise, heterogeneity tends to increase along 
with vegetative development, because of earlier and more marked 
competition between the plants. 
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MAIN ELEMENTS INVOLVED IN COMPETITION 

Competition between plants involves the 3 basic elements that 
are essential for growth: water, mineral elements and light. It 
is essential that the practical consequences be well unterstood. 

Although it is relatively simple to limit the effect of competi
tion by making up for a water deficit or mineral deficiency , it is 
impossible to oompensate for lack of sunlight, and sunlight is the 
main factor limiting an increase in density. 

For a given density, the stage at which maximum sunlight is 
received is reached with varying rapidity, and it is thus important 
to know exactly how long it will take to reach this stage when 
choosing density and length of cycle. COMBRES (1982) , in the 
Ivory Coast, observed that when well-developed suckers were used 
as planting material, maximum sunlight reached the plants after 
3 to 5 months (corresponding to a leaf area index of 1 to 3). 

Due to stomatic behaviour in pineapple, competition for water 
does not play as important a role as it does in other plants ( cf. 
CAM 1.3.2.). With no plastic mulch, maximum evapotranspiration 
decreases with an increase in plant cover as a result of a decrease 
in evaporation from the soil (at least as long as the maximum 
projection area of the plant on the soil is not affected) . 

Competition for nutritive elements is easily compensated 
for by additional supplies of the necessary elements to each piant. 
It is symptomatic that response to increasing supplies of nitrogen 
increases with density (RODRIGUES, KOLLER and de MUND
STOCK , 1981). Another way of compensating is by treatment with 
growth retardants to delay ripening of the fruits until they have 
gained the required weight (DODSON, 1968). 

Effects of competition. 

The effects of an increase in density on the quantitative and 
qualitative components of yield can be summarized as follows : 

Generally speaking, yield/ha increases with density and this 
is the main objective to be attained, along with a reduction in the 
mean weight of the fruits, up to the point where increased inter
plant competition results in a levelling off of yield/ha. The more 
effort that has gone into reducing the effects of competition, 
the higher this plateau will be. 
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Leaf development. 

With an increase in dentisy, there is a decrease in the number 
of leaves that emerge (NORMAN, 1977). The leaves tend to be 
longer (which results in an increase in the height of the plant) and 
narrower (WEE, 1969; HUANG, 1970), and this can result in an 
increase in the leaf area index (LACOEUILHE, 1975). The root 
system, on the other hand, does not appear to be affected (SE
MAN A YAKE and FERNANDO, 1977). 

Mean weight and shape of fruits . 

After a certain threshold has been passed - which must corres
pond to the start of competition - the mean weight of the fruits 
decreases with an increase in density (DASS et al., 1978). In the 
case of the Smooth Cayenne CV, the decrease in weight varies 
from 70 to 140 g per 10 000 additional plants per ha, as long as 
density does not become too high. The decrease is primarily reflec
ted in a decrease in fruit diameter (TRETO, GONZALES and 
GOMEZ, 1974), but may also be reflected in a decrease in length 
(NORMAN, 1978). Although the number of fruitlets is not modi
fied, the weight of each fruitlet undergoes a marked decrease with 
an increase in planting density (PINON, 1981a). 

Fruit quality . 

An increase in density does not significantly modify total 
soluble solids (TS), but does increase acidity (GONZALES TE
JERA, 1969; PY, GIACOMELLI and LOSSOIS, 1973; PINON, 
1981). Translucence of the flesh, decreases and there is a parallel 
decrease in the density of the flesh probably linked to the degree 
of available sunlight (PINON, 1981). The fruit peduncle tends to 
get longer and at the same time there is a reduction in its diameter, 
which makes fruits more susceptible to lodging, but fruits that do 
not lodge are less exposed to sunburn,as the leaves are longer (DOD
SON, 1968). Certain types of abnormalities, e.g. physiological 
anomalies such as fasciation or genetic anomalies such as collar-of
slips mutations, are expressed less frequently and less seriously 
with high densities (NORMAN, 1977; GONZALES TEJERA, 
1969). Ripening of the fruit is generally delayed. 

Production of shoots. 

An increase in density has a very marked effect on the produc-
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tion of shoots. 
All experiments carried out in this connection have shown 

that an increase in density simultaneously causes a rapid decrease 
in the production of slips and a slower and later decrease in the 
production of suckers per plant (TRETO, GONZALES and GO
MEZ, 1974; LACOEUILHE, 1974), but the total quantity per ha 
of both types of shoot continues to increase slightly with an in
crease in density, as long as inter-plant competition is not too 
strong. When a certain threshold has been passed, the number of 
shoots per plant can fall below one, which creates problems in 
connection with re-planting, particularly when a ratoon crop is 
envisaged. 

Parasitism. 

An increase in density can have other consequences, in partic
ular an increase in parasitism most frequently linked to the in
crease in plant mass, which makes treatment less effective (CHOA
RY and FERNANDES, 1983). 

Table 39 lists densities geperally applied for Smooth Cayenne 
in different types of cultivation systems. 

TABLE 39 - Most common planting densities used for «Smooth Cayenne» C.V. Distance between 
rows : 90 cm or more rarely 80 cm. 

Numbe r of lines Distan ce between plants Distan ce between Number of plants 
per row in the same line (cm) line s per ha 

2 30 60 44 400 
2 30 4 5 49 300 
2 30 40 5 1 300 
2 30 30 55 500 
2 25 40 61 000 
2 20 40 77 000 

3 30 40 58 700 
3 30 30 66 600 

4 40 30 74 000 





11.4.- PLANNING PLANTATION MANAGEMENT 
PLANTING DATES 

Each plantation has to be organized with respect to its specific 
objectives and contraints. All decisions concerning the running of 
the plantation are based on tactical and strategic choices that 
take into account technical, economic and other criteria. 

However, in the case of pineapple, technical factors, such as 
control of flowering, play a significant role since producers can 
control production more completely than is true of other crops. 
Thus the possibility of controlling production determines the 
specific way of running the plantation. 

11.4.1.- PRODUCTION DATES 

Several criteria will influence the choice of production dates: 
- The price of fresh fruits varies both on the local market and 
on export markets. In periods that correspond to the natural 
cycle there is a market glut , so it is preferable to harvest fruits 
either when supplies are low and/or demand is high (cf. IV .5). 
Competition from other types of fruit and consumer habits may 
vary but are nevertheless always significant. The same may be 
true in the case of processing if the factories are interested in 
expanding the production period in order to make optimum use of 
the facilities. It goes without saying that fruits have to be harvested 
during periods when the processing factory is open, unless the fruits 
are sold by other means. From this point of view, production 
channelling can be more or less speculative. 
- The quality of the fruit undergoes seasonal variations (cf.I.4.1.4) 
that must be taken into consideration especially when new markets 
are to be_ won over or retained. Leaving aside extreme cases such as 
the risk of frost or internal browning while on the plant, taste 
factors such as sugars and acidity, the appearance of the fruit 
such as the colour of the shell, the characters of the flesh, i.e. 
whether it is resistant to transport and slicing, are factors that have 
to be taken into consideration. In addition certain parasites such as 
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Penicillium sp., Fusarium sp. (cf. I.4.2.1.3 .) and Thecla basilides 
(cf. 1.4.2.3.3) have a seasonal effect that can limit production in 
certain periods. 
- The weight of the fruit is influenced by climatic conditions 
during fruit growth. Low temperatures reduce the weight of the 
fruitlets , which can remain prominent. The appearance of the 
fruit and its taste can also be affected (cf. 1.4.1.4). Fruits are 
small in proportion to the size and rate of growth of the plant 
at flower induction. Unfavourable conditions during periods of 
active growth of the plant before flower induction, and of the 
fruit before harvest, are the most serious. This convergence occurs 
only rarely, but can nevertheless happen as a result of various 
chance climatic convergences and affect the plant directly via 
its metabolism or indirectly via the effect on parasitism, for exam
ple . 
- The importance of the natural cycle can influence production 
dates. The risk of natural flowering increases with an increase 
in the mean weight of the fruit required. As long as it remains 
difficult to prevent unwanted flowering, it will not be easy to 
obtain large fruits in harvests grouped together during the months 
following- the harvest that corresponds to the natural cycle. Howev
er, results obtained recently with ornamental Bromeliaceae (ME
KERS et al., 1982) give rea~on for optimism. 
- Availability of labour. Harvesting is always the most labour-in
tensive operation and unless it is possible to hire additional sea
sonal labour during this period, the size of the harvest may be 
limited by this one factor alone. 
- Other factors can prove important in practice as they are likely 
to impair distribution: condition of farm tracks, quantity and 
conditions of transport equipment, etc .. 

II.4.2.- DATES FOR FLOWER INDUCTION. 

Once production dates have been decided on with the help of 
these data, a decision can be taken about when flower induction 
should be carried out, assuming the length of the period between 
flower induction and harvest and its seasonal variations is known. 

Variations are caused primarily by climatic conditions and 
the main trends in the evolution of the length of this period are 
relatively easy to predict . 

Seasonal variations from year to year can cause extremely 
ill-timed congestion of distribution networks even when only a 
few days are involved. Planning in advance is useless if the schedule 
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is too rigid and leaves no room for a certain amount of flexibili
ty. 

The consequences of minor variations usually imply either 
advancing or delaying the time at which the fruits are harvested, 
with the inevitable consequences this has on fruit quality (green 
ripe, black spot or internal browning, cf. I.4.1.4), on the length 
of storage, the yield in slices and the quality of the slices ( cf. 
III.1.2.3.6) . Usually problems that can be partially solved on the 
plantation are aggravated at all other stages in the distribution 
network: either at the port of enbarkation, the market, the cooper
ative or the canning plant. 

Problems such as these can be countered to a certain extent by 
the use of ethephon, which accelerates and homogenizes the colour 
of the fruit (cf. II.11.2.2). However, using it can have a disastrous 
effect on quality if it is used at the wrong time in a effort to dis
guise errors of varying gravity in the organization of production, 
or to try to counteract too obvious effects of climatic conditions. 
Ethephon cannot be used only to correct unexpected variations. 
In order to change the bar.vest date it must be used over a long 
enough period to allow production dates to be respected. Although 
it is not necessarily possible to correct all these variations, it is 
useful to be able to anticipate them at an early enough stage to be 
able to compensate for them. At present, predictions of this type 
can only be made by rule-of-thumb. It is impossible to take all 
these factors into account and understand all possible variations 
well enough to make accurate forecasts. Experience acquired 
over the years is what counts most, although at present many 
factors are still subject to chance. 

II.4.3.- LENGTH OF CYCLE. 

Once the dates for flower induction have been established in 
accordance with production dates, it is necessary to acquire the 
type of shoot that is capable of fulfilling these objective, as this 
depends on the length of the cycle. The following factors must 
be taken into consideration: 
- The mean weight of the fruits. This is the most important factor 
and depends on the development and on the growth rate of the 
plant at flower induction, which in tum determines the number of 
fruitlets and the weight of the fruit (cf. I.3.4.3). Although remu
neration does not always reflect the fact, the aim is to produce 
fruits whose mean weight conforms to market or canning standards, 
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rather than overall yields. It is consequently easy to understand 
how important the homogeneity of all the plants in any one plot 
is, and the consequences this has for cultivation techniques. High 
mean fruit weights imply long cycles. But this in turn implies an 
increase in the risk of events taking place that make it difficult 
to strictly control yield, and results in a different kind of hetero
geneity. 
- The type and weight of planting material. In Part One (1.3.1.4) 
the growth potential of different types of shoots was discussed 
and the advantages and disadvantages of each are reviewed in 
chapter 11.6. 'l'hese two factors are important considerations in the 
running of the plantation. They not only determine the length of 
the cycle, but also the homogeneity of the harvest. 
- The homogeneity of fruit weight varies due to varying sensitivity 
to different parasites and to competition, to the adaptation of the 
shoots to soil and climatic conditions, and compatibility with the 
organisational requirements of the work site. 
- The homogeneity of the total extent of the harvest period via 
the sensitivity of floral differentiation to natural factors. Perfect 
knowledge of the natural cycle in the locality concerned is a pre
condition for satisfactory organisation of production (PY et al., 
1959b, 1968a, 1970, 1973). Control of the cycle and of culti
vation is incompatible with numerous uncontrolled cases of flow
ering. 
- The conditions that determine the plant growth rate. These are 
primarily climate and cultivation techniques. Each of these ele
ments has a direct influence which is relatively well understood. 
However, often the influence of the climate on the effectiveness 
of cultivation techniques (soil preparation, parasite control, fertil
ization) introduces uncertainties that may upset the best laid 
plans. 

11.4.4.- PLANTING DATES 

After the choice of the date of harvest, the length of cycle 
determines the planting date. In addition, the following criteria 
should be considered. 
- The conditions governing soil preparation. The aim of working 
the soil is to create an environment that is favourable for root 
development. Under tropical conditions the most important fac
tor to consider is the rainy/dry season sequence. In addition, the 
risk of erosion is increased when the soil is loose and uncovered. 
- The availability of shoots of satisfactory quality. This must 
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be carefully planned well in advance, both for crowns and suckers. 
The use of shoots in unsatisfactory condition is frequently the 
reason for a decline in the general condition of the plantation, 
and this development inevitably goes from bad to worse. A short 
cultivated or uncultivated fallow period is almost invariably better 
than undue haste. The size of the area planted must represent 
a big enough proportion of the total area under cultivation to 
ensure production continues without a break. The planting date, 
the weight and type of shoot and the length of the vegetative 
cycle determine the incidence and risk of uncontrolled cycles 
(unwanted flowering). 
- Favourable climatic conditions should be sought to ensure that, 
newly planted plants recover rapidly and homogeneously. Cool 
and wet conditions generally encourage rot caused by Phytophthora 
spp. and Ceratocystis paradoxa. Neither of these particular con
ditions favours a rapid start for the young plants. 
- The impact of climatic conditions on the effectiveness of treat
ments carried out at planting (nematocides, insecticides, herbicides) 
also has to be taken into account. Failure of treatments applied 
at this stage can only be rectified subsequently at a much higher 
cost. 
- Labour requirements are high for all tasks connected with plant
ing, so efficient organisation of the work site is essential. A work
flow chart is .a useful tool in this connection, particularly for 
organizing labour for planting and harvesting, the two most labour
intensive tasks. 
- The use and maintenance of equipment and the labour required 
for this purpose. On highly mechanized plantations this is an 
important question, which is occasionally neglected to the detri
ment of the agricultural work to be carried out. 

11.4.5.- PLANNING IN RETROSPECT AND ITS IMPLICATIONS 

The fact that flowering can be controlled means the most 
rational method of organizing pineapple plantations is first to 
decide on the harvest date and then work backwards through the 
cultivation schedule up to planting and even to soil preparation. In 
order to succeed, planning retrospectively (respecting dates, per
centage of fruits marketable) necessitates strict control of all fac
tors influencing the elaboration of production. Each producer must 
be in a position to foresee any potential decrease in growth and 
yield and to be able to correct each factor if it has an adverse 
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effect. The result can be excessive use of inputs, if operations 
are not carried out expediently, i.e.: 
- the choice of ideal conditions for maximum effectiveness 
- taking all short- and medium-term implications into considera-

tion . 
For maximum effectiveness, treatments must be both comple

mentary and consistent. This implies they are an integral part of a 
production outline based on a detailed knowledge of the agronom
ic system to be applied , and the value of any given system de
pends on its ability to forecast any given situation. 

If a forecaste is wrong, it will affect the system as a whole, 
not merely the point in question. Consequently the chances of 
success must be calculated objectively to allow room for strategies 
for use in an emergency. While of necessity basically strict, planning 
must nevertheless be sufficiently flexible to allow adjustment 
where required. However, perfect the theoretical model may be, 
success depends on the technical competence of the producer and 
on his ability to make a diagnosis at an early enough stage in 
cultivation to regain control over the whole range of interacting 
factors . 

The success of this type of organisation has been amply dem
onstrated in the case of intensive, repetitive monoculture under 
specific economic, social and political condittons. Adapting it to 
extensive culture is not so simple, and frequently back-up is needed 
for techniques and equipment from outside. Reproducing such a 
system satisfactorily under these conditions is problematic . When 
there is a collapse of the supporting structure , control over produc
t ion is frequently lost and production for export, particularly to the 
fresh fruit market, is difficult to achieve satisfactorily. 

Production for the local market, which represents a high pro
portion of world production , is less problematic . Under these 
conditions artificial flower induction remains an important tool to 
ensure the plantation cash flow and profits. Where cultivation 
techniques have not been thoroughly mastered, the result can be 
a high proportion of fruits that are unmarketable (weight not 
conforming with standard requirements, date of harvest not con
forming with demand, etc.) . In this case, other methods of process
ing (juice, jam) can be envisaged to ensure profitability and long
term culture. This can also be attained by exploiting other products 
in addition to the fruit ( cf. utilization of the plant IIl.2 , III.3 , 
III.1.3) . The surface area pineapple production occupies in the 
region concerned and on the plantation itself must also be taken 
into account to determine technical requirements in harmony 
with the environment. 
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11.4.6.- EXAMPLES OF DIFFERENT METHODS OF PLANNING 

Practical organisation of the cultivation schedule is generally 
based on a reference timetable of the type shown in fig. 63, which 
gives details of work to be done in each plot each week throughout 
the cultivation cycle. An additional symbol (0) is added to the chart 
when the work has been accomplished. The position of moveable 
reference markers gives an immediate overview of the situation and 
ensures continuous control of production procedures. 

A timetable of this type is based on various factors that have 
to be taken into consideration, in particular the following: 
- length of the vegetative stage of the cycle 
- length of the fruit development stage 
- weight of planting material. 

A kind of slide rule can be used to combine different variables. 
Figure 64 gives two examples for suckers, one for a locality with 
high mean temperatures and a short cycle, and the other for a 
locality with lower mean temperatures requiring a longer cycle. 
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Fig. 63 '* Reference timetable for use in planning agricultural tasks. Example taken from a medium size plantation in 
the Ivory Coast that only produces pineapple for export to the fresh fruit market. 
Planting material: suckers.- Dry season: December-February. - Long rainy season : April to the big inning of July. - P = planting. 
FIT= floral induction treatment. RC = reduction of crowns . H = fruit harvest. SH = shoot harvest starts. D , destruction of plot. 
Tasks planned: (• )so lid fertilizer. (T )solid fertilizer with chlo ride. (6)spray fertilizer. (v)spray fertilizer with chloride. (o)herbi
cide. (• )fun~icide when floral induction treatment with carbide carried out during rainy season. ( • ) counting of inflorescences. 
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EXAMPLE OF SHORT CYCLE (Tp: 26°C wate r not limiting factor) 
Pl anting mat eri al Suckers weighing 500g 
FIT at 7 months, FIT-Harvest : 5 months 

MONTHS OF VEGETAT I ON 

12 11 10 9 8 7 6 5 4 3 2 

7 6 5 4 3 2 H 
100 

MONTHS OF FRU I T DEVELOPMENT 

WEIGHT OF SHOOT 
AT P L ANT I NG 

EXAMPLE OF LONG CYCLE (Tp: 2o·c water not limiting facto r) 
Planting material : Suckers weighing 300g 
FIT at 14 mont hs, FIT-H arvest: 7 mon ths 

MONTHS OF VEGETATION 

14 13 12 11 10 9 8 7 6 5 4 

200 300 

3 2 

7 6 5 4 3 2 H 

MONTHS O F FRUIT DEVE L O PM ENT 

WE I G HT OF SHOO T 

AT PLANTING 

H = harvest, 
FIT= floral induction treatment, 
X = point of correspondance between weight of shoots 

and Ieng ht of cycle for the examples given. 

Fig. 64" «s1 ide rule» for pineapple cycle using suckers as planting material (ajustments have to be made for use 
with other types of planting material). 
Variables : - lenght of vegetative stage (months of vegetation), 

- Ieng ht of fruit development stage (months between floral induction and harvest), 
-weight of sucker at planting . 
(Risks of unwanted differentiation that increase with lenght of cycle not included). 

"" t"' 
> z z 
z 
0 

"" t"' 
> z 
>-3 
> 
~ 

~ 
E::: 
> z 
> 
0 
l::rJ 
E::: 
l::rJ z 
>-3 

"' t"' 
> z 
>-3 z 
0 
t, 
> 
>-3 
l::rJ 
en 

"' 0 
C]l 





11.5.-SOIL PREPARATION 

The high risk of erosion implied by the intensive cultivation 
of pineapple on large areas has already been mentioned in the 
chapter on preparation of the soil (cf. II.2), and a series of recom
mendations was made to prevent erosion or at least to reduce the 
risk. However, in another connection cultural techniques lead to 
leaching of mineral elements and, in the case of long-term mono
culture of pineapple, there can be a risk of deterioration of the 
structural stability of the soil linked to a decrease in organic matter. 
All these problems connected with soil fertility are reviewed at the 
beginning of the chapter on fertilization (cf. II.7). Nevertheless, 
in a section concerned with soil preparation, mention must be 
made of the fragility of this particular environment once man 
intervenes. 

The effectiveness of soil preparation is particularly important 
because of the character of the root system. In order to obtain 
satisfactory root penetration and functioning, the following require
ments must be respected: 
- the soil must be loosened to a depth of at least 35 to 40 cm at 
planting and remain loose for as long as possible (all attempts 
to grow pineapple on previously unworted soil have led to a length
ening of the cycle, an increase in heterogeneity, not to mention 
the possible development of certain diseases); 
- the roots must be subject to asphyxia; 
- organic matter resulting from decomposition of the preceding 
crop must be well decomposed; 
- the soil must contain the main mineral elements required by the 
plant in assimilable form; 
- the level of inoculum of the most likely main parasites must be 
as low as possible; 
- the soil must be clean and in particular free of weeds that are 
subsequently difficult to eliminate. 
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11.5.1.- LOOSENING OF THE SOIL AND DESTRUCTION 
OF PLANT RESIDUES FROM THE PRECEDING CROP 

Three points require particular consideration in the case of 
pineapple: 
Plant residues from the preceding crop represent a significant 
volume which often exceeds 200 t/ha. Table 4 shows mean composi
tions after the use of different types of fertilizer in an experiment 
carried out in the Ivory Coast (LACOEUILHE, 1974 a). 
Complete decomposition is indispensable, otherwise residues can 
serve as a host to different types of parasites (nematodes, mealy 
bugs, etc.). If decomposed, they can contribute to soil fertility and 
a proportion of the mineral elements of which they are made up 
is available to the following crop. 

- The pineapple root system is extremely sensitive to soil compac
tion. In compacted soil, root elongation is reduced, the anatomy of 
the roots is affected and the volume of soil prospected by the roots 
is consequently limited (RAF AILLAC, DE RICAUD and VER
NEDE, 1978b; RAFAILLAC and DE RICAUD, 1982). This is 
particularly dangerous in the case of sandy soil ( cf. I.4.1.2). It is 
extremely important to remember that following soil preparation 
compaction must be prevented as far as possible by limiting the 
number of runs after ploughing. 
- The root system is also extremely sensitive to asphyxia. Flooding 
under controlled conditions has showen that it results in a stop
page of growth and death of the terminal meristem; if hypoxia 
continues, absorption of elements, and in particular of potassium 
and calcium, is reduced, with a resulting decrease in the plant 
growth rate (RAF AILLAC, 1982). 

TABLE 40 · Residues from preceding crop . Quantities of dry matter (including composition) returned to the soil 
(Essai EP 40 - 6e cycle). 

Treatmen ts compar ed Removed Re turne d to soil 

Tri al s made on ve ry sandy, Fruits Shoot s Dry matte r N P205 K20 Ca a 

desatured soil s 
in the · Ivory Coast t/ha t /ha t/ha kg/ha kg/ha kg/ha kg/ha 

Control ( no fe rtili zer) 29 . 5 6 . 7 5.8 44 11 24 36 

Mineral fe rtili zer a lone 6 J. 5 13. 1 17. 0 137 27 234 28 

Or gani c fe rtili zer a lone 60 . 5 14.4 11.4 87 66 136 76 

Or gan ic + mine ral 
fertili zer 

75 . 7 14.8 19.5 167 39 372 56 

MgO 

k g/ha 

20 

70 

38 

4 1 
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With the increase in the cost of energy, another concern must be 
added to this list, that of reducing the amount of energy required 
for soil preparation as far as possible. 

Satisfactory decomposition of residues from the preceding crop 
can only be obtained by shredding; this is generally done with 
traditional equipment, for example a rotary chopper {photo 115), 
or with less satisfactory but less costly results using a rome offset 
ploughing harrow with notched disks. Large-scale plantations 
often have specialized equipment made for this purpose. 

A method of simplifying this problem is often sought, for 
example putting cattle out to graze to reduce the volume of vegeta
tion. However, this has the disadvantage of compacting the soil. 
Alternatively, residues can be removed and used for cattle feed in 
the form of fresh or dehydrated silage (cf. Utilization, III.2.1). 
Burning of plant residues can be a viable alternative. Sometimes a 
product is first applied that dries out the leaves (e.g. paraquat) and 
sometimes a rome-type harrow is used before residues are burned. 
Burning, which has the advantage of eliminating parasites, ob
viously reduces the quantity of material returned to the soil and 
also has the disadvantage of exposing the soil to erosion if subse
quent operations are not carried out without delay (ROOSE, 
ASSELINE et al., 1978). Under favourable climatic conditions, the 
only residues that remain after burning are the partially destroyed 
stems, and these are tqen easier to destroy or can more easily 
be removed, In village plantations this operation is carried out 
as follows: the plants are uprooted by hand, collected and placed 
in heaps. These are then left to dry out, at least in the dry season, 
and are subsequently burned and the ashes spread out to avoid 
soil heterogeneity. 

Plant residues that have been reduced in volume to a varying 
extent and shredded are usually ploughed under with a rome offset 
ploughing harrow or a traditional plough with shares or discs. 
Subsequently, the following conventional operations are frequently 
carried out: 
- sub-soiling; 
- levelling if required; 
- cross ploughing to a depth of 35-40 cm; 
- finishing with a disc harrow, which is particularly recommended 

for clayey soils, or with a rotary harrow with horizontal blades, 
recommended for light soils; 

- ridging ( only justified where there is a risk of water stagnating 
during rainy periods, as this will affect the root system as well 
as the structure of the soil that has to be penetrated by the 
roots (photos 118 and 119); 
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- possible additional superficial loosening of the soil along the 
top of the ridge with a rotary harrow if soil is likely to have 
been compacted. 
Pineapple is probably more sensitive than other plants to the 

condition of the soil after soil preparation. Tilling of water satu
rated soil inevitably has a damaging effect on plant growth. In 
addition to the consequences of soil compaction, significant dam
age often results from the proliferation of symphylids, particu
larly when plant matter that is not satisfactory decomposed is 
incorporated into the soil. 

Since the early 1970s efforts have been underway to reduce 
the number of runs by agricultural machinery, with the double aim 
of reducing compaction and saving energy, which is most likely to 
occur in sandy soils and/or in soils poor in organic matter. Sub
soiling is tending to disappear in the case of sandy soils, where 
it has often proved unnecessary (DUCREUX et al. , 1980). In clayey 
soils, satisfactory loosening can only be accomplished at this depth 
if the machinery proceeds rapidly and the soil is sufficiently dry. 
Ploughing when the soil is too wet can cause a saw-edge profile 
of the deeper soil, which affects the homogeneity of the crop. 

Chisel sub-soilers always produce the most satisfactory results. 
Superficial finishing more often produces unsatisfactory than 

satisfactory results, as in many cases it merely compacts the soil 
under the wheels, and even more serious, can cause pan forma
tion slightly below the surface of the soil. This not only hinders 
root penetration but also slows down infiltration of water, with 
all the consequences this implies. The most satisfactory equipment 
for finishing is a toothed harrow, but finishing can be eliminated 
altogether on soils with small clods, where residues of the pre
vious crop are properly decomposed. 

Teeth are often attached to the ridging plough just in front of 
the discs to improve soil tilth to a greater depth, mainly directly 
below the ridges. It is important to ensure they are correctly 
spaced to avoid clogging, the extent of which depends on the degree 
of decomposition of plant residues. Satisfactory decomposition 
is, of course, a precondition for satisfactory soil preparation. 

11.5.2.-SOIL COVER. 

As soon as the first rationally organized plantations appeared, 
attempts were made to cover the soil, both to prevent weeds 
growing and to protect the soil from attack by the climate ( ero-
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sion, compaction, leaching, etc.) and also to limit evaporation 
of water from the soil. Initially straw was used, either taken from 
the nearby 'bush' or left over from other crops such as rice or 
sugar cane (cane trash) or even from previous pineapple crops 
(old plants that had been shredded). This also had disadvantages: 
drainage of the soil during the rainy season was slower and there 
was an increased risk of rot caused by Phytophthora (particul
arly when pineapple residues were used) (PY and TISSEAU, M.-A. , 
1965 ). 

Thus for various reasons there was a gradual change to the use 
of tarred paper and more recently the most commonly used mulch 
has been black plastic. The use of an impermeable screen, which 
covers the pineapple beds and has holes in which the pineapple 
shoots are planted, has several advantages: 
- it almost entirely prevents the development of weeds in the 

area that is covered; 
- it reduces evaporation and thus delays drying out of the soil 

[the bottom limit (15 bars) on manometers placed at a depth 
of 15 cm is reached more slowly] (PY, 1956b; COMBRES, 
1976; COMBRES, 1979b; LACOEUILHE, 1979). It also 
means the soil water prpfile is more homogeneous, as, inciden
tally, does drip irrigation. In addition, it reduces the risk of 
temporary saturation during intense rainfall, at least when rid
ges are used . (The effect of plastic mulch on the water balance 
is discussed in more detail in the chapter on irrigation: (11.8); 

- it protects the structure of the soil and thus limits unfavourable 
changes in the composition linked to the kinetic effect of 
rainfall. This ensures much more satisfactory development of 
the root system, especially in the first 15 cm of the soil , and 
also enhances root activity (the roots have a bigger diameter 
and more abundant root hairs) (HAINNAUX and de RICAUD, 
1977b; LACOEUILHE, 1980, 1981; PINON and PENEL, 
1981); 

- it reduces the leaching of products that were added to the soil 
before the mulch was laid, mainly fertilisers but also pesticides. 
But although there is an overall reduction in leaching, the 
effect is heterogeneous. Considerably less leaching occurs 
at the centre of the ridge, but leaching is increased at the 
exact location of the plant, because the rosette of leaves acts 
like a funnel (GODEFROY and LACOEUILHE, 1979; PINON 
and PENEL, 1981); 

- it reduces daily temperature variations by limiting nighttime 
cooling of the soil due to radiation and also by limiting daytime 



312 CULTIVATION 

heating of the soil (TISSEAU, M.-A., 1967), but the mean 
temperature is slightly increased (EKERN, 1967). Only the 
top few centimetres of soil that are in direct contact with the 
plastic undergo a marked increase in temperature. In regions 
where tbe temperature is below optimum and it is an advantage 
to heat deeper layers of soil, transparent plastic should be 
used, as it lets through infra-red rays (LACOEUILHE, 1979c). 

The use of plastic mulch also has disadvantages. As well as 
preventing the drying out of the soil, it promotes the development 
of soil parasites, nematodes, symphylids, etc .. Drainage is slower 
under the plastic, which means there is an increased risk of root 
asphyxia. Consequently when plastic mulch is to be used, ridges 
should be made, particularly in areas with heavy rainfall. As the 
most commonly used plastic is only biodegradable over a long 
period of time, it represents a serious source of pollution and in 
addition encourages heterogeneity of the crop due to the forma
tion of gleys. Photo-degradable plastics often degrade too rapid
ly. The ideal solution would be a plastic that decomposes after 
a period of 6 months to 1 year ( depending on the growth rate in 
the locality concerned) . 

However, in the majority of cases the advantages (which can 
only express their potential to the full if the edges of the sheet are 
covered) by far outweigh the disadvantages. The main consequence 
of using a mulch is a marked increase in growth which is reflected in 
a considerable increase in yield (this can attain more than 25% 
for a given cycle) (PY, 1965; KERN, 1967; LACOEUILHE, 1979 c; 
TERAN, 1983). 

The use of plastic is particularly advantageous under certain 
apparently contradictory conditions. However, since the· cost of 
energy, has increased cultivation techniques that use plastic mulch 
have become extremely expensive, and this in itself limits its ap
plication. 

In regions with high rainfall (for example, high altitude areas 
in Martinique) the main aims of using ·plastic mulch are: weed 
control, protection of the soil structure, reducing leaching and 
increasing the temperature of the soil (PY, 1968b; LACOEUILHE, 
1979c) and the same goals are sought in many other regions. 
Nevertheless, the most common reason for its use is to limit loss 
of water into the atmosphere. 

In this context the effect of plastic mulch is limited in time. 
In the centre of the Ivory Coast, for example, its effect only lasts 
3 to 4 months, after which irrigation is required to prevent stop
page of growth or at least a considerable slowing down in the 
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growth rate (COMBRES , 1979e). This has led to the comment 
that the use of plastic mulch can 'gain' 2 or 3 months during 
the dry season. 

The most widely used plastic sheet at the present time is 0 .03 
to 0.05 mm thick. It must extend (± 30 cm) beyond the outer 
limit of the pineapple plants, so that the edges of the sheet can 
be covered. Covering the edges is indispensable if it is to be really 
effective. Approximately 275 kg of plastic will be required per 
hectare, depending on the make and the method used for laying 
it. This corresponds to 7000 to 8000 m of plastic. 

11.5 .3.- SOIL IMPROVEMENT AND BASIC FERTILIZATION 
( cf. Fertilization II. 7.4 .3). 

While soil preparation is underway the following products 
should be applied : 
- soil improvement products/fertilizers such as natural phosphates 
or magnesium calcium rock powder that are difficult to apply 
during the course of vegetation ; 
- different types of organic matter; these are always extremely 
beneficial but in practice can only be used when available at little 
cost (GODEFROY , 1979a); 
- occasionally a certain proportion of the two most needed ele
ments, nitrogen and potassium, is applied at this stage. They are 
usually incorporated into the soil while the ridges are being made 
(cf. Fertilization II.7.4.1. and II.7.4.2.). 

In regions with low rainfall there is little risk that a large pro
portion of these elements will be leached into the deeper layers 
of the soil. But in areas with heavy rainfall or periods of heavy 
rainfall this is unfortunately not the case. Here, application of 
nitrogen and potassium should be carried out only if the ridges 
are to be covered with plastic. The fertilizer is incorporated into 
the soil along the ridge where the shoots are to be planted (cf. 
Fertilization 11.7). 

11.5.4.- TREATMENT WITH PESTICIDES AND HERBICIDES 
AT PLANTING 

Control of the following problems should also start during 
soil preparation: 
- the majority of parasites and pests that attack the root system 
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(a detailed description is given in section 11.9): 
- primarily nematodes (cf. II.9.8.1), 
- possibly: 

- symphylids (cf. 11.9.9.), 
- larvae of coleoptera (cf. 11.9.13), 
- ants, which look after and disperse mealy bugs, the in-
sects responsible for mealy bug wilt (cf. II.9.7); 

- weeds (a detailed description is given in section II.9), 
- either by mechanical tilling of the soil before soil preparation 
(cf. II.9.14.2.1), 
- or by chemical treatment (cf. II.9.14.2.2), 
- or by a combination of these 2 techniques.· 

Two different types of herbicides can be used: 
- post-emergence systemic herbicides such as glyphosate; 
- pre-emergence herbicides with residual action (ametryne,diuron, 

bromacil) applied along the ridge just before planting, or more 
commonly, just after planting. 

II.5.5.- MECHANIZED SOIL PREPARATION 

In addition to the equipment traditionally used to loosen the 
soil, which may or may not tum the soil over, other, more special
ized, equipment is needed after finishing (if indeed finishing is to 
be done at all). 

Specialized equipment has been developed on large plantations 
in Hawaii that combine 2 or 3 operations and can work 2 or 3 rows 
simultaneously (photo 118) for: 

- application of nematocides and pesticides. 
- application of fertilizers, 
- ridging, 
- laying plastic mulch, 
- covering the edges of the plastic. 

Some equipment can even lay irrigation pipes for drip irriga
tion along the top of the ridge before the plastic is laid. 

Some have also been adapted for planting operation (see below). 
Efforts are made even on smaller plantations to combine as 

many operations as possible to reduce the number of runs, both to 
save energy and to reduce compaction, as discussed above in the 
section on loosening the soil. 

Mass produced ridging-plastic laying equipment can also be used 
if it is equipped with fertilizer and pesticide distributors or with 
coulters or teeth for loosening the soil, as previously mentioned. 
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Where mechanized equipment is not available, in the Ivory 
Coast 10 man-days/ha are required for laying the plastic mulch and 
covering the edges with soil. 





11.6.- CHOICE, PREPARATION AND PLANTING 
OF PLANTING MATERIAL 

The future of the plantation depends as much on the quality 
of the planting material as on soil preparation. It is a well-known 
fact that a bad start due to one or other of these two factors is 
irrecuperable; an attempt can only be made to compensate for 
it partially. 

Any type of shoot (crowns, slips, suckers or intermediate types 
such as hapas or nursery shoots, cf. 1.3.1.4 and 11.13) can be used, 
but it should be noted that each type ,has its own specific charac
teristics. If the plantation is to be homogeneous, which is a pre
condition for rational plantation management, each type of shoot 
must be planted separately. It is even advisable to create a sepa
rate plot for each different weight category ( criterion directly 
linked to the growth rate of the plant, and in the longer term, 
to the weight of the fruit) (cf. 1.3.3. and 1.3.5) . 

It is true that when a new plantation is being set un, all types 
of planting material are necessarily used, but once the plantation 
has reached the required size, only certain categories of shoots 
need be used, selected according to availability. This partly depends 
on the cultivation system selected and also on the length of cycle 
required for the achievement of specific economic objectives. 

11.6.1.- DIFFERENT TYPES OF PLANTING MATERIAL. 

Chapter 1.3.1. (Botany) reviewed the origin and main mor
phological characteristics of the different types of shoots (1.3.1.4.) 
and gave a few details concerning' their growth. Table 41 lists the 
main characteristics of all the different types of planting material 
used to start new plantations, including the particular types used 
with Queen CVs (DALLDORF, 1978a; REYNHARDT and DALL
DORF, 1968a; REYNHARDT and VAN BLOMMESTEIN, 1966). 
The different types of shobts depend, among other things, on re
serves and on the amount of water and nutritive elements available 
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TABLEAU 41 - Different types or shoots - Main characteriltics availability and value u planting material. 

Suc ker Ground sucker Hap a 

Origin Axi ll ary bud on aerial Axi11 ary bud on Axill a r y bud on the top 
part o f the s te m unde rground pa rt of the s te m 

o f the s t e m 

Main morphol ogi ca l Elongate d, lignifie d More e l on gated Looks like a s ucke r but 
carac te ris ti c s a nd tape re d base the base i s s haped li ke 

I 
a duc k• s bi_ll 

Main number per 2 to 3 0 to 1 Us ua ll y cons ide r e d as 
pl ant ( C . V . S mooth s uc ke r s - ar e the n in-
Caye nne) eluded as such 

Main weight ( C . V. Varia ble , depending on Sa m e as sucker Sa m e as sucke r 
Smooth Cayenne) s t a ge of de ve lopme nt 

whe n col!'e c te d 
Usua ll y 500 : 300 g 

Ho m ogenity Ve r y he te r ogenou s if Sam e as sucker Same as su cke r I 

the s uc ke r s a r e not 
collecte d a t the sa me 
s t age o f de ve lop me nt 

Pe riods a va il ab le From 4 to 12 m onths Same as s uc ke r At the sa me time a s I 
a fte r fruit harvest the s uc ke r I 

Diffi culties in volve d Ha rd to c oll ect Sa me a s s ucke r Eas ie r to coll ect tha n 
i n colle c ti on ( e ffec t s uc ke r but h arde r than 
on c os t of s hoots) 

I 
s lip 

I I 

Quantity for tran s - I . in bul k : about 400 ! Less than s uc ke r Sa me as s uc ke r s 
port ( num ber of I per m3 
s hoot s per m 3 ) I . in b undle s : abo ut 

530 per m 3 

Suscept ibi lity to Low s usceptibility Sa me as s uc ke r S ame a s s uc ke r 
d isease ( Ce r a toc ys -
~ s p., Phytoehtho r a 
s p. ) 

Pl anti ng depth ( in S hoot s should be Sa me as s uc ke r Sa me as s uc ke r 
r e la tion to drought pl a nte d deep to pro-
r esi s ta nce) vide par tial r esi s tan-

ce to dro ught 

Susceptibili ty to c li - Ve r y s usceptible Sa m e as s uc ke r S a m e as s uc ke r 
m a tic fact or s whi c h 
have e ffect on fl or a l 
diffe r e nciation 

Cyc le length in 14 months ~ 1 m onth Same a s s uc ke r Same a s sucke r 
S mooth C <"\_ye nne in 
the Ivory Coa s t 
( from planting to har 
vest of the fir s t c rop 
( mean te mperature : 
26 -27 ° , me an fr uit 
we ight: 1, 6 - 1 ,8 kg) 
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Types o f planting mate rial 

S lip 

Axillar y bud on the pe
duncl e 

Less e l ongated than 

s uc ke r, lea f rosette 
more "open " with n. 

shorte r en larged bc1sc 
( presence o f a min ia
ture fruit ) 

0 to 5, dcpendinn on 
c u l tivar and e le va tion 
o f the p l antation 

350 _: JOO g 

Less hc te roge n ou s 

than s u c k e r 

In the \Veek s fol l owing 

harvest of fruit 

Eas ie r to coll ec t 

In bulk about 560 
per m3 

Sarne as s ucke r 

Pl an t e d l e ss dee p than 

s u c ke r , so the p l an t i s 
l ess r esi s tan t to 

d r-ought 

Less s uscepti b l e than 

s u c k e r 

16 months ~ l month 

C r own Nurse r y s hoot 

Te rm i nal meri s tem { top Axil l ary bud of the s te m 

of the fruit) used for multipl ication 

Stu mp ( m ateri al used with 
several CVS o f Queen group) 

Old s uc ke r whi c h get it s fruit 
bn the mother p lant ) 

Very short s te rn, nume- Comparabl e to .c:. uckcr, O ld s t e m whi c h o ften has 
rous lea n c ts, \Vicic but us ual l y more s l 011- many sm all s uc ke r s on it 

"open" 10.a n c t r ose tte cler 

Usual l y orH~ Very var i ablC' depen 

ding on i"l(JC of the s t e m 

250 ~ 100 g 

Usual I y horno~w nou s 

At fruit harvest 

Coll ec t a t the same 
tirne as fruit i s har

v es ted, thus 110 e xtra 

cos t for coll ec tion 

In bu l k <1bout 800 
pe r rn3 

Ve r y s u scept ib l e 

Pl an ted s ha llow , root 

s ys te m supe rf i cia l , 

s.o the pl a nt i s s usccp
llb le to drought b ut l e ss 
s uscept ible to root os
p h vxiation than s u c k e r 

I.ow s u sC'eptibi li ty 

18 months ~ 1 month 

Very variabl e depen 

di n g on the s tage of 

deve l opment whe n col

lected 

V0 ry hc tcro<;10nous i f 

the s hoot s arc not co l 

l ec ted i'lt t he s .:1.rne 
s t.:ige of clevel oprnPn t 

Easier up rooting but 
cu. re mu s t be taken 

Col le ct ov0r a 1 ong 

pe riod 

Medi urn 

Usual] y plante d deep 

Same as s u c k e r 

Very variable depen

d i ng on weight at p l an 

ting time 

l to 3 kg 

Very he te r ogcnou s withou t 

se lec t ion ( weight and s tage 

of deve l opment of the young 
s uc ke r s va ri 0s conside r abl y) 

Afte r ratoon c rop 

l! arcl t o coll ec t 

Low s usceptibility 

Pl anted deep 

Ve ry va ri able depending on 
the w e i gh t and s tage o f d e 

v e l opment of young s ucke r 

319 

I 

! 
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at planting. 
Consequently the length of time they require to reach the stage 

of development where they are susceptible to natural floral dif
ferentiation also differs (LACOEUILHE, 1975b; LACOEUILHE, 
1981) and this is what determines the length of their natural 
cycle. 

The column on the far right in Table 41 gives mean cycle 
lengths obtained in practice using the three main types of shoot in 
controlled cycles with no intervention by natural factors, in an 
environment particularly well suited to active growth. (the Ivory 
Coast, where mean temperatures are between 26 and 27°C). As one 
approaches the tropics of Cancer and Capricorn, the cycle lengthens 
by from 2 to 4 months. 

The cost of the different types of shoots is directly influenced 
by the difficulty involved in harvesting them. Suckers, which 
are firmly attached to the stem of the mother plant, have to be 
bent sideways before they can be pulled off, and, as the production 
of suckers continues over a very long period of time, the number 
that can be harvested per man per day is generally limited to be
tween 1000 and 1500. Slips can be harvested much more easily. 
Crowns are the cheapest to harvest as they are harvested together 
with the fruit; is this case generally the only additional cost in
volved is their transport to the planting area. 

II.6.2.-QUALITY OF PLANTING MATERIAL. 

Independant of the characters linked to the type and weight of 
respective shoots, there are marked variations in quality, particu
larly in the case of suckers. Their vigour declines with an increase 
in the age of the mother plant, as was mentioned previously, even 
when care is taken to provide a regular supply of mineral elements 
( either with or without insecticides) after the fruit has been har
vested. This loss of vigour is reflected in a decrease in the circum
ference of the base and in a lengthening of the bouquet of leaves, 
which becomes tapered. 

The conditions and length of storage are of equal importance. 
Most authors agree that long storage, particularly in bad condi
tions, reduces subsequent growth potential by obliging the shoot 
to tap its reserves in order to survive (PY, 1960c; NORMAN, 
1980b; PINON, 1981): the shoot requires longer to recover after 
planting, and subsequent growth is slower. In comparison with 
'fresh' shoots, and for a cycle of the same length, the result is a 



PHOTO 113 - Three-line rows in the 
Ivory Coast. (By permission of Guyot). 

PHOTO 112 - Two-line rows in Hawaii. 

PHOTO 114 - Contour planting in 
Martinique. 



PHOTO 11 7 - Hand marking of planting posi
tion in row using a frame -in the Ivory Coast. 
(By permission of Guyot) . 

PHOTO 118 - Mulching 
machine in Hawaii prepar
ing 3 rows of pineapple 
simultaneously. (By per
mission of Teisson) . 

PHOTO 115 - Destruction of old plan
tation with rotary shredder in the Ivory 
Coast. (By permission of Guyot). 

PHOTO 116 - Turning under after 
shredding. (By permission of Guyot) . 



PHOTO 121 - Disinfection of suckers by dipping in insecti
cide and/or fungicide - Ivory Coast. (By permission of Py) . 

PHOTO 122 - Planting shoots - Marti
nique. (By pennission of Py). 

PHOTO 119 - Ridger/nematocide in
jector - Ivory Coast. (By permission 
of Sarah). 

PHOTO 120 - Trimming of suckers in 
the Ivory Coast. (By pennission of 
Py) . 



PHOTO 125 - Planting machine. 
(By pennission of the Queensland 
Agricultural Journal) . 

PHOTO 126 - Weeding is necessary 
in pineapple cultivation, otherwise 
the plot will be rapidly overrun by 
weeds. Here weeding is being 
done with flat hoes, which are 
only effective if the weeds are 
only a few cm. high - (not the case 
in the photo). (By permission of 
Py) . 

PHOTO 123 - Planting area (crowns) in Martinique. 
(By permission of Py). 

PHOTO 124 - Inter-row hoeing using high-clearance 
tractor - Martinique. (By permission of Py) . 



CHOICE, PREPARATION AND PLANTING OF PLANTING MATERIAL 321 

lower mean fruit weight and an increase in heterogeneity . 
The shoot continues to grow in storage (although at a much 

slower rate) and the diameter of the stem shrinks. After planting, 
a constriction occurs that frequently compromises subsequent 
plant development and can cause lodging. However, when storage 
conditions are satisfactory, there may be a beneficial effect, i.e. 
a marked increase in the induction of root primordiums, which 
results in more rapid and more effective prospection of the soil by 
the roots and consequently improved plant growth early in the 
cycle (RAFAILLAC and de RICAUD, 1981). 

In spite of these advantages, a short period of storage is fre
quently impractical, as it increases handling costs and also creates 
practical problems. 

It is interesting to note that all types of shoots travel better 
over long distances when they are partially dried out. This can 
be achieved by lengthy storage in the sun, or at least in a place 
where they are protected from the rain. 

11.6.3.- GRADING AND PREPARATION OF PLANTING 
MATERIAL 

As competition between plants increases with plant develop
ment, heterogeneity obviously also increases with the age of the 
plants. In order to limit the effects of heterogeneity, shoots must be 
strictly graded before planting. 

The higher the density envisaged, the stricter grading should be. 
The same goes for heavy shoots; consequently it is most important 
in the case of suckers. Grading of slips on the other hand, and even 
more so of crowns, can merely consist in eliminating individual 
shoots that are obviously much larger or much smaller than the 
average . In the case of suckers·, it is often possible to limit the 
number of categories (usually comprising increments of 200 g) 
with experienced personnel harvesting the plots at regular and 
frequent intervals. 

It should be noted that most authors agree that optimum 
development of this type of shoot occurs in those weighing be
tween 400 and 500 g (GUYOT, 1976a). 

·In addition to grading by weight, shoots must undergo strict 
selection according to their sanitary condition. All shoots must 
be eliminated that show signs of any kind of damage, e.g. rot due 
to Ceratocystis (cf. 1.4.2.1.2.1) , gummosis caused by Fusarium 
(cf. 1.4.2.1.2.2) or partial wilting caused by mealy bug wilt (cf. 
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I.4.2.2.2). Selection should also be based on the vigour of the 
shoot, i.e. stocky shoots with broad leaves should be preferred 
to those with slender leaves, whose growth will inevitably be 
slow. 

Trimming. In order to facilitate and homogenize growth of the 
shoots after planting (mainly in the case of suckers) it is often 
recommended to remove the more or less dried out leaflets at the 
base that form a barrier between the root primordiums and the 
soil (photo 120). In practice, as this work is highly labour inten
sive , it is only .carried out in regions where labour costs are low and 
is also generally limited to periods of dry weather. Trimming has 
the advantage of facilitating disinfection of the shoots for mealy 
bugs by dipping; however, if there is any delay between trimming 
and planting, the wounds can make the shoot more susceptible 
to attack by the fungus Cerocystis paradoxa (cf. 11.9.2). 

The fruit primordiums at the base of slips are sometimes re
moved as this is said to stimulate renewed growth after planting. 

Trimming of crowns is considered unnecessary and can even 
damage the crown. 

In the case of large suckers the top half of the leaves is often 
cut off to facilitate transport and reduce sensitivity to wind after 
planting. Some authors also state that it limits the number of 
'unwanted' floral differentiations caused by the shoot being re
moved late from the mother plant. However, other authors believe 
the best way to reduce this risk is to increase the growth rate 
immediately after planting by applications of large quantities 
of nitrogen (DALLDORF, 1977). 

Several different regulators have been tested to accelerate root 
emergence, of which IAA (indol acetic acid) appears to be the 
most promising (SINGH and SRIVASTAVA, 1966; LACOEUI
LHE , 1979a; TEISSON, 1979e), but so far this product has only 
been used for experimentation as prolonged contact is needed 
between it and the shoot. 

Organisation of selection and trimming varies considerably 
from one plantation to another. In the case of suckers, where selec
tion is generally based only on weight and freshness , one man can 
handle 5000 shoots per day. Trimming can be done at a rate of 
1500 shoots per man per day. Nowadays, mode operations tend to 
be grouped together, combining selection, trimming and tying 
shoots in bundles (to facilitate handling and transport); approxi
mately 1000 shoots can be handled per man per day. If harvesting is 
also included, the rate falls to between 600 and 800 shoots per man 
per day. 
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Disinfection . Every effort must be made to ensure that only 
healthy planting material is used,as this is the most effective way of 
preventing disease and attacks by pests. 

Several different types of infection start in the shoot: 
- infection by Ceratocystis paradoxa (cf. 1.4.2.1.2.1) , which most 
often starts in the wound caused by removal of the shoot from its 
support, i.e. the stem or fruit peduncle in the case of hapas and 
slips, and the fruit in the case of crowns. A clean cut is particu
larly desirable in the case of crowns, as they are extremely sensitive 
to this pathogen. The crown must be removed with one clean cut 
when the fruit is harvested, and should not be removed by twisting, 
as this inevitably leaves fragments of fruit flesh attached to the 
base, which is where infection starts. Exposing the base of shoots 
to the sun and/or dipping in a fungicide mixture prevents infection 
by this particular pathogen (cf. Plant Protection, II .9): 

- infection by Phytophthora sp. (cf. 1.4.2.1.1.1) as a result of 
handling, also frequently due to earth being thrown up into the 
heart of the plant during planting or immediately afterwards. 
Prevention is either by dipping the shoots in a specific fungicide 
mixture or, to save labour, by applying the fungicide immediately 
after planting. In this case care must be taken to localize the appli
cation in the heart of the rosette of leaves so as not to waste the 
product. Products used and methods of application are given in 
the section on plant protection (cf. II.9.1). 
- infection by mealy bugs causing wilt disease (cf. 1.4.2.2 .2. and 
11.9.7). To prevent infection, all Dysmicoccus spp. must be removed 
from planting material . Here again, dipping in an appropriate insec
ticide is recommended (photo 121). A more effective and less 
labour-intensive method is treating the mother plant during the 
development of the shoots. Alternatively the shoots themselves 
can be treated shortly after planting. In the latter case, disinfection 
is not as complete and a large proportion of the product is wasted 
if the application is not sufficiently localized. In areas where this 
disease is particularly difficult to control, it is better to treat the 
shoots both on the mother plant and after planting. Details of prod
ucts and methods of application are given in the chapter on plant 
protection (cf. II .9.7) ; 
- infection by nematodes. To prevent attacks (cf. 1.4.2.3.1.1 and 
II.9 .8) the shoots can be dipped in a systemic nematocide. However, 
since the contact time needed for full effectiveness is rather long, 
this technique, though effective, is only rarely used. Most frequent
ly either the soil or the young plants are treated (cf. Plant Pro
tection, 11.9.8). 
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11.6.4.- PLANTING SHOOTS 

The transport of the shoots to the planting area is quite a 
big job considering the quantities involved. If transported in bulk 
there will be about 400 suckers weighing 500 g per m 3

• If the 
suckers are tied in bundles of 10, there will be 580 per m 3

• (BOUF
FIN, 1982). 

The next step is the distribution of the planting material 
throughout the area to be planted. On farms where all the work is 
done manually, this task is included in the 'work contract' and 
shoots are usually transported in baskets or sackcloth. However, 
considerable time can be saved if trailers are used. The workers sit 
on the back of the trailer and broadoast the shoots throughout the 
planting area. As extra shoots are always included, any that are left 
over must be removed after planting. If a harvesting machine is 
used on the farm , it is sometimes also used to unload the shoots in 
rows down the middle of the planting area, which facilitates the 
planter's task to some extent. 

When plastic mulch is used, the places where the shoots are to 
be planted is indicated either by a hole or a paint mark. If there 
is no plastic mulch , the place is marked with a 'marker wheel' 
attached to the back of the tractor or with a portable 'marker 
frame' (photo 117). Alternatively string is used, with the distance 
between each plant indicated along it. Sometimes the dibber 
itself is used to measure the distance between the plants, but 
often the spacing is simply ,'judged' by the planters themselves. 
The most commonly used dibber is a lance-shaped metal blade 
attached to a handle, but there are many different variations 
(photos 122 and 123) , the simplest being a stick. Different tech
niques are also used . In the case of suckers, the technique that 
produces the best and quickest results is straddling the row and 
thrusting the dibber obliquely into the soil in the direction of the 
long axis of the row, then lifting it slightly to form a hole. The base 
of the shoot is then placed in the hole (photo 122). The shoot 
will lean at a slight angle, but will right itself during the weeks 
that follow. On the other hand, crowns are generally planted verti
cally , after the soil at the top of the ridge has been loosened with 
a tool, if necessary. 

It is always better to avoid compacting the soil around the base 
of the shoots, but in certain cases compacting is necessary, e .g. 
when large suckers are being planted, to ensure they remain upright. 

In some· countries, holes are first made using a stake with a 
pointed base, but the wells of the cone made in this way are inevi-
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tably compacted and this impedes root penetration . Some farms 
use nursery tools that remove a cylinder of soil, which is a much 
more satisfactory method, but highly labour-intensive. 

Planting depth must be calculated in such a way that the ter
minal meristem is level with the soil. If it is below the level of 
the soil , soil may fall into the heart. This not only slows down 
growth but also increases the risk of attack by Phytophthora sp., 
If the shoot is planted too deeply, the plant reacts by producing 
leaves that are too long and too erect. It is always strongly rec
ommended to avoid planting when the soil is either too wet or 
too dry. In the former case, compaction of the soil prevents satis
factory exploration of the soil by the roots and in the latter, plant 
setting is often irregular, which subsequently causes heterogeneity . 

11.6.5.- MECHANIZED PLANTING 

Efforts have been underway for many years to mechanize 
planting, which is highly labour-intensive when done manually, 
i.e. from 1,500 to 8 ,000 shoots/man/day , depending on whether 
the shoots have been previously distributed throughout the plant
ing area or not, and also on the type of shoot being planted, and 
finally on whether the workers are paid by the hour or per shoot. 

The first planting machines to be used in Australia basically 
consisted of hoppers with seats for the operators placed opposite 
them very close to the ground (photo 125). The operator took the 
shoots from the base of the hopper and placed them in the soil 
between his legs, at intervals previously marked on the soil (KING, 
1964). Later tubes were added and the shoots dropped through 
these into the soil, which meant the operators no longer needed 
to bend down. With equipment of this type an average of 5,000 
shoots could be planted per man per day. 

This technique was perfected with the introduction of a sensor
carrier, which drops the shoots into a furrow opened for them by 
the machine (GUNKEE , KAHL and MAFFET LEE, 1972). Per
formance would be 10 000 to 12 000 shoots planted per man per 
day were it not for the time needed to fill the hoppers. Filling 
the hopper is in fact the most time-consuming task, and calls 
into question the advantage of limited mechanization of this type. 

More recently a Hawaiian company developed a planter whose 
operators sit next to the hupper and place shoots in holes in the 
black plastic as it passes them. The plastic is them laid on top of 
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the soil with the help of wheels with wide tires (photos 127, 128 
and 129). An average of 10 000 crowns can be planted per man 
per day, and in addition the machine distributes fertilizer and 
pesticide, makes the ridge, and, in certain cases, also lays the 
pipe for drip irrigation before covering the edges of the plastic 
with soil (TEISSON, 1979 f). 



11.7.- FERTILIZATION. 

Fertilization is a basic part of pineapple production. The pro
portion of the total cost represented by fertilizers varies depending 
on the intensity of cultivation and on labour costs. Nevertheless it 
always represents a large proportion of total running costs, e.g. 
47 % in Martinique and 37 % in the Ivory Coast in the case of 
intensive cultivation without irrigation (1981 ). If the cost of 
pesticides is included (since part of the objective of pesticides is to 
improve the efficient use of fertilizer by the plant), the proportion 
is increased to 75 % of the total cost (cf. Economic Aspects, IV). 
The high costs of this budgetary item means fertilization must 
produce optimum returns. 

The role of fertilizers is to improve soil fertility, or to sup
plement soil fertility by adjusting it to plant needs. However, soil 
fertility itself depends on a whole series of physical and chemical 
factors that are themselves linked by a network of interactions. 
Fertilizers modify the environment considerably, as do other 
cultivation procedures. Fertility is a general, dynamic concept 
which is by no means limited to the chemical richness of the 
soil. 

The aim of fertilization is to improve the growth rate of the 
plant. But at the same time there is a direct or indirect modifica
tion of the properties of the soil , and the short- or long-term evolu
tion of the soil also has repercussions for the plant. Aiming too 
high for the sake of short-term profit can lead to situations that are 
difficult to rectify. 

Fertilization should have two objectives : 
- short term : to guarantee optimum effectiveness of the fertilizing 

elements supplied; 
- medium term: to control the evolution of soil fertility. 

Applications must be adjusted to the morphological and phys
iological character of the plant. 
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11.7.1.- EVOLUTION OF SOIL UNDER PINEAPPLE 
CULTIVATION 

Medium-term evolution of soils under pineapple has certain 
characteristics that must be understood in order to adopt a ra
tional approach to fertilization. 

Pineapple cultivation after deforestation always results in a 
reduction in organic matter . The kinetics of evolution vary with 
the climate and type of soil and result - after a period of a few 
years - in a new humic balance (GODEFROY et al., 1972; GODE
FROY et al., 1977; GODEFROY, 1982). 

There is a higher loss of organic matter under pineapple than 
under other crops such as banana (GODEFROY , 1974). This evo
lution is due to 
- the lack of continuity in returning organic matter to the soil. In 
contrast with normal forest evolution, under pineapple cultivation, 
enormous quantities of material are returned when the plots are 
destroyed, after which there may be a gap of 2 years or more; 
- the temperature and humidity of the soil. The soil is completely 
or partially uncovered for several months in the early stages of 
cultivation. Aside from the increase in soil temperature and humid
ity that this implies, there are also consequences in connection 
with erosion (ROOSE and ASSELINE, 1978) and soil structure. 

Deterioration of the soil structure is linked to the decrease in 
total organic matter, and also to the evolution towards more and 
more stable components and a decrease in the production of 
transitory humidification (GODEFROY, 1974). This deterioration, 
which is continuous in time, is more closely linked to an increase 
in tbe wetability of soil aggregates than to a reduction in cohesion 
(GODEFROY et al., 1977) (fig . 65). 

Evolution of the chemical characteristics of the soil varies 
depending on its initial richness. The wet, tropical climate that 
suits J?ineapple causes serious leaching of mineral elements and 
sooner or later this can result in improverishment of the soil. 

Plant nitrogen and potassium requirements are relatively high 
(cf. Plant nutrition, I.4.1.3.1.) . If fertilization is limited to these 
two elements, in the short or medium term the result will be acidi
fication of the soil together with a reduction in the level of calcium 
and magnesium. Even when large quantities are supplied, there is 
rarely a marked improvement in potassium due to high losses 
through leaching (GODEFROY, 1979 b) . 

Pineapple phosphorus requirements are low, and this element, 
which is not easily leached, is relatively stable in the soil even when 
no phosphates are supplied. 
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II. 7 .2.- MAINTENANCE OF PHYSICAL AND BIOLOGICAL 
SOIL PROPERTIES. 

Pineapple 's requirements (cf. Ecology, I.4.11, 1.4.12, 1.4.13) 
mean particular attention has to be paid to the physical and biolog
ical characteristics of the soil. 

Maintaining the level of organic matter plays an extremely 
important role during the period when the soil is uncovered and 
thus exposed to attack by the climate. It is during this period that 
the root system is establishing itself and plant needs must be 
satisfied in order to obtain a yield . 

Ploughing crop residues under has a beneficial effect that can 
be measured in the soil profile for a period of approximately 
4 to 6 months. In fact the length of the period varies considerably, 
depending on the climate and type of soil . The speed at which 
residues are decomposed depends too on how small they have been 
shredded (cf. II.5 ). Repeated tilling encourages breakwodn, and 
during the dry season tilling also reduces the number of nematodes 
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(cf. Nematode control, II.9.8). Destruction of the stem is some
times a problem and if not complete, new shoot growth can occur, 
providing a refuge for certain parasites (cf. Mealy bugs, IL 9. 7). 
It is not always a simple undertaking to return all crop residues 
to the field, considering what enormous quantities are involved 
(cf. Plant requirements, 1.4.1.3.1). Under certain conditions, a pro
portion of these residues can be used for other purposes ( cf. Uti
lization, III). A more radical solution is burning. This technique is 
often justified for practical and sanitary reasons (mealy bugs). 
However, in comparison with ploughing in, burning promotes 
erosion in sandy soils (ROOSE and ASSELINE, 1978). The me
dium-term impact of burning on the organic content of the soil 
varies with the type of soil and climatic conditions, and is not 
well understood at the present time. Recent studies (ASGHAR and 
KANEHIRO, 1976 and 1980) of the incorporation of residues 
revealed the extent and complexity of the phenomena involved, 
which makes it difficult to apply the results in a variety of contexts. 

The use of crop residues can be combined with a green manure 
crop between 2 cycles ( cf. Preparation of the soil, 11.5 ; Control 
of nematodes, 11.9.8). KING (1934) showed in Hawaii that a crop 
of Panicum both increased yield and improved the nitrogen status 
of the soil. Since then, FOSTER (1955 b) has drawn up an inven
tory of improvement crops and cover crops under Hawaiian condi
tions. Crop rotation can restore the biological balance of fragile 
soils that are subjected to large quantities of pesticides and her
bicides with residual effects, which are often used in pineapple 
cultivation (cf. Crop rotation, 1.4.2.3.1.1~). 

11.7.3.- MAINTENANCE OF CHEMICAL SOIL PROPERTIES 

Crop residues represent large quantities of mineral elements 
(cf. Plant requirements, I.4.1.3.1) . Due to the speed with which 
organic matter decomposes, elements are released rapidly into the 
soil, often faster than they can be fixed. Compared with the poten
tial they represent, actual utilization by the plant is often limited, 
especially in poor soils in areas with heavy rainfall. 

Acidification and depletion of soils is generally due to massive 
supplies of fertilizer in an acid form (sulphates) . This is particu
larly true of nitrogen and potassium, both of which are easily 
leached, and large quantities of both elements are required by 
pineapple. It is extremely difficult to re-establish soil fertility 
with respect to these two elements in regions with a wet tropical 
climate. 
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However, evolution towards soil depletion is not ineluctable. 
Well-controlled mineral fertilization can, on the contrary, improve 
certain characteristics of the original soil . This is the case in par
ticular of unsaturated ferrallitic soils in the lower Ivory Coast 
(LACOEUILHE , 1978a) . Over a period of 6 years mineral fertili
zation has succeeded in improving the soil to the same extent as 
would more than 15 years of regular and large supplies of organic 
matter. However, although the majority of characteristics have 
improved in comparison with the original forest, including a higher 
pH , permeability has been reduced (PERRIER). Progressive adapta
tion of cultivation techniques (use of ridges) is thus indispensable. 

To this end, mineral fertilization must respect the following 
rules (LACOEUILHE , 1978 a) : 
- supplies of nitrogen and potassium must be split as much as 

is compatible with profitability and the organisation of work 
on the plantation; 

- supplies of easily leachable elements must be available for rapid 
and complete absorption by the plant (period, quantity). 
Supplies must be adjusted to plant requirements (cf. below) so 
as to allow permanent expression of plant growth potential ; 

- supplies must not result in a soil imbalance. Thanks to the pecul
iar morphology of pineapple, soil dressings can be partially 
avoided (gutter-shaped leaves, rosette of leaves that forms 
a funnel); 

- permanent control of soil pH is indispensable. Supplies of ele
ments that are not easily leached - in the form of calcium 
carbonate and magnesium carbonate - help to control evolution 
towards soil acidification ; 

- supplies of minerals must be assimilable by the plant. Absorption 
and metabolization of mineral elements depends an efficient
ly functioning root system. For this, improvement of the root 
environment (physics of the soil, parasitism) is a precondition. 
Merely supplying the plant with the fertilizing elements it 

requires is not enough to ensure maximum yields and optimum 
soil fertility. Obtaining a good return on fertilizers and optimizing 
conditions for growth are closely linked. 

11.7.4.- SATISFYING PLANT NEEDS. 

Adjusting supplies of fertilizer to the rhythm of plant require
ments is essential for the protection of soil fertility. At the same 
time it is the best way of ensuring that supplies are effective. 
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II. 7.4.1.- Nitrogen. 

In the absence of limiting factors, plant growth is determined 
by climatic conditions. In order to realize its growth potential, 
the plant must have permanently at its disposal a sufficient supply 
of necessary elements. The most important of these elements is 
nitrogen and its level in the D-leaf must remain at more than 1 % 
of the total dry matter (MARTIN-PREVEL, 1959c). By acceler
ating growth, nitrogen also increases the need for other elements, 
mainly potassium and magnesium. Thus nitrogen fertilization 
determines that of other elements. 

Consequently it is necessary to know the rate of growth before
hand so that supplies of the necessary elements can be given in 
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advance of plant requirements (cf. figs . 66 and 67), which increase 
with plant growth (cf. Plant requirements, I.4.1.3.1). 

However, fertilization must also be adjusted to seasonal rhythms 
that influence the growth rate. Knowledge of local climatic condi
tions is needed for setting up a coherent fertilization schedule. 
As far as rainfall is concerned, irrigation can compensate for irregu
lar rainfall that could prejucide satisfactory control of production. 
Another way of adapting to climatic variations is to make sure 
the nutritional status is higher when conditions do not favour 
the satisfactory functioning of the root system. 

Fertilization should be increased before a seasonal risk of 
excess or reduced water supplies to the soil. Plant resistance is 
thus increased. 

Supplies of elements required for growth must also be adjusted 
to the age of the plant and the stage reached in the cultivation 
cycle. When plants are young, requirements are limited and the 
soil is still benefitting from the enrichment provided by the return 
of organic matter and mineral elements. Soil reserves, which repre
sent an important source throughout the cycle even in poor soils, 
are well adapted to satisfy plant requirements at this stage of 
growth. Thus during early stages, supplies of fertilizer can be very 
small, and in any case below the level of plant requirements. 

However, this adjustment is only possible if the nutritional 
status of the shoots at planting is satisfactory. Shoots use re
serves to put out roots, and the lighter the shoot, the smaller 
the reserves. Consequently it is important to fertilize the shoots 
while they are still on the mother plant. 

If this has not been done, or if the first roots have been de
stroyed by physical or biological conditions, supplies can be given 
to the young plant, although this is a delicate procedure, as enri
ching the soil at this stage limits root development - exactly the 
contrary of the effect desired. 

Aside from the question of reserves, the nitrogen status of the 
plant during the earliest stages has less influence on yield than at 
flower induction (SANFORD, 1962). Fertilizing must result in 
a satisfactory rate of growth at flower induction. This is the key 
to reducing the length of the cycle. The number of fruitlets that 
are differentiated - a determining factor in the weight of the mature 
fruit - depends on the activity that takes place at the apex. Thus 
rapid growth and development are indispensable at this particular 
stage, and are achieved by increasing nitrogen nutrition (leaf col
our 1 or 2 according to the Hawaiian code) . This objective should 
nevertheless not be allowed to compromise the success of flower 



334 CULTIVATION 

induction (cf. II.10). Whenever success is in question, it is prefer
able to decrease nitrogen nutrition slightly, taking into account 
the speed of absorption of fertilizer by the plant ( cf. below). 

Normally nitrogen fertilization is not continued after flower 
induction. However, limited supplies can be given if the nutritional 
status of the plant is unsatisfactory or if conditions governing 
plant supplies from the soil are unfavourable ( excess or lack of 
water). These supplies are more beneficial if they are given during 
leaf growth, i.e. before the appearance of the inflorescence (cf. 
Vegetative growth, I.3 .3) . , Under these conditions, supplies. 'Yill 
have little negative impact on fruit quality. The main reason for 
discontinuing supplies of nitrogen is the disastrous effect it has on 
fruit quality (cf. Physical Environment and the Fruit, 1.4.1.4). It 
can be continued after the fruit harvest to aid shoot growth (cf. 
above) . 

II. 7.4 .2.- Potassium. 

Potassium represents double the mass of nitrogen in the plant 
until flower induction (LACOEUILHE , 1978a). Total potassium 
requirements, which are linked to the effect of nitrogen on growth 
(cf. Plant Nutrition, I.4 .1.3), are roughly in the same ratio. 

The role played by the soil in the supply of potassium depends 
on soil richness, and particularly on the proportion and type of 
clays it contains. 

Lack of response to potassium fertilization is rare ( cf. The Soil -
Chemical Characteristics, 1.4.1.2.2) and rapid soil depletion must 
always be avoided by replacing at least the equivalent of quantities 
removed during the course of the cycle (cf. Plant requirements, 
I.4.1.3 .1). Potassium is easily leached in poor soils; in this case 
supplies should be split - as for nitrogen - into steadily increasing 
rates of application. 

Requirements are low in early stages of growth and are general
ly satisfied by the soil. When the stage of active growth is reached, 
plant requirements increase rapidly. Potassium plays an important 
role in the transfer of metabolites. Potassium needs are also linked 
to sunshine and the intensity of photosynthesis. By influencing 
the water economy (cf. Ecology - the Plant and the Climate, 1.4. 
1.1) it can have a favourable influence on growth when water 
supplies are partially reduced. However, the relation between 
potassium requirements and the water supply is still not well 
understood. 

The KzO/N ratio of the fertilizer should be increased with: 
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- the rate of growth and age of the plant, 
- the quantity of nitrogen, 
- an increase in sunshine. 
The K20/N ratio plays an important role in fruit quality. The 

increase in this ratio just before flower induction has much to 
do with this problem. Absorption of potassium continues after 
flower induction and occurs more actively than that of nitrogen 
(LACOEUILHE, 1973b) . It is important to maintain a high level of 
potassium during this period when large quantities of nitrogen are 
available in the soil (newly cultivated soil, conditions favourable for 
mineralization). Additional supplies are sometimes useful in poor 
soils, under these conditions, for increasing the acidity of the 
fruit, though supplies are less effective at this stage than during 
the vegetative stage (TISSEAU, M.-A. and TISSEAU, Renee, 1971; 
TEISSON, 1977). As is the case with nitrogen, the most effective 
period is close to flower induction. 

Potassium is necessary for the growth of shoots (DALLDORF, 
1975b). Quantities removed should be estimated in the case of 
rich soils. In poor soils, quantities supplied should be the same as 
nitrogen. 

II. 7.4.3.- Control of pH - Calcium.- Magnesium - Phosphorus. 

Unless control of the pH is effective, even ideal fertilization 
will not produce satisfactory results. 

Pineapple prefers acid (pH 4.5 to 5.5 ), weakly saturated soils 
(cf. the Plant and the Soil, I.4.1.2). Maintaining the pH at opti
mum values is 'Sometimes difficult, especially when the desired 
values are low. Split applications of N - K fertilizer limit the risk 
of evolution towards acidification; nevertheless specific dres
sings of carbonates will be necessary. 

The relative importance of plant magnesium requirements 
together with the lack of this element in many soils used for the 
cultivation of pineapple has led to a preference for double dressings 
of calcium carbonate and magnesium carbonate. The quantities 
necessary can be estimated according to the alkalizing effect the 
product has on the soil concerned, i.e. approximately 1 to 1.5 
t/ha of magnesium carbonate (200 - 300 kg of MgO) on the de
satured soils of the lower Ivory Coast (GODEFROY et al. , 1976). 
Supplies are incorporated during soil preparation. 

Even when slowly diffusing products are used, supplies do not 
always satisfy plant requirements throughout the cultivation 
cycle, especially in poor soils ( cf. the Plant and the Soil, 1'4.1.2). 
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In this case additional supplies can be given in the form of com
plete fertilizers containing magnesium, or in the form of magnesium 
sulphate sprays. Plant requirements are estimated by leaf analysis 
(cf. Plant Nutrition, I.4.1.3). 

pH is also the main factor that determines the assimilability of 
trace elements. Deficiencies are often due to lack of control of 
the pH , which may cause blockage of these elements, or converse
ly , soil depletion. In the case of ferrallitic soils in the lower Ivory 
Coast, the risk aluminium toxicity increases rapidly when the pH 
is below 4 .5 . This is not an isolated case and deficiencies of trace 
elements are to be expected, especially molybdenum. 

Liming does not always have as beneficial an effect on the soil 
structure as it does in temperate climates (reduction of permea
bility (GODEFROY et al ., 1976). In unsaturated soils it can im
prove the persistance in the soil of potassium and magnesium. 
The indirect effects of liming seem to dmappear quite rapidly with 
heavy rainfall (MARCHAL, 1980). 

Abrupt intervention with excessive quantities can result in 
marked imbalances, which are sometimes the cause of vegetative 
accidents such as crook-neck, particularly during the dry season 
(LACOEUILHE, 1973e), and also increase the risk of rot caused 
by Phy tophthora in the rainy season (GODEFROY et al ., 1976). 

Phosphate fertilizers must be included in pH assessment if they 
contain calcium and can thus effect the pH to a varying degree. 
As plant requirements are low, supplies of phosphate are only 
given when assimilable phosphate is not available in the soil. Com
plete fertilizers that have even small quantities of phosphate make 
additional supplies unnecessary. 

II. 7.4.4.- Trace elements. 

Control of the pH is indispensable for satisfactory trace element 
nutrition and this is relatively simple to achieve. Other blocking 
phenomena can occur, for example, blockage of zinc by phosphates 
or ferromanganese complexes . True deficiencies can also be found, 
depending on the geological origin of the soil. 

Comparatively complete formulas are now available that can be 
used for a wide range of plants and are simple to use. Supplies to 
the soil are rare, except when there are large quantities of impuri
ties, in scoria for example. 

Spraying is the most widespread form of application. The 
cheapest formula is chemical salts, which are mostly used in solu
tion (0.5 to 1%). Urea added to the solution aids absorption of the 



PHOTOS 127, 128 and 129. 
Three views of a planting 
machine planting crowns in 
Hawaii. The machine also 
incorporates fertilizer and ne
matocides in the soil and can 
lay drip irrigation pipe if 
required . (By permission of 
Aubert and Teisson) . 

Reproduction courtesy of the COMPAGNIE FRUITIERE 
33, boulevard Ferdinand-de-Lesseps - 13014 Marseille, France 



PHOTO 131 - Irrigation with 
rotating high-volume sprinkler 
Ivory Coast . (By permission 
of Py) . 

PHOTO 133 - Herbicide application by battery-powered 
rotary atomizer - Ivory Coast. (By permission of Ciba
Geigy) . 

PHOTO 130 - Irrigation with 
set of small irrigation units 
of the rain bird type. (By 
permission of Py) . 

PHOTO 132 - Boomspray reel 
irrigator in Hawaii. 

Reproduction courtesy of A.V.M. FRUITS 
Quai des Usines, 112-154, Werkhuizenkaai - 1020 Brussels, Belgium 
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PHOTO 135 - Deflector nozzles 
used to limit application of 
herbicide to inter-row space -
Ivory Coast. (By permission of 
Guyot) . 

PHOTO 134 - Sprayer with 
portable sprayline generally 
used on uneven ground -
Martinique. (By permission 
of Barbier). 

PHOTOS 136 and 137 -
Application of mixture of 
fertilizer and pesticide with 
power-driven high-clearance 
sprayer - Ivory Coast. 

Reproduction courtesy of Ets BOBARD.JEUNE 
17, rue de Reon - 21204 Beaume, France 



PHOTOS 140 and 141 - Power
driven high-clearance sprayer for 
mixed applications - Ivory Coast. 
(By perm1Bszon of Guyot and 
Bouffin). 

PHOTO 138 - High-capacity sprayer 
for mixed applications. 

PHOTO 139 - Filling sprayer from 
tank lorry - Mai:tinique. (By per
mission of Py ). 

Reproduction courtesy of TECNOMA S.A. 
54, rue de l 'Electricite - 51206 Epernay, France 
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salts. However, the resulting solution will be acid and should be 
neutralized, especially in the case of copper sulphate. Ferrous 
sulphate, which is more easily assimilable, has to be protected 
against oxidation by the addition of citric acid (750 g/3500 kg 
of ferrous sulphate/ha). This element does not migrate easily in 
the plant, so spraying should be repeated at frequent intervals 
(monthly). The same is true to a lesser extent for other elements, 
since only a small quantity is provided with each application. 

11.7.5.- METHOD OF APPLICATION. 

11.7.5.1.- Solid fertilizer. 

Split application of fertilizer in solid form is frequently ex
pensive if specialized equipment is not available, as it is highly 
labour-intensive and requires fertilizers at a low concentration. 
In these circumstances four-element fertilizer (N-P205-K20-Mg0) 
is becoming more and more widely used. Assuming the minimum 
quantity required for each plant is 10 g, the fertilizer generally 
includes about 19% nitrogen. The proportions of other elements 
should be adapted to suit local soil and climatic conditions, e.g. 
8-4-20-4 in the Ivory Coast, and 12-6-24-4 in Martinique. Slow
acting formulas, which are generally expensive, are rarely used 
for the cultivation of pineapple. 

During the dry season when dew and light rainfall collect on 
the pineapple plant, mineral elements are absorbed slowly and 
progressively at the base of the leaves. There is quite considerable 
nitrogen loss through volatilization if there is no rainfall and when 
solid fertilizers are applied without incorporation into the soil. 
On the other hand, during the rainy season absorption is rapid 
both by the leaves and the roots. Losses increase with the amount 
supplied per dressing. The rapidity and rate of absorption of ferti
lizers in solid form depend on climatic conditions and do not 
always conform to growth requirements (severe drought or in
tense rainfall). Drought delays the effect supplies have on growth, 
and this can lead to failure of flower induction treatment.Depend
ing on climatic conditions, the last application of nitrogen in solid 
form should be made at least 1 to 2 months before flower induc
tion treatment. 

Fertilizers in solid form have to be dissolved before they can 
be assimilated. They should be placed in the axils of the old leaves 
that are unlikely to suffer from burning. Although absorption 
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here is slower than through the youngest leaves (MARCHAL and 
PINON, 1980), the fact that the elements are easily dissolved and 
the aerial roots have many root hairs more than compensate for this 
disadvantage. Manual application of solid fertilizer takes approxi
mately 5 days/ha, as opposed to 2 days for a side dressing. 

II.7.5.2.- Leaf spray. 

Leaf spraying is well adapted to pineapple morphology. There 
is good reason to believe that the trichomes (cf. 1.3.1.2) play an 
important role in the absorption of elements in solution (SAKAI 
and SANFORD, 1980). Experiments with nitrogen 15 (MARCHAL 
and PINON, 1980). have shown absorption of nitrogen is higher 
on the underside of the leaf, which has more trichomes, and the 
younger the leaf and the trichomes, the higher the absorption. 

All elements supplied in the form of leaf spray are rapidly 
absorbed and this is particularly true of nitrogen. The increased 
frequency of applications linked to the simplicity of this method 
means that plant nutrition is more regular. The infiltration coeffi
cient is more satisfactory with low quantities of fertilizer. Absorp
tion by the leaves depends on the quantity of solution and on 
leaf area. A certain proportion of the solution falls onto the ground 
and is absorbed either by the roots or by weeds. When the plants 
are young and the application not satisfactorily localized, the 
proportion of solution that falls to the ground is high . Spray 
applications are particularly beneficial on soils that are poor in 
potassium either because the soil is desaturated or because the 
population of potassium in the exchange capacity of the soil 
is low. 

Leaf sprays mean large quantities of water have to be used to 
prevent burning of the leaves (photos 146 and 147). Consequently 
this method of application is better adapted to mechanized plan
tations (high-volume boomsprayers) (photo 137) with high plant
ing densities ( over 50 000 plants/ha). The elements that cause 
burning are those that are rapidly absorbed, in other words mainly 
nitrogen. In dry, sunny periods there should not be more than 
3% urea and 10% ammonium sulphate in the solution. 

Considering it is the concentration of salt rather than of ele
ments that is significant, concentrated fertilizers such as urea are 
preferable to other forms. MARCHAL and PINON (1980) have 
shown that absorption of ammonium sulphate is lower than that 
of urea. Potassium rarely causes burning as long as the ratio of 
potassium to nitrogen that is required for satisfactory fruit quality 
is respected. According to PAGE ( 1971), pineapple cannot use 
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potassium absorbed through the leaves. However, potassium sup
plied as leaf spray does have a significant qualitative and quantita
tive effect on yield (PY, LACOEUILHE, MARCHAL). 

As already mentioned above, large quantities of water are 
required, i.e. 2500 to 5000 1/ha. The quantity of urea in any one 
application varies from 50 to 200 kg/ha, and usually double that 
quantity of potassium sulphate. As potassium sulphate is of limited 
solubility and consequently difficult to dissolve (particularly in 
the case of large particles) agitation tanks are required. The choice 
of mobile or stationary tanks depends on whether the amount of 
time required to re-fill the sprayer is of significance. 

Spraying can be carried out either at regular intervals using 
increasing quantities, or the same quantities applied with increas
ing frequency . The latter can cause problems in connection with 
the organisation of work if production is not regular throughout 
the year, which is usually the case in the production of fruits 
for the fresh fruit market, or when the fertilization schedule has 
to be adjusted for the season. This method is better suited for use 
with equipment other than high-volume sprayers. However, one 
advantage is that the consistent use of the same quantities avoids 
confusion between different plots. 

The more developed the plant cover, the more advantageous 
spraying becomes. During the months immediately after planting, 
the plant cover is limited and direct utilization by each plant 
is consequently low. On the other hand, since plant requirements 
are also low, the volume of liquid can be reduced and the applica
tion can be more localized. In mechanized plantations, spraying 
equipment and the maintenance of this equipment play a deter
mining role in the organisation of the farm. The same equipment is 
used for the application of trace elements, pesticides, herbicides 
and sometimes growth regulators. Consequently, low- or ultra
low-volume sprays are rarely used on large-scale plantations ( cf. 
II.2, Preparation of the Soil) . A further disadvantage is that the 
relative frequency of wind in pineapple-producing regions in
creases the risk of drift with ultra-low-volume sprays. 

II.7.6.- METHOD OF APPLICATION AND LOCALIZATION 

II. 7 .6.1.- Nitrogen. 

Aside from the practical problems mentioned above, ammo
nium sulphate produces more satisfactory results as a top dressing 
( or placed in the axils of the leaves) than as a spray. The reverse 
is true for urea , although there is often very little perceivable 
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difference (LACOEUILHE, 1978 a). 
A comparison of the two salts, using the same quantities and 

the same intervals between applications, generally turns out in 
favour of ammonium sulphate. This could be due to the sulphate 
ion (PY, 1962 a) , although considerable quantities are also supplied 
with potassium. It is even more difficult to understand the results 
of this comparison because less nitrogen is absorbed from ammo
nium sulphate than from urea, irrespective of where the fertilizer 
is placed (MARCHAL and PINON, 1980). When placed on the soil , 
urea can be lost due to nitrogen volatilization. As far as biuret is 
concerned, the manufacture of fertilizers is well enough controlled 
to ensure that toxicity is low. 

11.7.6.2.- Potassium. 

In the case of potassium it fa generally recognized that sul
phates are more effective than chlorides (SIDERIS and YOUNG , 
1954; PY et al. , 1956; SAMUELS and GANDIA DIAZ, 1960; 
MARTIN-PREVEL et al. , 1967 ; LACOEUILHE , 1978a) . This 
conclusion has occasionally been questioned (DALLDORF and 
LANGENEGGER , 1976), particularly when relatively small quan
tities of potassium are used. 

The chlorine ion has a depressive effect on fruit weight and 
Brix (MARCHAL et al ., 1980), particularly in young plants. The 
Cl level in the whole D-leaf should be less than 1. 7% d.m. On the 
other hand, chloride increases fruit acidity. This fact together with 
its better solubility and its reasonable cost can justify the use 
of potassium chloride before flower induction when fruits lack 
acidity (1/4 to 1/3 the total quantity of K), and should have 
no detrimental effect on fruit weight. 

Although in certain circumstances, such as those found in South 
Africa (Anonymous, 1977a), the use of chloride can imply more 
profitable returns on potassium applications, its use cannot be 
generally recommended. 

II. 7 .6.3.- Other elements. 

Other types of fertilizer that supply P, Ca and Mg oefore 
planting must be applied in a form that will not cause soil acidi
fication (except when the soil pH is high) . Cost and availability 
are often decisive factors . 
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Complete fertilizers used to provide additional supplies of 
magnesium generally contain this element in the form of both 
potassium and magnesium sulphates. 

11.7.7.- EFFECT OF COVERING THE SOIL 
WITH PLASTIC MULCH. 

Covering the soil has multiple effects on growth and yield and it 
also has a marked effect on plant nutrition. 

The humidity and temperature of the soil are more regular and 
mineral elements more easily assimilable. The soil structure is 
protected from the destructive influence of rain. Consequently 
root activity is enhanced and the soil can be more satisfactorily 
exploited by the plant. However, this is only the case if root para
sites are properly controlled, as otherwise these also benefit from 
the presence of plastic much. 

Leaching of mineral elements and pesticides is also reduced, 
so that at least a certain portion of the N-K fertilizer can be applied 
before planting. This should be mixed with the soil forming the 
ridge. However, initial enrichment of the soil can limit root de
velopment to a certain extent, which can be a disadvantage in 
poor soils (LACOEUILHE, 1979b). 

After a period of 6 to 8 months, the residual fertilizer in the 
root environment can no longer satisfy plant needs, which increase 
considerably at this stage of growth (GODEFROY and LACOEUI
LHE, 1979). An increase in the initial amount supplied does not 
noticeably increase their persistance in the soil (LACOEUILHE, 
1980). Thus, the total amount of N-K fertilizer needed to obtain 
fruits weighting from 1.8 to 2 kg, not including the crown, cannot 
reasonably be placed under the plastic mulch. This technique 
can nevertheless be used to supply a relatively high proportion of 
N-K fertilizer; the exact proportion will depend on the soil ( che
mical richness, susceptibility to acidification), on rainfall, length 
of cycle and the yield required. On poor soils only one third of the 
total amount required (and occasionally 50% of the potassium 
can be supplied in this way. 

The remainder can be supplied in solid form provided it is 
placed in the axils of the leaves and at the base of the plant. Spray
ing should be limited to the leaves, as any solution that falls onto 
the plastic mulch cannot be used; thus the quantity of liquid 
should be reduced. Be that as it may, the effect of fertilization 
during the course of growth is comparable to that obtained without 
plastic mulch. 
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Clearly none of these problems arise if nitrogen, potassium 
and possibly magnesium are supplied in the water used for drip 
irrigation ( cf. Irrigation, II.8 ). 

II.7.8.- LIMITING FACTORS. 

Fertilization can only be profitable if there are no limiting 
factors other than nutrition; and this condition is much more 
significant than the method of application, or whether solid fertil
izer or spray is used. Control of parasites and weeds is a precondi
tion. The response curve to increasing quantities of fertilizer is 
'higher' (fig. 68) with effective control of nematodes in an envi
ronment that favours their development ( cf. Control of Root 
Parasites, II.5, II.9 .8 and II.9.9). Satisfactory water supplies (nei
ther too much nor too little) are essential i'or the efficient utili
zation of fertilizer by the plant (cf. Deficiency symptoms, I.4.1. 
3.2; Physical characteristics of the soil, I.4.1.2; Root growth, 
I.3.3.2, from Biology to Cultivation). 

Fertilization thus cannot be limited to determining the amount 
of major elements required and compensating for deficiences in 
minor elements, which are frequently induced. A whole series of 
different techniques has to be used in order to ensure productivity 
and profitability. 

II.7.9.- EXAMPLES OF RATES AND DISTRIBUTION 

The quantity of elements supplied to each plant obviously 
varies considerably from one production area no another, as can be 
seen from the values given below (for a mean fruit weight of from 
1.8 to 2.0 kg): 

N P205 K20 MgO 

West Africa (g/plant) 8 - 10 0 - 0.5 N 1 - 2.5 N 0 - 0.25 K20 
Martinique (g/plant) 10 - 12 0 - 0.5 N 1.5 - 2 N 0 - 0.3 K20 
Australia (kg/ha) < 600 < 225 > 1400 < 525 
South Africa (kg/ha) 350-400 0 - 70 0 - 350 

Tables 42, 43 and 44 give examples of typical fertilization 
schedules used in the Ivory Coast on desaturated soils, where there 
is no marked difference between seasons; in Australia, where 
differences between seasons are considerable; and in Martinique 
which occupies an intermediate position in this respect. 



FERTILIZATION 343 

1.7 

1.5-
.r: 
CJ) 

Q) 

;: ·---------·-a 
//~ 

.... t3 
2 

\.J... 

1.1 -

.... 

30 60 90 
g/plant of 8-4-20·4 

Figure 68 • Influence of nematicide treatment on res
ponse to increasing quantities of fertilizer : 
8N-4P205·20 K20-4 MgO (LACOEUILHE, 1978). 

a: no nematocide. 
b: DBCP : 151 /ha at planting + 7.5 I /ha 4 months later. 
c: DBCP: 22.5 I/ha at planting+ 11.25 I /ha 4 months later 
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Figure 69 • Compatibility of products used as leaf sprays (Anonymous, 1977). 
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TABLE 42. Fertilizer used in the Ivory Coast for the production of fresh fruits for export, plants grown from suckers 
(60-70 000 plants/ha) (desaturated ferra litic soil). 
N and K fertili~ation schedule using equal quantities for each treatment (dates given are weeks after plantina:) 

Length of cycle from 
1 t. 5 12 . 5 13.5 14 . 5 

planting to harves t 

I s t sprayi ng 

2nd II 11 II 

3rd 13 15 16 15 

4 th 16 19 20 19 

5 t h 19 23 24 23 

6 th 22 26 27 27 

7 t h 24 28 30 3 1 

8 th 32 34 

9 th 36 

Floral i nduc ti on 26 30 34 38 

N.B . ; 1. During periods with heavy rainfall (may-june) spraying is replaced by application of solid ferti lizer (0.7 g N • 1.75 g K20 per 
plant and per application. 

2. To increase acidity of fruits harvested from february to may potassium su lphate is replaced by chloride (same total amount) 
for the last 3 sprayings. 

To tal quantities pe r c ycl e (g/pl an t ) 

I - 2 10 4-7 2-3 

N.1. : 1. P205 , CaO and MgO are supplied as soil dressing before planting. 
2. Part of the nitrogen and potassium (1 g N and 2.5 g K20 per plant) are mixed with the soil of the ridge when the plastic 

mulch is being laid . 

TABLE 43 - Fertilizer used in Martinique for the production of fruits for canning, plants grown 
from crowns (60 000 plants/ha) at low altitudes (soil evolved from volcanic pumice). 

Month Fertilize r placement Quantity (kg/ha) of product 

soil 1 200 k g magnesium limes tone 
400 kg hyperphosphate 1 c ycle o ut o f 2 

leaves 50 kg ure a + 50 kg potassi u m sulphate 
50 kg ' 50 kg 
50 kg ' 75 kg 

soil 1 200 kg 12.4.24.4 fe rtilize r 

leaves 50 kg u r e a + 75 kg pot ass ium s ulphate 
75 kg + 100 kg 
75 kg + 150 kg 

100 k g + 150 kg 

axil s 1 200 kg 12.4.24 . 4 fe rtili ze r 

leaves 125 kg ure a + 200 kg potassium s ulphate 
125 kg + 200 kg 

10 . 5 1 s t floral induc tion 

15.5-16 1 s t ha rvest 

17 leaves 150 kg urea + 200 kg p otass ium s ulphate 
18 150 kg + 200 kg 
19 150 kg + 200 kg 
20 150 kg + 200 kg 
21 150 kg + 200 kg 
22 150 kg + 200 kg 

23 2nd flor a l inducti on 

28-28. 5 2 nd harvest 

This standard chart should be modified according to seasonal variations and the rate of growth 
(dry season : january to april , reduced growth from november to march). 

Total quantities (g/plant) Soil correcti on 1 s t harvest 2nd h a rvest 

N 10 . 15 6 . 9 
P205 2.0 J. 6 
K20 18 .35 10.0 
CaO 9 . 7 
MgO 4.0 J. 6 
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11.8 .. IRRIGATION. 

(Basic information needed to satisfy water requirements) 

11.8.1.- DEFINITION OF THE PROBLEM· 
AGRONOMIC WATER MANAGEMENT 

Pineapple's water requirements are relatively low in comparison 
with other plants (cf. Ecology, I.4.1.1.1.2) and irrigation is still 
rarely used in the cultivation of pineapple in spite of the fact that 
an adequate water supply is indispensable for productivity ( cf. 
1.5). 

Pineapple can adapt to drought thanks both to its morpholog
ical characters (cf. Botany, I.3) and physiological characters (cf. 
CAM, I.3.2), which are organized around extreme sensitivity to a 
soil water deficit. Only a relatively shallow layer of soil is explored 
by the roots (cf. Root growth, I.3.3.2) and this layer is subject to 
frequent and considerable changes that aggravate the consequences 
of the plant's sensitivity to water stress. In addition to drought, 
excess water also has a damaging effect on root activity. Optimum 
soil moisture is close to field capacity and is limited to quite a 
narrow range of values. Depending on the type of soil, the diffi
culties involved in maintaining optimum soil moisture are inversely 
related to the plant cover ( cf. I.5 ). 

Irrigation is justifiable in the following circumstances: 
- regions with insufficient rainfall over a period of several consecu

tive months; 
- to compensate for climatic potential (total solar radiation) that 

induces CAM, and that is aggravated by water stress; 
- to improve the availability of mineral elements in the soil (cf. 

Symptoms of mineral deficiences, I.4.1.3.2). 
Badly managed irrigation can have harmful effects ( excess of 

water, leaching of mineral elements and pesticides, damage to soil 
structure, discontinuity in the water supply) on both growth and 
the quality and quantity of the yield. 

Consequently, from a practical point of view, providing opti
mum conditions for growth and yield is not simple and involves 
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several quite different aspects that do not necessarily lead to the 
use of irrigation. Before the irrigation option is chosen, there are 
various cultivation techniques that can be used to improve the 
water eaconomy, as has already been discussed in the chapter on 
fertilization. These are: 
- increasing the plant's capacity to utilize soil water. Both prepara

tion and improvement of the soil play a determining role in the 
depth of root penetration. Maintaining the healthy condition 
of the roots is indispensable; 

- conservation of soil water via weed control (chemical and mechan
ical and the use of optimum planting densities to ensure the 
soil is covered rapidly enough to reduce evaporation. By ad
justing, planting dates, planting material and the length of 
the cycle, it is possible to limit the effect of a relatively short 
dry season, which can be all the more dangerous if it occurs 
just after planting. 

11.8.2.- THE USE OF MULCH. 

Covering the soil with an artificial mulch has been done for 
many years now, particularly in Hawaii. The material used has 
changed over the years due to advances in technology. At the 
present time the most commonly used material is black plastic 
film, 0.03 to 0.05 mm tick. 

Due to the fact that it is a petroleum product, the cost of plastic 
has risen significantly over the last decade, and can be considered 
the equivalent of approximately 3 t/ha of fertilizer (Martinique, 
1980). It is usually laid mechanically at the same time as ridging 
and other associated operations are carried out. However, it can 
also be laid manually (approx. 10 days/ha) if the ground is too 
uneven, or in regions where .labour costs are low. 

Plastic mulch considerably reduces water loss from the soil 
due to evaporation. This is particularly true during the first few 
months after planting when the plant cover is inadequate. As long 
as it is laid on humid soil, it will maintain satisfactory conditions 
for the growth of the first flush of roots. The shoots recover more 
rapidly after planting and also much more homogeneously when 
plastic mulch is used. 

Partially covering the soil can slow down drying out if drainage 
is unsatisfactory. Subsoiling, particularly in the case of heavy 
soils, the absence of a plough pan, the use of ridges (which, inci
dentally, are useful for covering the edges of the plastic) often 
prove indispensable. 
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When plastic mulch is used, re-damping of the soil after rain is: 
- more irregular: the quantity of water that penetrates the soil 

at the base of the plant depends on the leaf area that collects 
rainfall and how much can infiltrate through the hole in the 
plastic sheet; 
slower: water can come back up due to capillary action and 
diffuses horizontally. The granulometry of the soil influences 
the intensity and speed of this phenomenon; 

- altogether less: 35 to 50 % of the rain water does not penetrate 
the soil of the ridge during the first 3 months (COMBRES, 
1982). 
The film of plastic reduces the surface moisture gradient. 

Frequently there is even condensation on it. It also reduces daily 
variations in soil moisture and in soil temperature. Loss of heat 
through radiation and evaporation is reduced. The 'umbrella' 
effect of the plastic also protects the soil structure and reduces 
leaching of mineral elements and pesticides. The root environment 
is consequently more constant in the short and medium term, 
and thus more favourable to root growth. Roots have a bigger 
diameter and more root hairs (PINON and PENEL, 1981 ( cf. I.4. 
1.2.) . 

Plastic mulch nevertheless has several disadvantages ( cf. II.5.2), 
though as a whole it can be considered to have a beneficial effect 
on growth and yield. Considering the high cost, its use is most 
justified - in the absence of irrigation - when conditions governing 
the supply of water are moderately unfavourable. 

II.8.3.- SPRINKLER IRRIGATION (photos 130, 131 and 132) 

If the soil water reserve is insufficient, 30 to 40 mm of water 
must be provided by irrigation before the plastic is laid. In these 
circumstances it is advantageous to coordinate the different oper
ations that have to be carried out at the same time as ridging. 
Occasionally this can prove problematic, and some farmers prefer 
to irrigate several times after planting. 

Generally speaking, plastic mulch complements sprinkler 
irrigation (cf. above). Quite large quantities of water can be saved 
(60 to 70 mm or 600 to 700 m3 /ha in the centre of the Ivory 
Coast according to COMBRES). The intervals between irrigation 
can be greater, schedules can be more flexible and results are often 
more successful (cf. 1.4.1.2). 

Optimum irrigation is not easy to attain . The crucial stage is 
when the shoots renew growth after planting and when the first 
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flush of roots emerge. Maintaining sufficient moisture at the base of 
the plants (0 to 5 cm) is more difficult without plastic, and frequent 
irrigation (once a week) and a lot of water (3 to 4 mm/day) is 
required (COMBRES, 1982). This period lasts one to two months. 

During the course of the subsequent stage, the plants progres
sively cover the soil. In this case plastic helps maintain adequate 
moisture in the area explored by the roots. It has been estimated 
that plastic mulch reduces the overall quantity of water to be sup
plied (approx. 2 mm/day in the centre of the Ivory Coast, according 
to COMBRES) by at least 50 %. If the soil is not covered, irriga
tion should be carried out at weekly intervals. 

When the soil is adequately covered by the plants, plant water 
requirements are at their maximum and remain the same whether or 
not plastic mulch is used. Requirements are around 65 % of lawn 
evapotranspiration (if the only available reference is a class A 
evaporation pan, a slightly lower percentage can be used). However, 
since pineapple is not especially sensitive to a deficit in air satura
tion due to its stomatic resistance, it is always preferable to use 
formulas based on radiation. The rate of irrigation is determined 
by soil reserves. Pressure gauges placed at a depth of 15 cm allow 
sprinklers to be switched on at a threshold of 15 centibars. In 
practice, the frequency of irrigation can range from 7 to 20 days. 

This stage ends when leaf growth is terminated, i.e. approxi
mately when the inflorescence appears. 

During the development of the fruit, its full photosynthetic 
potential can only be realized if plant water requirements are fully 
satisfied. If this is the case, there can be a marked increase in yields 
(300 to 700 g per fruit in central Ivory Coast according to COM
BRES ). Irrigation during this stage is very profitable but is also 
potentially dangerous ( cf. Fruit Quality : 1.4.1.4) if incorrectly 
managed. Supplies must be regular to obtain approximately 50 % 
lawn evapotranspiration. If soil reserves are maintained satisfacto
rily it is advisable to stop irrigation 8 to 15 days before harvesting 
to improve firmness of the fruit flesh. Irrigation can be continued 
at the same rate after harvesting to ensure satisfactory growth of 
the shoots, if so desired. 

Using these data as a basis, crop requirements can be estimated 
plot by plot according to the planting schedule and checked against 
local water availability. 

It is interesting to note that experienced people can judge the 
water status of the plant by the thickness of the layer of water 
storage tissue in the leaves ( cf. 1.3.1.2). The layer of tissue is re
vealed best by cutting across the D-leaf halfway down its length. 
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In this way the supply of water can be checked at least to a cer
tain extent. 

TABLE 45 - Output of sprinklers as a function of soil characteristics and the 
slope of the ground (COMBRES, 1979 f) . 

Little or no s l ope Slope of more than 5 o/o 

Clayey 5 - 6 mm/h 3 - 4 mm/h 
Sandy-alluvial 8 - 12 mm/h 6 - 8 mm/h 
Sandy 15 - 18 mm/h 10 - 12 mm/h 
Ve ry sandy 20 - 30 mm/h 15 - 20 mm/h 

TABLE 46 - Operating features of most common sprinkling equipment (after COMBRES; 1982). 

- homoge nou s irrigation 
- use s norm al pre ssure ( 3. 5 bars) 

Small mobile s prinkl e rs - use ful for limited periods of irriga tion 
12 ,<. 12 m or 18 x 18 m - Jabour inte nsive (7 days/ha and per month 
(photo 130) in the dry s e ason for 2 mm/week) 

- can be used for small a r e as 
- ve ry fragi le 

- homogene ity varies con s ide rably with type 
of e quipmen t and i s ge ne r a lly rathe r un sa-

Rain guns with a } ange of 
ti s fa c tory 

- can be used before p l a nting and on young 
40 - 50 m 

pla nts, but ri s k of s oil be ing thrown up 
into the heart 

- r e quire high wate r pressure 

- homoge nous irrigation 
- r e quire high pressure 

Rain guns on rolle rs - automate d ( work at night) 
- flat ground only 
- fl e xible pi pe fragile 

- hete roge nous irrigation 
Various types of giant - sprinklers difficult to adjust 
sprinkle r s ( pivot type ••• ) - mainte nance difficult 
(photo 131 ) - r e quire high pressure 

- can be used ori slightl y rugge d ground 

- very homoge nous irrigation 

Boom spray r e a l irrigator 
- use s plantation road ne twork 

(photo 132) 
- supply through fl e xible pipe 
- can be use d for treatme nts : 18 ha/24 h 

using 3 te ams of 3 me n (Hawaii, TEISSON) 
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The range of sprinkler equipment available on the market is 
big enough to enable the producer to choose the type of equipment 
best adapted to local conditions (Tables 45 and 46). Among the 
criteria that should be taken into consideration are: investment 
costs, area to be irrigated, topography, wind, labour, water pressure 
and type of soil. 

11.8.4.- DRIP IRRIGATION. 

Drip irrigation is suitable if: 
- the water deficit is high, 
- available water is limited, 
- the cost of water is high, 
- labour costs are high, 
- the plantation is highly mechanized. 

Drip irrigation requires high initial investment. There is one 
pipe per row of plants, i.e. approximately 8,000 m of pipe is 
needed to irrigate 55 to 60 000 plants/ha. The fact that drip ir
rigation moistens a bell-shaped mass of soil under the pozzle isr 
not particularly well-suited to the requirements of a plant with 
superficial roots, but this is not true when plastic mulch is also 
used, as is the case in Hawaii. 

Thus, several advantages can be combined and the resulting 
system is well-suited to pineapple requirements and produces 
excellent results. However, since it is expensive, its cost-effec
tiveness will depend on: 
- the regular inclusion of fertilizer and pesticide in the irrigation 

water to ensure the absence of limiting factors and to reduce 
the cost of mechanization. 

- the-production of two, or. even better three, successive harvests. 
This system also has drawbacks, as the water has to be fil

tered and the flow controlled dependh1g on the slope of the ground , 
ants nests, etc .. 

Bi-wall pipes are generally used. These are laid at the same 
time as the plastic mulch. In Hawaii the irrigation rate is constant 
at around 7 mm/week (TEISSON, 1970). 

Other localized syst~ms of irrigation (perforated pipes, micro
jets) are not suited for pineapple cultivation. 

Furrow irrigation can only be used for small areas. As long as 
water is supplied at frequent intervals, this technique can satisfac
torily maintain the soil water reserve near the root system. The 
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ridges must be high enough to ensure there is no danger of surplus 
water. But this system probably does not ensure the most efficient 
use of water. 

11.8.5.-WATER SUPPLY AND PRODUCTIVITY 

For a long time, the fact that pineapple was able to adapt to 
drought meant that it could be cultivated without irrigation. And 
in fact the effects of drought can to a certain extent be compen
sated for by agronomic techniques, as long as they are not too 
pronounced. 

Nevertheless continued studies of this crop have revealed the 
significance of the water supply. The principle limiting factors 
cannot be effectively controlled unless the plant benefits from 
the most productive type of metabolism. 

At the present time it is believed that control of all factors 
governing optimum plant water supply is one of the keys to increa
sing productivity. Nevertheless it is clear that progress depends 
on the use of advanced techniques, as limiting factors besides 
water can otherwise seriously compromise the benefits of irri
gation. 





11.9.- PLANT PROTECTION. 

In Part I of this book the section dealing with Ecology reviews 
relations between the plant and the biological environment (cf. 
1.4.2) including diseases and the pathogens responsible for them, 
damage caused by pests and the pests themselves, and also includes 
a short discussion of the problem of weeds. These basic facts are 
followed by a review of the different approaches that may be 
envisaged for their control. 

In this section on plant protection, the practical application of 
the approaches discussed in Part I are reviewed. The most com
monly used methods at the present time are described. For the 
most part these are chemical methods of control. Application 
techniques, quantities and directions for use are given for both 
the most commonly used products and also products presently 
under experimentation. 

It should be noted that the tables showing the main character
istics of each and a summary of all specific information will in
evitably rapidly outdate, as every year a large number of active 
molecules are discovered, which are effective against the different 
types of 'parasites' (taken in the widest sense of the term) that 
have to be controlled. 

All those concerned would be well advised to carefully update 
the information given in the tables by regularly referring to pro
gress reports in this field published by Research Stations. 

Since the second part of the book deals with the successive 
stages of pineapple cultivation in chronological order, it would not 
have beenn practical to wait until now to mention specific tech
niques for pest control that should be applied during preparation 
of the soil. 

At the head of each section, reference is made to the basic 
information given on each parasite in Part I of the book. 
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11.9.1.-CONTROL OF DISE,1SES ASSOCIATED 
WITH PHYTOPHTHORA SPP. 

Root rot, Heart rot, Top rot, Green fruit rot 

Basic information (cf. 1.4.2.1.1.1) 

Bio-ecological control aims to improve drainage (cf. 1.4.2.1.1.1) 
or lower the pH of the soil, and to avoid planting the types of 
shoot most susceptible to these diseases ( crowns and suckers that 
have been stored) during rainy periods (cf. 11.5 and 11.6). 

Where the specific aim is to prevent rot after flower induction 
arising from the use of a product that alkalizes the solution at 
the heart of the rosette, a different product should be used that 
does not cause alkalinization (cf. 11.10). 

All chemical treatment must be preventive. To this end, two 
different types of product are used, contact and systemic. 

MEHRLICH (1934) was the first person to show that dipping 
the shoots in bordeaux mixture ( 4%) before planting afforded a 
certain amount of protection. However, products based on copper 
are noticeably phytotoxic for pineapple and produce either an 
acute or chronic reaction (FROSSARD, 1967). The continued 
search for an effective product with no phytotoxic side effect 
resulted in the development of captafol, which is presently recom
mended in all pineapple-producing . countries (PEGG, 1969; 
KEETCH, 1977a; FROSSARD, 1967). Other contact fungicides 
can be used instead (captane, maneb, etc.), but since they are less 
effective, larger quantities are required. 

Among the systemic fungicides specific for Phytophthora spp., 
only phosethyl Al and metalaxyl have proved very effective in the 
case of pineapple (FROSSARD, 1978a, 1979; ALLEN, PEGG et 
al., 1980; SCHENK and ROHRBACH, 1982). The former is known 
for its long persistence (2 to 3 months), the latter has shorter per
sistence but is extremely effective even at a low concentration. 

Table 4 7 gives main characterictics, application rates and per
sistence (which depends, among other factors, on whether appli
cation is repeated) and directions for use of the most commonly 
used products today. 

To effectively control root rot caused by P. cinnamomi, overall 
spray is recommended at planting, with follow-up sprays during the 
most rainy periods. 



TABLE 47 . Main Cunficides presently u.sed or under experimentation for the control of Phytophthora sp. 
Main characteriltics · Rates and methods of application. 

Usual name I Group I Sol ubility in water at 25°C 
Toxicity DL 50 
to rats (p.o.) 

insoluble ( 1.4 ppm) 
5 000 to 6 200 

Captafol I Phthali mide I unstable in alkaline 
medium 

mg/kg 

insoluble (0 . 5 ppm) . Caplan unstable in a lkaline 9 000 . 
~ medi um 
·s, 

z Maneb Dithiocarbamate 
partly soluble - unstable I 

in acid medium 
6 750 

u . 
6 Zineb insoluble ( 10 µp m ) )> 5 200 
u 

Mancozeb 
insoluble - unstable in 

8 000 
a lk a li ne medium 

Coppe r oxychl oride Imorganic copper 

u ,, I ·e ~ Phosethyl Al Ethyl phosphonate 1 200 ppm 6 340 

~·~I 3 500 ~ c: Metalaxyl Acyla Janine 7 100 ppm 
= ·" 

Rate o.f application (in case of 

I 
Pers is tance of 

apphcat1on on the row only) f .. d ff 
kg/ha o f a .i. ung1c1 ee ect 

I About 3 to 4 6 
weeks 

I 12 

I 12 

I 10 

12 

10-12 (high risk of 
phytotoxicity) 

5 to 6 I ~ 8 weeks 

0,5 to 1 I ! 3-4 weeks 

Method o f application 
(quantity of liquid used/ha) 

On planting material 

. Shoot s dipped in mixture preparation 

. Application manuall y to each individual plant 
JUSt after planting : 500 to 1 000 I/ha of spray mixture 

. Application to the row only just after planting : 
2 000 to 3 000 I/ha 

. Appli cation broadcast over the en tire surface just 
after p lanting : 4 000 to 6 000 I/ha 

This type of application requires double quanti t y of 
a .i .• /ha 

During the cou r se of vegetation 

. Depending on method o f application : 500 to 6 000 I/ha 

..., 
I:" 
> z 
~ ..., 
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~ 
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c,:, 
01 
-.J 



358 CULTIVATION 

In the case of heart rot caused by P. nicotianae var. parasitica, 
treatment can generally be limited to planting and flower induction, 
if rot starts at this stage of vegetation. 

Treatment of shoots. 

Dipping shoots is very labour-intensive and requires large quan
tities of liquid (5 to 6 000 1/ha, depending on the density and the 
type of shoot) unless mechanized equipment is used. Consequently 
dipping is tending to be replaced by spraying immediately after 
the shoots have been planted. Even when small knapsack sprayers 
are used, this technique is much less labour- intensive and uses 
a much smaller quantity of the product concerced (500 to 1 000 
litres of liquid/ha). 

The first time this treatment is carried out it must be carefully 
localized on the plant as the total leaf area that intercepts the 
solution is not large at this stage of plant development. If a high
volume sprayer with lateral booms that cover the whole plot 
is used, a large properties of the product will be wasted. And 
double the quantity of product is required to obtain results compa
rable with those obtained with localized application. 

Granulated formulas, which are applied either before or shortly 
after the shoots are planted, are less effective and rarely used. 

Treatment during the course of vegetation. 

Depending on the type of protection required, the rainfall, 
and of course the persistence of the product concerned, follow-up 
applications will be required. 

If protection is required during the rainy season after flower 
induction treatment with calcium carbide, a week should be left 
before treatment, as fungicides decompose in a highly alkaline 
medium. Treatment should only be carried out when the water in 
the heart of the rosette of leaves reaches a pH compatible with the 
product selected (cf. Flower induction, II.10.1 and II.10.2). 

Control of root rot caused by Pythium spp. 

The only reference to chemical control, lists DD at a rate of 
more than 600 I/ha (ANDERSON, 1966). 
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11.9.2.- CONTROL OF DISEASES CAUSED 
BY CERATOCYSTIS PARADOXA (THIELA VIOPSIS) 

Black rot of shoots (Butt rot, Base rot) or of the fruit 
(Black rot, Water blister) 

Basic information (cf. I.4.2.1.2.1). 

359 

Ceratocystis paradoxa (Thielaviopsis) is a fungus that enters 
through wounds and can cause infection of all parts of the plant, 
although shoots and fruits are most exposed due to the wound 
caused when they are separated from the mother plant. Aside from 
wounds all kinds of bruises can provide access for this pathogen. 

In order to avoid infection, shoots should be handled as careful
ly as possible and, most important of all, should not be stored in a 
pile during wet weather. Healing of the wound caused when they 
are detached from the mother plant is facilitated by simply ex
posing the base to the sun (cf. II.6.3). 

The flesh of the fruit is more fragile and provides a favourable 
environment for the pathogen. It is thus extremely important to 
avoid bruising, and fruits must also be stored in conditions that 
are unfavourable for the development of the fungus. 

Chemical control has become extremely effective with the arri
val on the market of a whole range of systemic products. Chemical 
treatment is often indispensable for fresh fruits for export. 

Protection of the shoots is provided by dipping them in a solu
tion based on captafol (1% concentration) and this treatment 
is also effective against Phytophthora spp, or alternatively using a 
systemic fungicide such as thiabendazole, carbendazime or l eno
myl, although these are only specific for Thievaliopsis. However,the 
last-mentioned product is said to have a depressive effect on plant 
growth (CHO et al., 1977). More recent products studied on fruits 
include imazalil, triadimephon and CGA 64250. The could prove use
ful when shoots are being transported in bulk over long distances. 

To protect the fruit in an environment that favours the devel
opment of the disease, the cut end of the fruit stem must be disin
fected. 

From 1930 on, DICKSON et al. , (1931) developed a method of 
disinfection using benzoic acid; during the 1960s shirlan took its 
place, and later this in turn was replaced by systemics of the benzi
midazole, imidazole and triazole groups. 

A sponge is placed in a receptacle containing the disinfectant. 
When it has soaked up the liquid, the fruit is held by the crown 
and the cut end of the peduncle is pressed into the sponge. 
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This method of treatment obviously affords no protection 
against infection via bruising on the sides of the fruit. If this is 
required, the whole fruit must be dipped in fungicide, or passed 
through a fungicide fog. tunnel (mean consumption ± 50 1/t). 
Only triadimefon and imazalil have proved effective for the latter 
treatment under conditions in the Ivory Coast (FROSSARD, 
1970 - 1978a), whereas benomyl and thiabendazole have been 
found to be effective in Hawaii. Table 48 gives the main character
istics, rates and directions for use for the most widely used prod
ucts at the present time. However, it should be noted that each 
country has specific regulations concerning the use of these prod
ucts. 

Waxes that are used to slow down gas exchange usually also 
contain a fungicide. 

Some experimenters believe that treatment with partially 
systemic products before harvesting affords a certain amount of 
protection and is consequently worth considering. However, since 
some of the product will inevitably be lost no matter what method 
of application is used , the cost of this treatment will probably 
inevitably be extremely high. 

The packing house and storage areas must be regularly disin
fected with a solution of formol at a concentration of 3%, pref
erably using a pneumatic applicator, or alternatively quarternary 
ammonium. 

II.9.3.- CONTROL OF FUSARIOSIS DISEASE CAUSED 
BY FUSARJUM MONILIFORME SUBGLUTINANS 

(presently limited to Brazil) 

Basic information (cf. I.4.2.1.2.2). 

Until such time as a high-yield CV has been developed that is 
resistant to this disease, the only option is control of the parasites, 
particularly lepidoptera, that help disseminate spores when visi
ting the flowers and facilitate access to the fruit by the fungus 
via the wounds inflicted by their larvae; and also Acephate sp. 
(CHALFOUN, S.M. and CUNHA, G.A.P. da, 1984). 

Good results can be obtained with several applications of 
carbaryl from flower induction until the end of flowering. With 
this method the percentage of fruits affected has been reduced 
from 30 % to 1 to 2 %. 

Direct chemical control with contact fungicides such as capta
fol or thiabendazole (BOLKAN, DIANESE and CUPERTINO, 



TABLE 48 - Main fungicides presently used for the control of Ceratocystis paradoxa (Thielauiopsis) on shoot and fruit - Main characteristics. 
Rates and methods of application. 
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Usual Name Group 
Solubility in water 

at 25° C 

Benzoic acid insoluble 

Captafol Phtha limide 

Shirlan (WS) (2) Sa!icyl anilide sol uble 

Benomyl Benzimidazole 3.8 ppm 

Carbendazime " 5 . 8 ppm 

Thiabendazole " 15 to 50 ppm 

Imazalil lmidazole 300 ppm 

Triadimefon Triazole 260 ppm 

Propiconazole " 110 ppm 

(!) According to recommendation by FROSSARD, 1978. 

( 2) Production ended i n 1979 . 

Toxic ity LO 50 for Methods and rates of appli cation (in% of a .i. of the mixture ) 
rats(p. o.) mg/kg On shoot On fruit 

- On peduncle section 
2 % in a l cool 

. 25 % in inert powder (talc) 

- 1 % in water ( a lso effec-
tive for Phytophthora) 

- On peduncle section 
low 

. 1 % in water 

- On peduncle section (Ivory Coast) 
> 10 000 mg/kg - Or on whole fruit (Hawai') 

- 0.15to0.30% in water(l) . 0 . 15 to 0.30 % in water (1) 

- On peduncle section or whole fruit > 15 000 mg/kg 
. 0.10 % in water 

- On peduncle section ( Ivory Coast) 
3 330 mg/kg - On whole fruit (Hawai') 

- 0.15to0.30% inwate r(l) • 015 to 0.30 % in water ( 1) 

- On pedun cle section (Ivory Coast) 

320 mg/kg 
- 0.01 % i n water (1) . 0, 01 % in water ( 1) 

- On whole fruit (Ivory Coast) 
. 0. 02 % in water ( 1) 

- On peduncle section (Ivory Coast ) 
- 0 .005 % in water ( I ) . 0 . 005 % in water ( I ) 

568 mg/kg 
- On whole fruit (Ivory Coast) 

. 0 . 010 % in wate r(!) 

I 517 mg/kg Under experimentation 
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1978) only produced positive results when treatment was carried 
out regularly between flower induction and harvest, and the re
sults obtained were less satisfactory than with control of the pa
rasite concerned. Obviously the best results are obtained by com
bining fungicide and insecticide treatments (CHALFOUN, S.M. 
and CUNHA, G.A.P. da, 1984) (Table 53). 

MAFFIA (1980) found the disease could be satisfactorily 
controlled in shoots by combining thermal treatment with the use 
of benomyl. The best results were obtained by dipping the shoots 
in a benomyl mixture (50 g/1) for 90 minutes at a temperature of 
90°C However since this method is extremely tedious and also 
results in the death of quite a large proportion of the shoots, it 
is doubtful whether it will be applied in practice. 

Preventing the flowers from opening with an application of 
ethephon produced positive results at a concentration of from 
0.2 to 0.7 % a.i. , (CUNHA, da R. , 1980), but the author noted a 
decrease in the volume of juice and in the number of shoots pro
duced. 

11.9.4.- CONTROL OF FRUIT DISEASES CAUSED 
BY PENICILLIUM SP. AND FUSARIUM SP. 

Fruitlet core rot, Eye rot, Black spot, Leathery pocket, 
Interfruitlet corking. 

Basic information (cf. I.4.2 .1.3.1). 

As a result of studies carried out in South Africa, Hawaii and 
the Ivory Coast, it is now frequently recommended to focus on 
control of the insects that convey the pathogen and also facilitate 
its entry into the fruit, in particular mites, that are found in large 
numbers in the blossum cup. ROHRBACH et al., (1981, 1983, 
1984) particularly recommend treatment just before flower in
duction, with follow-up applications over a period of at least 
4 - 5 weeks. Treatments with miticides or insecticides such as 
organophosphorus insecticides in the case of other species of 
parasites have been shown to be extremely effective. Oxamyl 
also produces satisfactory results . Fungicides on their own (e.g. 
benomyl) usually only produce less satisfactory results than mi
ticides or insecticides, but improve results when added to the 
two latter. A more detailed knowledge of the incidence of the para
sites and of the climatic factors that influence the development 
of the disease should result in a reduction in the number of treat
ments required, and consequently in the cost of controlling the 
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disease (treatment would then only be carried out on warning 
signs). Improving plant mineral and water nutrition can help limit 
the impact of the disease, as does the application of growth regula
tors that increase fruit acidity (mepiquat chloride). Finally there 
is the option of planning production in the periods when this 
type of disease that affects the fruit flesh only occurs infrequently. 

11.9.5.- CONTROL OF DISEASE CAUSED BY BACTERIA 
AND YEASTS 

Pink disease, Fruit collapse, Bacterial heart rot, Marbling disease, 
Yeasty fermentation 

Basic information (cf. 1.4.2.1.3.2) 

The incidence of all these diseases varies considerably and is 
highest at the beginning of a rainy season after a long dry season. 
In some cases, particularly when damage is due to yeasts, it is 
consequently possible to limit damage by ensuring the supply of 
water is regular. 

Unless economic objectives require the contrary, it is always 
possible to schedule production to avoid the most critical periods. 

No specific chemical method of control can be recommended 
at the present time, although the impact of some of the diseases 
listed above can once again be limited by control of the vectors 
concerned. 

11.9.6.- CONTROL OF YELLOW SPOT DISEASE. 

Preventive measures, i.e. satisfactory weed control and avoid
ing cover crops that are hosts to this particular virus, are gener
ally sufficient to prevent this disease from occurring. For basic 
information, refer to 1.4.2.2 .2. 

11.9.7.- CONTROL OF WILT DISEASE CAUSED 
BY DYSMJCOCCUS BREVIPES 

Basic information (cf. 1.4.2.2.2) 

The most commonly used method of controlling this disease at 
the present time is a combination of bio-ecological measures and 
chemical treatment. The aim of all treatment is to maintain the 
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population of mealy bugs as low as possible in order to prevent 
the disease becoming active. All measures should be preventive, 
since there is a delay between the attack by mealy bugs and the 
appearance of the first symptoms. The length of the delay depends 
on the age of the plantation. 

The control of mealy bugs starts with preparation of the soil 
(the aim is to destroy all residues from the previous crop that 
enable the bugs to survive ( cf. II.5 ). Control continues with prep
aration of the planting material, which must be disinfected in 
order to prevent new attacks (cf. II.6.3). Control must continue 
throughout the whole cycle in the form of direct control. Simul
taneously, there should be control of ant populations, whenever 
these are encountered in large numbers, from preparation of the 
soil onwards. Ants are responsible for protecting and disseminating 
mealy bugs. 

Direct control of mealy bugs. 

Three types of products are used for the control of mealy 
bugs: 
- toxic gas (methyl bromide is the most commonly used gas). This 

is mainly used to treat imported planting material (WOLFEN
BARGER and SPENCER, 1951; OSBURN, 1946); 

- organophosphorus compounds, which work on contact and partly 
through inhalation and have very short persistance. There is a 
whole range of these products on the market, the most effec
tive also being the most dangerous. Since the patents have 
expired for the majority, they are relatively inexpensive; 

- organophosphorus compounds with partly systemic effect. These 
consequently have longer persistence than the former. 
Other products are available that are said to be nematocides. 

and there are also insecticides that are applied to the soil. Both 
types have been shown in recent studies to have a certain effect 
on mealy bugs. 

Table 49 gives the main characteristics of the most commonly 
used products in the different categories, together with some 
information on the quantities recommended for use. 

In the case of organophosphorus compounds acting mainly by 
contact, large quantities of liquid are needed per hectare to ensure 
the solution penetrates between the leaves right to their bases, as 
this is where the mealy bugs are located. 
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Disinfection of planting material. 

The simplest method is to dip the shoots vertically (photo 121) 
into an organophosphorus preparation and then to store them in 
a vertical position for approximately 12 hours before planting 
(this is the time required for the product to penetrate right to 
the bases of the leaves). The efficiency of this treatment can be 
increased by removing the partly dried out leaflets at the base of 
the shoot before disinfection, as these frequently conceal colonies 
of mealy bugs . Approximately 4 000 1 of liquid per hectare is 
needed for effective disinfection if suckers are being used as plant
ing material. 

Efforts have been made to mechanize this operation, especially 
in the case of crowns, which are passed through specially equipped 
tanks. However, it is now becoming more and more common to 
treat the shoots while they are still growing on the mother plant. 
In this case, additional handling is unnecessary . 

Treatment during the course of vegetation. 

For effective treatment, 2 000 to 6 000 1 of liquid is required 
per hectare, depending on whether only the plants are treated 
or an overall spray is used, and also on the exact stage of plant 
development. Only relatively small quantities are required when 
the plants are young and treatment is limited to the row, or better 
still, when each plant is treated individually. At least 5 000 1 is 
required for the treatment of adult plants, especially in the case 
of overall spray (photos 138 and 141) . 

Follow-up treatments are required throughout the cycle (pref
erably with an increase in the quantity of liquid/ha with an in
crease in the age of the plant). The exact frequency of treatment 
will depend on the evolution of the populations of mealy bugs. 

In regions with noticeably seasonal differences there is usually 
a marked increase in mealy bug populations in the «in-between» 
seasons, and treatments should be concentrated in these periods 
and can be less frequent in very wet and very dry periods, which 
do not favour the development of mealy bugs. 

In regions with clear seasonal differences there is usually a 
marked increase in mealy bug populations in the 'in-between' 
frequency depends on the length of the mealy bug cycle; intervals 
between treatments generally range from 3 weeks to 2 months. 

To reduce the cost of treatment, applications should be com
bined with that of fertilizer. Most products on the market can be 
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Usual Name 

For desinfection of imported 
shoots 

- methyl brom ide 

For desinfection of shoots 
and plants during the course 
of vegetation 

- parathi on ethyl 

- parathion methyl 

- diazinon 

- fe nthion 

- malathion 

- phoxim 

- acephate 

- fenitrothion 

- formothion 

- v adimothion 

- di methoate 
- o me thoate 
- phorate 

- disulfoton 

- Ne maticides and soil in
secticides al so e ffective 
against the mealybug : car 
bofuran, oxymyl , a ldi carb 
thiofanox, te r bufos, i so
fenphos 

Group 

0 rganohalide 

Organophosphorus 

Solubility in water 
at 25 ° C 

13 400 ppm 

24 ppm 

55 to 66 ppm 

40 ppm 

54 to 56 ppm 

145 ppm 

7 ppm 

No soluble 

2 600 ppm 

154 ppm 

25 000 ppm 

50ppm 

25 ppm 

Toxicity LD 50 for 
rats (p.o.) 

13 mg/kg 

14 mg/kg 

150 to 600 mg/kg 

190 to 315 mg/kg 

2 800 mg/kg 

2 170 mg/kg 

945 mg/kg 

250 to 500 mg/kg 

36 5 t o 500 mg/kg 

630 mg/kg 

320 to 380 mg/kg 
50 mg/kg 

3.7 mg/kg 

12. 5 mg/kg 

Pe rsistance 

no 

Short time 

Rates of application - Quantity of a . i. /ha or /plant 
or /'lo fo liquid ( 1) 

3 . 2 kg per 100 m3 for 2 hours 

Normal conce ntration of mixture (2 500 to 
5 000 I/ha - 4 to 12 applications/cycle) 

0 . 02 to0 . 03 ')6 

0.03 t o 0 . 04 ')6 

0 .03 to 0.04 ')6 

0.03 to 0 . 06 ')6 

0 . 10 to 0 .25 ')6 

0 . 09 ')6 

Normal concentration of mixture (usually less 
than 2 500 I/ha - Number of applications/cycle 
variable depending on persistance) 

About 10 days I 0.03 to 0 . 06 % 

About 15days 

About 1 month 

About 15 days 

2 to 4 months 

0.03to0.04 % 

0.03 % 

o.o5 ')6 
0 . 06 ')6 
0.02 % 

Granules (0,025 to 0,050 g/plant - number of 
applications 3 to 6) 

Under experimentation 

( 1 ) VILARDEBO, 1955 PY and TISSEAU, 1965; CHAN, 1965 (a) CHAN, 1965 (b) LEE, 1965 PINON , 1980 RA! and SINHA, 1980 . 

c,:, 
0) 
0) 

(') 

C: 
~ 
< > 
~ 

~ 
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combined with fertilizers that do not contain calcium. It should 
be noted that some authors have reported satisfactory results with 
products in powder form (CHAN, E.C., 1965). When powder forms 
are used, there must be a strong enough current of air to ensure 
the product penetrates deeply between the leaves. 

Chapter II.12 lists different types of equipment currently used 
for applications requiring large quantities of liquid. 

Water is not required for the application of products with 
partly systemic effect, such as disulfoton, which are usually sold in 
granulated form, and this considerably reduces the cost of applica
tion. However, like all systemic products, these are only effective 
during active plant growth, and, in addition, they only break down 
satisfactorily in a moist environment, so that their application is 
limited to a certain extent. This type of product is placed in the 
axils of the leaves and on the soil at the base of the plant. Here it 
remains present at a high enough concentration to be toxic for 
mealy bugs found among the roots and at the base of the old leaves 
(CARTER and GORTNER, 1958; GORTNER, 1962b), exactly 
where the mealy bugs have a tendency to be located. An applica
tion of 0.025 g/plant has a persistence of approximately 3 months 
(GUEROUT, BARBIER, GICQUIAUX and VILARDEBO, 1968), 
thus a total of 2 to 6 applications will be needed per cycle de
pending on the length of the cycle, on climatic conditions in the 
region concerned, and on whether this type of product is the 
only one being used for the control of mealy bugs. It should be 
noted 

0

that in some countries this type of product produces sat
isfactory results when combined with contact organophosphorus 
products. 

Other products, including nematocides and/ or insecticides 
applied to -the soil, have also been shown to have marked systemic 
effects on mealy bugs, and are now undergoing experimental 
trials (MENEZE, SUZUCHI, BATISTA and ISMAEL, 1977; MAS
SES, 1978). Four men/day/ha are generally required for this 
type of application. 

When granulated insecticides are used in pineapple cultivation 
an easy method of application is to use a plastic bottle with a 
hole cut in the lid, just the right size so that the correct quantity 
of the product comes out with one shake. 

Mechanization of this operation is under study using lateral 
projection of the product from equipment passing between the 
rows. The big danger with this method is that some of the product 
can land in the heart of the plant, where it can cause serious burns. 
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Control of ants. 

Products used for the control of mealy bugs are also effective 
for ants. However, since all contact insecticides have limited persis
tence and ants move around a lot but use fixed routes, products 
with longer persistence are often needed and organochlorine com
pounds (cf. table 50) are used. These are incorporated into the 
soil during soil preparation ( cf. II.5 ). Treatment of the edges of the 
plot is particularly recommended, as it forms an effective barrier 
against ants crossing from one plot to another. The most satisfac
tory product includes a substance that attracts the ants, which they 
then transport to their nest where it causes progressive destruc
tion of the colony. 

These attractive substances are highly specific , according to 
RAI and SINHA (1980), powdered, skimmed milk mixed with 
wheat flour proved extremely attractive to Solenopsis sp. , whereas 
ground wheat proved more attractive to Araucomyrmex sp. 

If this type of product is to be used, it is recommended to use 
slow-acting rather than quick-acting products, as this allows more 
time for the active ingredient to be removed to the nest. 

Generally speaking, it is best to place the products close to 
the nests, which are easily located in newly tilled soil. This should 
be done immediately after soil preparation. But the treatment 
must be repeated as necessary during the course of vegetation. 

TABLE 50 . Main chemicals presently used or under experimentation fo r ant control · Main characteristics Rates of application. 

Rates o f appli cati on - Quanti ty of a. i ./ha 
Sol ubility To xi ci t y LO 50 for normall y r ecommended per application 

Usual Name G r oup in water ra t s (p . o . ) 
( number o f appli cat ions per cycle 1 to 4) 

a t 25° C ( l ) 

0 . 0 .T . O r ganochlorine i nsol uble 11 3 mg/kg 3 to 5 kg/ha 

Aldrin " 0 . 027 ppm 67 mg/kg 3 lo 5 kg/ha 

Die ldr in " O. 186 ppm 46 mg/kg 2 to 4 kg/ha 

Endr i n " i nsol uble 7 . 5 to 17 . 5 mg/kg I to 3 kg/ha 

Heptachl or " 0 . 056 ppm JOO mg/kg 2 t o 4 kg/ha 

Chlordane " insol uble 457 to 590 m g/kg 2 to 4 kg/ha 

Camphechl or 
Organoha l ide 3 ppm 90 mg/kg 2 to 4 kg/ha 

(Toxaphene) 

Perchlo r decone O rganochlor ine in sol uble 306 mg/kg Depending on the density o f t he 
p~pul a tion a nd met hod o f application 

- JO to 30 g/ha 

( ! } PYand TISSEAU, 1965 ; RA l andS!NHA, 1980 ; PINON, 1980 
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11.9.8.- CONTROL OF NEMATODES 

Basic information (cf. 1.4.2.3.1.1) 
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If possible, control of nematodes should start with soil prep
aration, especially in the case of bio-ecological control aimed at 
keeping the level of innoculum in the soil as low as possible. This is 
achieved by rotating pineapple with other crops that are bad hosts 
for pineapple nematodes (cf. 1.4.2.3.1.1). Still better results are 
generally obtained by using chemical products, and particularly 
fumigants, just before or immediately after the shoots are planted. 

However, this does not provide satisfactory protection for the 
roots, which require treatment during the course of vegetation. 
Systemic products have proved to be the most effective, and appli
cation shortly after planting has for all practical purposes the same 
effect as soil treatment against inoculum before planting. 

Some knowledge of the products available is necessary in order 
to be in a position to choose the best method of treatment in each 
particular case. 

11.9.8.1.- Main general characteristics, mode of action and directions 
for use of main products presently available on the market. 

A distinction is usually made between two main groups of 
nematocides : 
- contact nematocides including fumigants (organo-halides) and 

thiocyanates; 
- systemic nematocides (which also have a partly contact effect) 

including organophosphorus compounds and carbamates. 

FUMIGANTS. 

How they work - directions for use. 

The main characteristic of fumigants is high vapour pressure. 
This provides a varying degree of volability, the exact degree de
pending on the product concerned, and allows the product to be 
diffused outwards throughout the soil from the point where it is 
introduced. A balance is thus established that is required for the 
solubilisation of gas molecules in the film of water in which the 
nematodes develop. 

Destruction is only complete if contact is prolonged, and 
complete cleansing of the soil can only be achieved if the prod-
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uct diffuses throughout the whole layer of soil explored by the 
roots. This means: 
- the soil must be thoroughly broken up before treatment, leaving 

as few clods as possible ( these are particularly likely in clayey 
soil), as otherwise individual nematodes can escape inside the 
clods; 

- the level of moisture in the soil must not be too high. 
Since these products can be irreversibly adsorbed on all types of 

organic matter - which incidentally is largely responsible for their 
breakdown (CUANY and RITTER, 1979) - it is extremely impor
tant that all residues from the previous crop be well decomposed. 

The speed with which the product volatilizes (speed and extent 
of diffusion) increases with a rise in soil temperature. If the temper
ature of the soil is too low, the fumigant remains in the immediate 
vicinity of the point of insertion (PEACHY, 1965; PEACHY and 
CHAPMAN, 1966), which can cause localized phytotoxicity. On 
the other hand, if the temperature is too high, volatilization can 
take place too rapidly, with a loss of the product into the atmos
phere. Soil temperature is thus one of the most important criteria 
in the choice of a particular product. 

Dichloropropane-dichloropropene (DD) remains in the imme
diate vicinity of the point of insertion at a temperature of·7°C,with 
optimum diffusion at 18 to 20°C. Dibromochloropropane (DBCP) 
remains in the immediate vicinity of the point of insertion at 16°C, 
and still diffuses satisfactorily at a soil temperature of 25°C. Be
tween these two extremes is ethylene dibromide (EDB), whose 
vapour tension lies in the middle (KEETCH, 1975). 

It is generally recommended to wait (8 to 15 days) before 
planting, the exact period depending on how long it takes the 
product to diffuse chroughout the soil. However, DBCP is often 
used immediately before or shortly after planting, and has been 
noted to have a certain depressive effect on the emergence of the 
first flush of roots (TEISSON, 1979f). In order to avoid this, some 
authors recommend a deeper point of insertion than for other 
products. 

Directions for use - Mechanized application. 

Pinpoint application of fumigants can be carried out using hand 
injectors, or mechanical equipment using either the pinpoint 
technique or continuous application. Although some authors 
recommend treating the whole area, it is often preferable to limit 
treatment to the row of planra, irrespective of the method of appli
cation. 



PLANT PROTECTION 371 

When pinpoint application is used, the most satisfactory tech
nique is a high proportion of injection points with a proportionally 
lower quantity of product per injection. This means the product 
injected at each point will overlap more easily with that of neigh
bouring injection and the whole area is treated more effectively. 
Approximately 14 to 17 men/day/ha are needed for one injection 
between each plant shortly after planting, depending on the exact 
planting density . 

When continuous application is used the number of nozzles 
must be the same as the number of lines of pineapple plants in each 
row. The most satisfactory technique is to use the same equipment 
used to make the bed. It is important to check that the flow rate 
depends on the speed of the tractor and not on the level of pro
duct in the tank. 

20 to 25 cm is the usual depth recommended, although in 
Hawaii DBCP is generally injected at a depth of at least 40 cm. 

It is advisable to fill in the hole made by the hand injector, 
or to compact the soil after mechanical application, otherwise 
some of the gas will be lost into the atmosphere. During the dry 
season, irrigation is advisable. When plastic mulch is being used, 
loss into the atmosphere is minimal and the treatment is conse
quently more effective. 

Equipment used on highly mechanized plantations in Hawaii 
applies two different products (DD and DBCP) at different depths, 
together with a basal insecticide, and simultaneously makes the 
ridge and lays the plastic mulch. It sometimes even plants the 
crowns, w.hich are pushed through holes in the plastic film (cf. 
11.6.5 ). 

If treatment is required during the course of vegetation, only 
DBCP should be used, as other products imply a high risk of phyto
toxicity. Pinpoint applications are carried out with hand injectors 
which penetrate to a depth of 20 to 30 cm between the lines 
of one row, or better still, between each plant in each line. Before 
systemic products came into widespread use, some plantations 
in Hawaii used equipment that injected liquid at high pressure 
under the plastic mulch. Some plantations also tried, with varying 
degrees of success, spraying DBCP over the whole crop, using 
large quantities of water ( ± 10-12 000 1/ha) to avoid burning. 

Table 51 gives the characteristics of the products most com
monly used in pineapple cultivation. It also gives a selection of 
typical directions for use and rates for different countries. Prac
tical advice on the use of application equipment may be found 
in 'La culture d'ananas d 'exportation en Cote d'Ivoire. Manuel 
du Planteur ' (Nouvelles Editions Africaines, Anonyme, 1982). 



372 CULTIVATION 

There is an increasing tendency to replace the injection of fumi
gants by treatment with systemic products, which are much sim
pler to use. 

SYSTEMIC PRODUCTS. 

How they work- directions for use. 

These products are characterised by extremely low vapour 
pressure . They have some effect on nematodes present in the soil 
but act systemically primarily on those that have already penetrat
ed the roots. There are considerable variations in the way dif
ferent products act both in the soil and in the plant . 

Exactly how they work is still not well understood. They are 
said to afford protection through their nematostatic effect (in
hibition of cholinesterases) rather than through direct nematocide 
action (BERGE and CUANY, 1978; BERGE, CUANY and BRIDE, 
1980; BUNT, 1975; JAMET and PIEDALLU, 1980). 

As long as their inhibiting effect persists there will be no pen
etration by new parasites and the further development of popu
lations already in the root system is stopped. However, the nem
atodes are not necessarily destroyed, and inhibition of develop
ment can be reversible if the effect of the product is not sustained 
over a long enough period (BUNT, 1975). The most sensitive stage 
is said to be when the larvae are young. 

Thus to achieve perfect control of parasitic nematodes, the 
plant must be kept in a state of 'non-recep:tivity' throughout 
its cycle by means of carefully spaced treatments (SARAH, 1980 
a). 

Optimum benefit is obtained through treatments just at the 
beginning of periods that are most favourable to the proliferation 
of nematodes in the soil ahd consequently to root infestation, 
i.e. in the in-between seasons, when conditions are both hot and 
wet, corresponding to a period of intense physiological activity 
in the plant. These conditions are necessary for satisfactory absorb
tion, translocation and utilization of the product by the plant. 
Application of products with long persistence stops or slows down 
the development of existing populations in the roots (SARAH, 
1980 a). 

This method of treatment has proved particularly successful 
in the Ivory Coast for the control of Pratylenchus brachyurus. 
There it replaces treatment at regular intervals or split applica
tions at frequent intervals successfully used for the control of 
other species under other climatic conditions, e.g. in South Africa 
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or Hawaii. In Hawaii, the drip irrigation network is used to dis
tribute the nematocide. 

Protecting shoots by dipping in a preparation containing sys
temic products has been tested with success in South Africa (MIL
NE, DE VILLIERS, 1977 ; KEETCH, WEBSTER, 1977; KEETCH 
and PURDON, 1979; ANONYMOUS, 1979). Soaking the shoots 
for 10 minutes in a preparation based on phenamiphos at a concen
tration of 600 ppm is recommended, but since the practical ap
plication of this method is problematic , it probably does not 
have a great future. 

After injection into the soil, the active ingredient is absorbed 
by the root hairs and transported and distributed by the symplas
tic pathway used by sap. However, the fate of the product in 
the soil varies considerably depending on solubility and stability 
with respect to the pH of the soil. Some may be fixed by organic 
matter, although fixing is not necessarily irreversible. Breakdown 
can be rapid but the resulting metabolite can retain a marked 
nematocide effect. This is the case in particular with aldicarbe and 
phenamiphos (JAMET and PIEDALLU, 1980). When the product 
is applied to the leaves it can be absorbed by the adventitious roots 
at the base of the oldest leaves, but other means of penetration are 
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Figure 70 • Evolution of populations of nematodes after treatment 
in comparison with existing populations when treatment was car
ried out. 
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also possible, for example the undersides of the leaves. Due to its 
systemic effect, the roots can also benefit, although to what degree 
will vary. Figure 70, after SARAH (1980a), is a synthesis of four 
experiments and shows variations in curative effects obtained 
with respect to Pratylenchus brachyurus with three different syste
mic nematocides using the same quantity of active ingredients per 
plant (0.3 g of a.i./plant). It gives the level of infestation of the 
roots on the day of application and after 50 days with isazophos, 
and 130 days with phenamiphos. With furadan, the level of in
festation 150 days after application is lower than on the day treat
ment is carried out. 

Effect on the plant. 

These products provide satisfactory protection against nema
todes and make the plant healthier when infestation has already 
taken place. The result is a marked improvement in absorption of 
nutritive elements (with very few exceptions) and consequently 
more active growth . However, they can also cause serious distur
bances in plant metabolism due to their systemic effect. Generally 
speaking, when the compounds are in liquid form they produce 
the most spectacular effect. They can also cause burning of the 
young leaves in the heart of the rosette. 

Some products have a depressive effect on vegetative growth 
due to a disturbance in mineral nutrition (isazophos) (SARAH, 
1981a). Others can disturb differentiation of the inflorescence. 
For this reason there is a minimum period between application 
and flower induction that must be respected ( carbofuran, phena
miphos) (SARAH, 1981b). Still others can have a depressive 
effect on the development of the fruit and on the emergence of 
shoots after the fruit has been harvested ( carbofuran) (SARAH, 
1982 a; SARAH, 1982 b). 

The fact that the root system was cleansed each time the prod
uct was successfully injected still does not explain the very marked 
increase in the absorption of certain elements, most particularly 
phosphorus. Different hypotheses have been put forward to ex
plain this phenomenon, e.g. removal of the depressive effect that 
might have been due to toxins secreted by the nematodes (LA
COEUILHE and GUEROUT, 1976) or an increase in enzymatic 
activity associated with plant growth (MILNE, 1977). 
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11.9.8.2.- Chemical control. 

Table 51 summarizes the main characteristics of the most 
commonly used products and gives rates and directions for use for 
some of these products. 

Despite the many variations in methods used for control ( due 
to the large number of factors that may be involved) chemical 
control can be summed up as follows: 
- Treatment around planting with the aim of reducing the level of 
soil inoculum and protecting the firts flush of roots to emerge 
i.e. 
- to reduce the level of soil inoculum, fumigants are used shortly 
before planting, or in some cases (DBCP) immediately after plant
ing, using quantities given in table 51; 
- to protect the first flush of roots, systemic products in granulat
ed form are incorporated into the soil when the beds are being 
prepared, or better still, application is delayed until the first roots 
emerge so that the plant can absorb most of the products. If this is 
the case it is better to localize the application at the base of the 
young plants or in the axils of the leaves at the base of the stem. 
However, this method is only effective during rainy periods and also 
has the disadvantage of being highly labour-intensive. Spraying, 
which should be carried out during the dry season, is easier to 
mechanize, but has the disadvantage of spreading the product over 
too wide an area. 

In the case of phenamiphos, SARAH (1982c) has shown that a 
relatively late application (but not later than 3 months after plant
ing) can be very effective, even though early infestation may have 
taken place, because it has longer cleansing effect. However, if the 
application is delayed beyond the 3-month limit, it is impossible to 
compensate for damage already caused at the start of vegetation. 

Two products are particularly recommended at planting: 
phenamiphos and ethoprophos, at a rate of 0.075 to 0.150 g of 
a.i . per plant, depending on the product. As ethoprophos is ex
tremely phytotoxic it should only be used ingranulated form 
(photo 145). Studies of a third product are underway (isazophos). 

Treatment during the course of vegetation. 

Several different approaches are used. The first is to treat 
the plant at the beginning of periods of greatest activity (periods 
that are both hot and wet), which are favourable tc plant growth 
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TABLE 51 · M1io nem.aticides presently used in pin,1pple cultintion or under experiment.Ilion. Sample rates and methods of application. 

Usual name 

50 % Dichloropropane 
{C3H6Cl 2) 

50 % Dich1 oropropene 
{C 3H 4C12) 
(DD ) 

Group 

Organo
halides 

O-Onsity 

Liquid 
J. \7 to 1.22 

Solubility in wate r Vapour tension 

2. 75 9/1 a t 20° C 
35 . 0 mm Hg 

at 20°c 

Stability 

Stability sati s fa c tory, 
i n n am mable 

Toxicity LD 50 ( r atl To xi c ity LD 50 
(p . o . ) (mg/kg ) (rabbit)(p.c.) 

Mode of act io n 

140 2 100 Con tact 

I Di~~l;i::~~:rne 
] f-,-.,-y-ld-ib_co_n-1id-e----+-----+----+------+-----+--------+-------+------+-----+ 

~~~~~Br2 ) L!:~~d 3. 37 g/\ at 20 • C 7 ;t 2;:~ 1-lg ~ea~~~~~~~e, not in- 117 to 14 6 I rrit=~~~;~s and 

Dibromochlo r opropane 
(C3l·l5Br2C I ) 
(DBC P) 

Carbofu ran 

(C12H15N03) 

A\di carbe 
(C71-1 14 N202S) 

Oxamyl 
(C 7H 13N 20 3S) 

Phena miphos 
(C13H 2203 1-.: PS) 

Ethop r ophos 
(Csll 190iS2 P) 

lsflzophos 

lsofcnphos 

Carbamates 

Or9a110-
phosphorus 

Liquid 
2.1 · at 1S°C t . 23 g/1 at 20° C 
2.09 a t 2o•c 

1 - ~~~~.~- 20 0 . 7 g/1 nt 20• C 

J. !95at2 5"C 6 . 0 g/ 1 a t 25° C 

o . 97 to 0 . 98 
at 25"C 

I 094 

1.1 3 at 20~c 

280 9/l a t 25° C 

O. 7 g/1 at 25° C 

0.75 ()II 

0 .1 50 g/1 

0.023 g/1 

( 11 Quan tity based on amount required primarily for sy rnphylid control 

>t ,0 mm Hg Good if tempe rature 
at 2o•c i s above 6°C 

2 .10-5 mm Hg 
a t 33"C 

1.10-4 mm Hg 
a t 2s·c 

2 .310-4 mm Hg 
at 2s·c 

4 x 10-6 at 20"C 

Stable in neutra l or 
acid medium 

Stable 2 year s 

Good.except i n alkaline 
en vironment, he at and 
high lumi nosity 

Stable in acid environ
m en t a nd heat 

8 .2 to 14.1 
depending on author 

5 . 4 

8 to 10 
13,S to 19 

depending on author 

62 

28 to 38 

> IO 000 

140 

2 960 

7 3 10 84 

25 .9 

Ma i nl y 
syste mi c 

Sys temic 

Mainl y 
s ystemic 

Con1<1ct and 
system ic 

Con tact 
and s li ghtly 

sys temic 

Mainly 
systemic 

Conrnct inges
tion - partl y 

system ic 



Persi s ten ce of 
nem<1ticidal e ffect 

Several d,1ys 

About 3 months 

I t o 2 months 

About J mon ths 

Before pl anting 

250 I a .i. /ha 
350 I n .i . /hn 

350-550 I a . i./ha 

135 \ a .i. /ha 

JO 10 65 1 a .i. /ha 
40 to 70 1 a .i. /llil 

~o 10 152 kg a .i. /hH 

22 . s 1 11 . i./ha 
23 . 0 1 a .i./M 

9 to JO kg a .i. /ha 

9 to 10 kt;! a . i./ha o f 
About 3 months g ranul ar formu lation 

20 kg a.L/h8 o r 
granularrormul a tion ( 1) 

9 to 10 kg a .i./ha 
o f granu\nr 

formu lati on (1) 
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Method of ,1pplication 

During plant c rop nrowth 

JJ.31 a . i . /ha by soil inject ion 
l ess .1nrt less used 

Under expe rimen tat i on 

. Foliar spray e ve r y month - from 0 . 5 to J.0 kg a . i./ha 
i. e . for 6 appl ication s '1. 5 to 5 . 0 k9 ;i . i./h<.1 o r 0 . 11 g 
a.i./plant 

· ~~dtt1i~:ir~i;~ :~t;h~di~i~!'.r:iJ:;:~l:;ery mont~ 

. Under cxpe riment.ition 

. lns te11d o r a proplant i ng treatment : 
- about J week s nft<>r planting : I foli11 r spr;iy or l gra

nular appl icati on ;it the base of the plan t (from 0 . 075 
g to O. 150 a . i . /pln11t. i . e . fr om 4. I to 9 . 6 kg ;i . i .A1a 
dependi ng on density 

- then from I to J foliar s prays or gnmular applicat ions 
a t the base of old leaves o f t hu plant depending on 
length of c:yc: le and the numbe r of favourable periods 
for trei'l tment ( ., "solid s ide dr1>ssi11g " )(from ~.2 to 
9.6 kg a. i ./ha depend i ng on density) 

o liar spr ay e very 2 to J mon th s rom .: to.., g ;i . 1. 

ha per appli cati on l 
. Added to irrigati on water ( clrip irriga ti on) everv mon th 

from ! . 7to3 . 1 kga . i . /hAin6(,m3ofwawr 
. Foliar spray every 3 months\ · -' kg a .i./ha p('r appl i 

c ation) 

. Instead o r a preplanting trea t m<.·n t : abou t 3 weeks .:i fter 
p lanting fr om 9 to 10 kg a .i./h:t o r gran ular formula
ti on, r epeated a t t he beginning of e.:1c h favour;ib!e pe ri od 

. If necessary a second appli ca tion ( 10 kg a . i./ha at the 
beginn i ng of a fav ournb\e pe r iod) 

. Ins tead of a prep\anting trcatmr.:n t : .:ibout 3 week s .:i fte r 
pl.:in ting from 9 to 10 kg ;:i . i ./ha o f g r anula r formula
tion, repeate d ;1. t t he beginn ing of each favourAble 
period 

. l!nde r experimentation .: 10 kg a .i. /ha 

Main ncmiltodes conce rned 
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and plant receptivity to the product (in the case of systemic prod
ucts and also to the development of populations of nematodes. 
A total of 1 to 3 applications are generally required in the Ivory 
Coast (where the main nematode is Pratylenchus brachyurus), 
depending on the length of the cycle and the number of periods 
when conditions are ideal for treatment. The first should pref
erably take place between the third and fifth months after plant
ing. 

DBCP can be injected between the plants using 11.3 1 of a.i./ 
ha, but there is an increasing tendency to replace it by applications 
of organophosphorus, in which case the recommended rate is 0.15 
g of a.i./plant, irrespective of which product is used (phenamiphos, 
ethoprophos or isazophos) and of the formula (liquid or granulat
ed). Given its depressive effect on flowering (partial inhibition 
and a delay in the appearance of the inflorescence) treatment 
should be stopped at least 6 weeks before flower induction. 
- The second option is regular treatment. In South Africa, where 
the main nematode is Meloidogyne spp ( except in hot regions, 
where Pratylenchus brachyurus dominates), treatment with phe
namiphos is recommended at 3-month intervals using 2 .5 kg/ha, 
or alternatively more frequent treatments using oxamyl, since 
the persistence of this product is much shorter and phytotoxicity 
may be greater . Sometimes the product is placed directly at the 
base of the plant (mainly in the hot season) to reduce the amount 
of product used and consequently the risk of phytotoxicity. 

In Hawaii, where the main nematodes are Meloidogyne sp. and 
Rotylenchulus reniformis, plantations located in dry areas that 
use drip irrigation include the active ingredient in the irrigation 
water. Using phenamiphos and oxamyl at rates of 1.7 and 3.4 kg 
of a.i./ha applied in 66 m3 of water, APT (1981) obtained a reduc
tion of from 91 to 94 %. in populations of Rotylenchulus renifor
mis on 12 month old plants, which resulted in increases in the 
respective yields for the first two crops of from 27 to 29 % and 
21 to 23 %. 

11.9.9.- CONTROL OF SYMPHYLIDS 

Basic information (cf. I.4.2.3.1.2). 

Considering the present state of knowlegde about symphylids, 
the only method of control that can currently be recommended 
is chemical. 
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Fumigants used for the control of nematodes have a repellant 
effect on symphylids and also a depressive effect on predators 
of these pests, so specific control is required. Table 52 lists the main 
characteristics of the most commonly used products at the present 
time and the quantities most frequently recommended. 

These products are used at planting and have to be incorporated 
into the soil before the shoots are planted. Should follow-up treat
ment be necessary, it should probably be at the beginning of the 
next 'interseason ' , but progressive flushes of emerging roots must 
also be taken into consideration. Products that are only slightly 
phytotoxic can be applied in liquid form to the leaves. If the pro
duct is highly phytotoxic (e.g. ethoprophos) only granulated for
mulas should be used and the product placed at the base of the 
plant or in the axils of the leaves at the bottom of the stem. In 
the latter case , rainfall is needed or the product will not penetrate 
enough to be effective. If there is no rainfall , large quantities of 
water will be required. 

11.9.10.- CONTROL OF COCCIDS: DIASPIS SPP 
AND LONGISPINUS SP. 

Basic information (cf. 1.4.2.3.2.1) 

Insecticides used for the control of D. brevipes are also effec
tive against the above-mentioned species. 

11.9.11.- CONTROL OF MITES 

Basic information (cf. 1.4.2.3 .2.2). 

Encouraging plant growth is sometimes enough to reduce popu
lations to a negligible level. 

If this is not the case, chemical control is needed. A whole range 
of miticides is available on the market and it is generally advisable 
to change product from time to time to prevent the development 
of different kinds of tolerance, and to use more than 1 000 1 of 
water/ha. According to the results of a series of experiments under
taken in the Ivory Coast in 1983 , the most effective products are 
systoats, ethyl chlorpyrifos, omethoate, triazophos and isofenphos 
(KEHE, 1983). 
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11.9.12.- CONTROL OF THECLA BASIL/DES (GEYER) 

Basic information (cf. 1.4.2.3 .3) . 
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Chemical control is the only effective method available at the 
present time . It consists of protecting the plant throughout the 
blooming period by applications of appropriate insecticides. It 
is better not to wait until true blooming, but to start treatment 
at flower induction. Even if this schedule is strictly adhered to, 
subsequent attacks can still occur. 

In order to limit the number of t reatments required it is ex
tremely important to ensure flowering is homogeneous, in each 
plos. This implies total control of the production cycle. 

If organophosphorus compounds are used, treatment has to be 
repeated at frequent intervals due to the short persistence of these 
products. 

Organochlorines are often preferable, as they are less toxic. 
However, their use is becoming increasingly restricted and there is a 
tendency to abandon them in favour of organohalides or carbamates, 
as there are fewer problems with residual effects (SUPLICY, FILHO 
et al ., 1966 ; NAKANO, ASSIS MACHADO et al ., 1971; MARTI
NEZ, N.B., 1976) (cf. Table 53). 

TABLE 53 . Main chemical presen tly used tor the control or Th ee/a basilides · Main characteristics. Normal rates or application. 

Solub ili t y Ra tes o f appli ca ti on -

Usual Name Gro up in wa te r Toxic ity LD 50 for Oua nti t y o f a . i. /ha applied 
a t 25" C ra t s (p . o . ) 

and nu m ber o f appli cati ons 

Heptachlo r ( 1) Or ganoc hlorine 0 . 056 ppm 100 mg/kg 1 to 3 kg a . i. : ha i n 4 to 5 

appl icati ons fro m fl ora l 

d iffe r encia t io n a t 10 to 15 day 
i n terva l s 

C hl o r decone ( I ) " i nsol ubl e 4 57 to 590 mg/kg " 
Ca m p hechl o r 

O r ganoha l ide 3 ppm 90 mg/kg " ( Toxaphene) 

Carbar y! Ca rbamates 40 ppm 850 mg/kg " 

Bufencarb " C::: 50 ppm 87 mg/kg under expE!ri ment a t ion 

( 1 ) Use p rohi b i te d i n m any coun t ri es 

11.9.13.- CONTROL OF MINOR PESTS 

Basic information (cf. 1.4.2.4). 

For Lepidoptera the same products can be used as are recom
mended for the control of Thecla basilides. 

For the control of Coleoptera that attack the root system, the 
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most commonly used products are organochlorines (when their use 
is permitted) or organophosphorus compounds such as isazophos 
(2.5 - 15.0 k/ha PETTY G.J., 1982). 

For the control of species that attack the leaves or the inflo
rescence, either organophosphorus or decamethrine (synthetic 
pyrethrinoide) can be used at a rate of 10 g a.i ./ha. This product 
is very effective but has a persistence of only 5 to 10 days. Alter
natively, propoxur can be used at• a rate of 250 g a.i./ha ; it has 
a persistence of 10 to 15 days. 

II.9.14.- WEED CONTROL 

The economic consequences of competition from weeds are 
discussed in section I.4.2.5. and main weed control techniques 
are outlined. 

In this section these methods of control are described in more 
detail, but the weeds that are most difficult to control in pine
apple cultivation are first described, with the more or less specific 
techniques now recommended for their control. 

II.9.14.1.- Main weeds that are particularly difficult to control -
More or less specific methods of control. 

Gramineae (Poaceae) . 

Imperata cylindrica. This heliophilous, extremely hardy plant 
multiples by rhizomes and seeds and rapidly infests the field as 
soon as the plant crop is destroyed. Partial control can be achieved 
with bio-ecological techniques, either using crops that completely 
cover the soil in rotation with pineapple ( e.g. banana, sugar cane, 
legume species, etc.), or by a more radical technique, i.e. frequent 
tilling of the soil. Some producers prefer to till the soil during 
the dry season and to use an extirpator to collect all the rhizomes, 
which are then either burnt or removed. Others feel better resulis 
can be obtained during the rainy season, when fragments of vege
tation break down more easily. 

In the case of chemical control, post-emergence herbicides have 
to be used, as this is the only way of penetrating the leaves. The 
most commonly used products are: 

- dalapon at a rate of 10 to 15 kg/ha; 
- paraquat at a rate of 1 to 4 kg/ha; 
- glyphosate at a rate of 4 to 8 kg/ha. 

Glyphosate is said to be the most effective (COMBRES, 1979 
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g; DEUSE and LAVABRE, 1979). Several applications are generally 
required for complete destruction of the weed. 

Only dalapon has any persistence in the soil. When glyphosate 
is used, it should be applied when the vegetation is well developed 
and during a period of active growth, and enough time must be 
left for the product to take full effect before the soil is tilled. 

These products have also proved quite effective for the control 
of Panicum repens, another heliophilous plant, Cynodon dactylon, 
Paspalum conjugatum, and several species of Digitaria, which are 
often treated selectively with herbicides such as diuron (PY, 1978 ). 

Treatment of all these species using a rope wick applicator 
and glyphosate at a concentration of 12 % a.i. appears to be very 
effective (ANONYMOUS, 1981b). Traditional pre-emergence 
herbicides can also be used, in particular relatively high rates of 
bromacil (5 to 8 kg a.i./ha). In this case they are applied with a 
normal sprayer. 

Cy peraceae. 

Cyperus rotundus and Cyperus esculentus : both these species 
multiply by producing seeds and vegetatively by bulbs and/ or 
rhizomes. The bulbs are organs of storage (survival) and multipli
cation. Normally only one or two buds are capable of germinating 
on each plant (VEKI , 1969), but if the underground organs are 
split, further buds become capable of developing. Consequently 
mechanical tilling of the soil can encourage multiplication and 
if herbicides that do not provide effective control of this weed 
are used continuously, it can eventually become the only species 
that persists. 

Both species are particularly dangerous during the first few 
months of growth of the plant crop, when they can completely 
smother the young plants. The herbicides most recommended 
for their control are glyphosate at a rate of 4 to 8 kg/ha and brom
acil at 3 to 6 kg/ha. The former is used to treat well-developed 
plants and the latter before emergence of the weed, or for the 
treatment of very young plantlets. 

Compositae ( Asteraceae). 

The most feared species are Eupatorium odoratum, a woody 
species that can develop abundantly at the end of the vegetative 
cycle of pineapple, and Mikania scandens, a voluble weed that 
climbs over pineapple plants and can cover extensive areas of 
ground and thus effect yield by reducing photosynthetic activity. 
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The latter species multiplies by means of seeds that are easily 
dispersed by the wind and are trapped at the foot of the pine
apple plant during the course of vegetation. Thus they escape 
the regular herbicide treatments carried out during the course of 
vegetation. However on small plots, pneumatic equipment with 
lateral nozzles should produce good results. 

Convolvulaceae . 

There are several species and these vary from country to coun
try . They are likely to infest the pineapple plantation after flower 
induction in the same way as Mikania scandens, with the same 
consequences. In this case too , only localized treatment during 
the course of vegetation will prevent the weed from overrunning 
the plot. Overall sprays of hexazinone (1 kg/ha in 6000 1 of water) 
can reduce the total volume of convolvulaceae to a considerable 
degree, but can also damage the crowns. However, after the fruit 
harvest both hexazinone and ametryne can be used with little 
risk of phytotoxicity. 

II.9.14.2.- Non-specific techniques. 

l/.9 .14.2.1.- Bio-ecological techniques . 

Encouraging the growth and development of young pineapple 
plants is an effective way of counteracting weeds. Consequently 
choosing top-quality, well-developed planting material and provid
ing a favourable environment for growth both play a key role. 
Fertilizer applied during early stages of growth should be placed 
directly at the base of the plant so that it does not benefit the 
weeds. 

In the case of crop rotation, crops should be grown that cover 
the ground extensively, such as banana or sugar cane, as this helps 
to keep the soil clean. Growing crops with similar properties be
tween the rows of pineapple [ e.g. ground nuts (peanuts) or doli
chos sp.J serves the same purpose (LACOEUILHE, 1981). 

Careful preparation of the soil is a very effective way of reduc
ing weed inoculum, and is often the cheapest possible way of 
destroying weeds that are the most difficult to eliminate during 
the course of vegetation. Deeper and deeper layers of soil have 
to be tilled to force the seeds to germinate and to destroy or 
remove underground organs (with the exception of the species 
mentioned above). Either mouldboards or timessshould be used, 
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depending on the specific requirement. 
Equipment with disks or of the rotary type is not recommend

ed, as it encourages multiplication of weeds by splitting the under
ground organs. Tillage is still carried out between the rows during 
the course of vegetation. By far the best results are obtained with 
horizontal blades (hoes, manual skim coulters, coulters trailed 
behind a high-clearance tractor, narrow rotary cultivators, etc .), but 
this can only be effective if the weeds are only a few centimetres 
high. 

II.9.14.2 .2 .- Control using herbicides. 

Herbicides should be applied at 4 different stages in the cycle: 
- preparation of the soil, 
- planting, 
- during the course of vegetation~ 
- after the fruit harvest. 

• Preparation of the soil. 

This is when the most vigourous measures should be taken to 
destroy those weeds that are difficult to eliminate later on in the 
cycle ( cf. above). 

Post-emergence herbicides that destroy weeds that are already 
growing are to be recommended at this stage. Since products of 
this type penetrate via the leaves and take some time to reach 
the roots and completely destroy the plant, an interval should be 
left after application, before the soil is tilled> so they can express 
their full potential. 

Some authors also recommend the use of pre-emergence herbi
cides at this stage because of their long persistence. Bromacil is the 
most commonly used, particularly for.the control of cyperaceae. It 
should be applied after preliminary tilling of the soil has induced 
generalized growth. 

• Planting. 

At this stage the aim is to destroy the weeds as soon as the 
seeds have germinated. Pre-emergence herbicides with long per
sistence should be used to prevent weeds developing over a long 
period, but these must not have a detrimental effect on the growth 
and development of the pineapple plants. 

The method of application depends on whether or not plastic 
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mulch covers the ridge where the pineapple shoots are planted. 
If plastic mulch is used, herbicide application can theoretically 
be limited to between the rows. However, clumps of weeds can grow 
up around the foot of the plant, and some can penetrate the plastic 
(e.g. cyperaceae). 

Thus, if the soil has not been satisfactorily cleaned during 
preparation, it is preferable to apply herbicide along the beds before 
the plastic is laid, and this is in fact indispensable if transparent 
plastic is used. Herbicide can only be applied either manually or 
with a high-clearance tractor. An overall spray will not provide 
adequate protection between the rows , as the soil is inevitably 
trampled by the workers planting the shoots. For this reason there 
is an increasing tendancy to apply herbicides in the same way, 
whether or not a plastic mulch is to be laid and irrespective of the 
size of the plantation. 

When plasti~ mulch is not being used, the two most effective 
methods are as follows: 
- one split application, the first along the ridge just before the 
shoots are planted; the second in the inter-row space immediately 
after planting. Here again the need for localized application limits 
the technique to small and medium plantations; 
- overall spray treatment of the whole field immediately after 
the shoots have been planted and before the rosette of leaves has 
opened. This limits the quantity of product brought into direct 
contact with the meristem, which is the most vulnerable area. 

With increasing mechanization, the second method is becoming 
the most commonly used, but it is important to calculate the re
quired rate carefully to avoid affecting pineapple growth. 

• During the course of vegetation. 

The pineapple plant is considered to be most vulnerable be
tween 3 and 5 months after planting, when growth is most active. 
If herbicide treatment is indispensable during this period, the 
greatest care must be taken. 

Here again, two methods of application can be used: 
- herbicide is applied in the space between the rows only, 
- herbicide is applied as an overall spray. 

When the herbicide is only applied between the rows , the same 
type of product can be used as at planting, i.e. pre-emergence 
herbicides such as diuron. If weeds have already started to appear 
since planting, preliminary hand weeding is advisable unless a pre
emergence herbicide is used, such as ametryne, that also has a 
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certain effect on young plants. In this case the weeds must not have 
developed beyond the earliest stages, as mentioned above. As long 
as sufficient care is taken, any type of equipment suited for loca
lized application can be used for this type of product. Post-emer
gence herbicides can also be used, but extreme care must be taken 
to avoid splashing onto the pineapple leaves (photo 144). Ordi
nary sprayers can be used if fitted with side guards (droppers) , 
or alternatively rope wick applicators, which avoid all risk of 
splashing. 
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In the case of overall spray the risk of phytotoxicity is high, 
except in the case of the grammicide fluazifopbutyl (HOREL
LOU, 1981), which makes this particular product of special appeal 
in pineapple cultivation. The risk is also relatively low with small 
quantities of ametryne (2 kg a.i./ha), which has the advantage that 
application can be repeated at frequent intervals. It can, for exam
ple, be safely mixed with liquid fertilizer. In order to be effective, 
application must be made when the seeds are germinating, and 
to avoid any depressive effect, when the weather is cool and wet. 
The risk is higher with diuron, and the most dangerous of all 
with bromacil. This herbicide can have an extremely depressive 
effect on the growth and development of pineapple without causing 
visible symptoms of phytotoxicity (PY, 1971; GAILLARD, 
HAURY, 1971) produced by the majority of other herbicides, e.g. 
classic chlorosis of the leaves (DEUSE and LAVABRE, 1979) 
(photos 142 and 143). All types of high-volume sprayers can be 
used provided the application is homogeneous. 

• After the fruit harvest. 

After harvesting, overall sprays can be used and are particularly 
necessary when the pineapple plants are partly smothered by 
voluble plants. Herbicides such as ametryne and hexazinone, 
which a have partial contact effect, are appropriate. 

When application is limited to the space between the rows, a 
wider range of herbicides can be used and at higher rates, since 
there is less risk of phytotoxicity. If side guards are used, even 
post-emergence herbicides can be used with less risk than when the 
pineapple plants are in the full vegetative stage. The main charac
teristics of the most commonly used products at the present time, 
the mode of action, rates and directions for use are given in table 
54. 

II.9.14.3.- Some details concerning herbicide application equip
ment. 

High volume sprayers that are used for the application of 
fertilizers and pesticides can also be used for overall herbicide 
sprays either at planting or during the course of vegetation es
pecially if they are fitted with low volume booms (± 1 000/ha), as 
then the cost of the application can be reduced (time required per 
application:± 1/6 to 1/20 of a day) (photos 131 and 140). 
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Applications limited to the space between the rows. The same 
equipment can be used by attaching flexible pipes with nozzles 
to outlets on the booms. These are held by workers and the appli
cation can be localized near the soil and also adjusted if the spaces 
between the rows are irregular. Directional spraying of this type 
(photo 135) is less labour-intensive than small knapsack sprayers 
worn on the back, as the worker does not have to carry weight, 
nor work a lever to build up pressure . The time required per ha is 
thus reduced from 2 man/day with portable equipment to 1 man/ 
day. With suitable nozzles the quantity of liquid/ha can be reduced 
to± 5001. 

Two other types of equipment are commonly used for manual 
application of herbicide in the space between the rows: 
- pneumatic sprays, which have the advantage of only using 10 to 
20 1 of liquid/ha, and also ensure satisfactory penetration of the 
spray mist among the pineapple plants in the row, if required; 
- electrically powered rotary atomizers with batteries (photo 133) 
or better still, photovoltaic cells, which means flowable formulas 
can be used with little additional water medium. 

In this case the quantity of liquid required is reduced to 10 
1/ha. It is estimated that 1/4 man/day/ha is required using the 
latter two types of equipment. 

N evert heless, unless side guards are fitted, it is impossible to 
prevent splashing onto the pineapple plants no matter which type 
of equipment is used. Thus, at least in small plantations, rope 
wick applicators that can be adjusted both in height and width 
may be the best answer. 

The use of granulated formulas is presently under experimenta
tion. 

11.9.14.4.- Practical hints on the application of herbicides. 

Strictly pre-emergence herbicides (e.g. diuron). 

At low rates, this type of herbicide is only effective when the 
weed seeds are germinating. If the weeds are at a later stage of 
development, they must be removed before application of the 
herbicide. This type of product is particularly recommended for 
use at planting. 

Pre-emergence herbicides with a limited post-emergence effect 
(e.g. bromacil and more particularly ametryne). 
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Weeds must not have passed the 2-4 leaf stage for herbicides of 
this type to be effective. Increasing the amount applied generally 
increases the effectiveness. The addition of an adjuvant is highly 
recommended. The use of this type of herbicide is particularly 
recommended at planting or shortly after. If it is applied during 
the course of vegetation, hand or mechanical weeding should be 
carried out first, or chemical treatment with a post-emergence 
herbicide. If this is not done, large quantities of the product will 
be needed, which is not only extremely risky but also expensive. 

Like pre-emergence herbicides, double-action herbicides should 
be applied to moist soil, or better still, during a period of moder
ate rainfall. If applied during a dry period, this type of product 
will only work after rain, and some (e.g. diuron) may partially 
loose their effectiveness in the meantime. 

Post-emergence herbicides . 

When this type of product is used as a spray, the volume of 
water should be adjusted to the quantity of vegetation to be de
stroyed. However, this is less important if a rope wick applicator is 
used, as it tends to flatten the vegetation to be destroyed. 

It is always advisable to avoid treatment between flower induc
tion and harvest-irrespective of the type of herbicide used, as there 
is a risk that the yield will be affected both quantitatively and 
qualitatively (JORDAN and O'MARA, 1976). This is particularly 
true of diuron, which must not be used during the course of veg
etation. 

When crop rotation is envisaged, ametryne should be used in 
preference to either bromacil or diuron, Ametryne has a residual 
effect for a period of only 4 months, whereas the other two have 
much longer residual effects (2-4 years in all). The final application 
just before changing crops should be of glyphosate, or if the weeds 
are mainly gramminae, of fluazifo-butyl, both of which have very 
short periods of effectiveness. 
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Us ua l nam e (a . i . ) 

Dalapon 

Pa raquat 

Gl yphosate 

F'luaz ifopbutyl 

Diuron 

Bromac il 

Atraz ine 

Group 

Chia r o a liphati c acids 

Bipyridylium 

Subs titute d aryl ureas 

Substituted uracil 

Tri azine 

Solubility in wate r 

Ve ry sol uble 

Ve r y soluble 

10,000 ppm 

2 ppm 

42 ppm 

815 ppm 

28 ppm 

Toxi c ity LD 50 r a t 
(p . o.) 

9,330 mg/kg 

157 mg/kg 

4,900 mg/kg 

3 , 300 mg/kg 

3,400 mg/kg 

5,200 mg/kg 

3,080 mg/kg 

Mode of penetration 

Aeria l part s of weeds 

Aerial par ts of weeds 
Transl ocation through 
whole plant 

On! y aerial par ts of weeds 
Transl ocation to under
ground parts of plants 

Ae rial parts of weed s 
Transl ocation to meristems 

Root s. Translocation to 
above ground parts of 
plants 

Main I y r oots 

Mainly roots but a l so 
partly through leaves 

Effect 

Acts on r espira tory 
a nd photosynthetic 
processes 

Inhibits synthesis of 
some aromati c a mino
acids 

Disturbs cell e nergy 
metaboli sm 

Disturbs c hl orophyl 
function 

Inhibits photosynthesis 

Inhibits photos ynthes i s 

Stabil ity 

S table in acid medium hydro -
1 ysis in an a lkaline medi um 

Hydrolysis at high te mpera
tures and in an alkaline o r 
ve r y acid medium 

Stable but destroyed by mi
c robial fauna 

Stable in neutral s lightly 
acid or basic medium 

Effectiveness 

Very effective against Gramineae 

Very effect ive against Gram ineae 
and Monocotyledoneae ----

Ve ry l a rge range of action ( in
c luding ~rennial plants ) 

Ve ry effective against Gramineae 
a nd a large number of Monoco
tyle doneae 

Ve ry effective against Dicotyle
doneae and some Grami neae but 
not agains t Cvperaceae 

Very large range of action . Ve r y 
effective against CYP:raceae 

Effective agai nst Gramineae and 
many Dicotyledoneae 

Me thod of application 

To be sprayed on the growing 
foliage of weeds 

To be s prayed on the growing 
foliage of wee ds 

To be s prayed on the growing 
foliage of wee d s 

To be s prayed on the growi ng 
foliage of weeds 

To be s prayed on clean s oil 
( befo r e weeds e me rge ) 

To be s prayed on c lean soil 
(before weeds emerge) or on 
young weeds with 2 to 4 leaves 

To be sprayed on young weeds 

Ti me of application 

. During preparation of land ( never to be 
used duri ng plan t c rop growth) 

. During pre paration of land 

. During pl an t crop growth between the 
r ows (protective de vice necessary) 

. During preparation of land 

. During pl ant crop growth between the 
rows (protective device necessary) 

. During pl a nt c r op growth , can be broad 
cast without pro tection (i s not phyto
toxic for pine apple plant) 

. At planting time 

. During plant c r op growth 
- broadcast in s mall quantities 
- applic ation between rows in larger 

quantities 

. During prepa r a tion o f land 

. At pl anting time 

. During pl an t c r op growth, only appli 
cation between rows 

. At pl an ti ng time 

. During pl an t growth 
- broad cast in s mall quan tities 
- appl icati on between rows in larger 

quantities 

~ i ~ Leaves and roots Inhibits photosynthesis H ydrol ysi s in ver y a lkaline Very effective against the majo - To be sprayed on yourig weeds . During plant c r op growth 

E ~ ~ Ametr yne Triazine 185 ppm 11405 mg/kg or acid me dium rity of Dicotyledoneae and m a ny - broadcast in s m a ll quantities 
o/ f 3 Gramineae . Not effective agains t - a pplicati on be tween r ows in l arger 

Rate o f appli cati on ( kg/ha ) 
(a.i.) 

10 to 15 kg/ha 

2 to 4 kg/ha 

1 to 2 kg/ha 

4 to 8 kg/ha 

2 to 4 kg/ha 

0, 250 t o O, 300 kg/ha 

4 to 6 kg/ha 

2 to 6 kg/ha 

4 to 6 kg/ha 

2 to 4 kg/ha 

1 to 2 kg/ha 

4 to 6 kg/ha 

2 to 6 kg/ha 

2 t o 6 kg/ha 

Pe r s istan ce in the soil 

Several mon t hs 

Very shor t time 

None 

Limited period 

Long period 

Long period 

Several months 

Severa l months 

<l> o >- CYP;raceae quan tities 

~E3 f--------+---------+-------+--------+------------l------------+-------------l--======---------t--------------jf----.:_-------------+-----------+----------J 
~ ji 'ffi Leaves and roots Inhibits photosynthesis Susceptible to photodecom - Ve r y e ffective against many To be s prayed on c lean soil . During prepara tion of land I to 4 kg/ha 

E g. ·~ position, destroyed by mi- Di cotyle doneae and various Gra- before weeds e merge or on . During pl ant crop gr owth 

· ~ - Ill Hexaxi none Triazinone Very soluble 1 ,690 mg/kg crobial fauna mine ae (except against Cynodon young weeds - application between r ows onl y 
c.. ~ dactylon). Not effective agains t 

-; Cyperaceae 
5 
.D 

Metolachlo r Acetanilide 530 ppm 
Root s and hypocotyles 

2 ,780 mg/kg 
Inhibits germination 
and acts on young 
s tems 

Ve ry e ffective against Gramineae 
including Digi taria sp . and 
against several Dicotyledoneae 

To be s prayed on clean soil 
before weed s emerge 

• After harvesting 
- broadcast 

. During p r e para tion of land 

. At pl an ting time 

5 to 10 kg/ha 

15 to 20 kg/ha 

Sever a l m onths 

Several mon ths 



11.10.- ARTIFICIAL FLOWER INDUCTION TREATMENT 
(FORCING) 

Complete control of flowering is indispensable for the control 
of production. The particularities of floral differentiation in pineap
ple ( cf. I.3 .4) and the economic necessity for shortening the natural 
cycle have meant that in the majority of cases, control of flowering 
consists in artificially inducing flowering before natural flowering 
occurs. Prevention of natural flowering, on the other hand, is pract
ised much more rarely and the technique is not well mastered. Con
sequently, the subject will only be briefly reviewed here. 

Artificial induction treatment has been known for some time 
(cf. I.3.4.1.2) and is the most remarkable peculiarity in pineapple 
cultivation. It not only means producers do not have to respect 
'natural' fruiting cycles, (cf. I.4.1.1.3), but in addition has the 
following advantages: 
- freedom in the choice of harvesting period. This means production 
can be adjusted to market demand and also to climatic conditions, 
i.e. the avoidance of periods that result in poor fruit quality, due 
either to physiological factors or to parasites. Production can also 
be kept in step with periods of intense or reduced growth; 
- freedom in the choice of fruit weight, since this is linked to the 
size of the plant at flower induction (cf. I.3.4.3), which implies more 
satisfactory adjustment to economic requirements; 
- the shortening of the harvest period. This means a reduction in 
cost and an increases in effective tonnage, since fewer fruits are 
wasted, for example due to overripeness; 
- shortening of the growth cycle, which means available space can be 
exploited more profitably; 
- simplification of plantation management. 

Homogenizing fruit development within one plot of artificial 
flower induction is the only way of producing successive harvests 
(ratoon crops) without replanting. Under certain conditions it is 
the only way of guaranteeing the economic viability of the pineap
ple plantation. 

Taken as a whole, the advantages are such that pineapple produc-
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tion without artificial flower induction is difficult if not impossible 
to imagine, except in those cultivation systems that are little more 
than the gathering of the ripe fruits. 

The factors that govern the success of artificial flower induction 
treatment have already been discussed (cf. I.3.4.1.2). The following 
points should be carefully respected: 
- although the plant must have reached a certain stage of develop
ment, induction becomes difficult if the total volume of the plant 
is too great; 
- if renewal of growth, for example due to rainfall or fertilization, 
is too vigourous after a long period of reduced growth, plant re
ceptiveness to treatment will be impaired; 
- climatic conditions that favour natural floral differentiation -
short days, cooler temperatures, increased cloud cover - also in
crease the chance of success. 

11.10.1.- RANGE OF PRODUCTS USED -
DIRECTIONS FOR USE AND EFFECTS 

Artificial flower induction can only be envisaged if a homoge
neous response can be expected from the plot as a whole. All plants 
must be in a position to benefit from the treatment and care must 
be taken to ensure uniformity of application. In certain cases large 
quantities of water should be used, or, alternatively, each plant 
should be treated individually. 

It goes without saying that the product must penetrate the plant, 
and although penetration may appear to be rapid (cf. 1.3.4.1.2), 
it is normal practice to consider any treatment void if it is followed 
within a period of a few hours by rainfall heavy enough to displace 
the solution applied to the heart of the plant. 

11.10.1.1.- Ethylene gas. 

Ethylene was the first product discovered to be effective (RO
DRIGUEZ, 1932; KERNS, 1936), but in spite of this its use was 
hampered for a long time because it was in gaseous form. The metR
od consists in spraying a gas-saturated solution over the whole 
plant. The solution is obtained by injecting ethylene under pressure 
using a bottle of compressed gas. As the gas is only slightly soluble 
in water (1:9 volume at a temperature of 25°C, i.e 1:7000 weight), 
injection must take place immediately before spraying. For this 
reason a high clearance tractor or sprayer with a lateral boom to 
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which the injection device can be attached must be used, which 
means the method can only be used on mechanized plantation. The 
amount of ethylene required is 800 g per application per ha (DE
RICKE, 1974). An extremely large quantity of water (6 to 80001) 
is required, and coverage must be completely even (PERRIN, 
1976); 0,5% activated charcoal or 1% bentonite should be added 
to increase retention of the gas by the water, and the water should 
be cool if possible. Use of an industrial injector is recommended 
to ensure the gas is dispersed in very small bubbles and is homo
genized immediately after injection. Subsequent agitation of the 
solution must be avoided at all cot,ts. 

Treatment is remarkably effective, but nevertheless night ap
plication is recommended unless there is little sun or conditions are 
otherwise favourable to natural flowering. Treatment should be 
repeated after an interval of two or three days. 

Ethylene gas is considered to be the reference product for its 
effect on the development of the inflorescence, for the quality of 
the resulting fruit and also for the production of shoots. 

11.10.1.2.- Calcium carbide - Acetylene. 

After ethylene, calcium carbide is the product that has been 
used longest, due to its ability to release acetylene on contact 
with water (COLLINS, 1935; KERNS, 1936). 

This product is placed directly in the heart of the rosette of 
leaves in either solid or liquid form. 
- Small pellets of carbide (approx. 1 g/plant) (SINGH and RA
MESHWAR, 1976) are placed in the heart of the plant and acety
lene is released when the product comes into contact with the 
water found there. This technique can cause burning. However, 
burning can be limited by first soaking the pellets in diesel oil. 
- A watery mixture at a concentration of at least 0.5 to 1 % (ABU
TIATE, 1977) is applied to the heart of the plant. The mixture 
must only be prepared immediately before use, preferably in a 
hermetically sealed container. Maximum dissolution is obtained by 
agitation. A certain amount of air should nevertheless be left in the 
container to enable the gas to separate without danger. A 200-1 
drum should thus contain 500 g of crushed carbide and only 150 1 
of water. Some producers use open containers with slightly less 
satisfactory results. A large enough quantity of the resulting mix
ture is placed in the heart of the plant for it to run over (at least 
50 ml). This method is also manual, but pouring a watery mixture 
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is easier than placing solid pellets, and is consequently preferable 
(DAS et al., 1965; WU, 1966). 

The success of treatment using carbide depends on the same 
parameters as with ethylene gas, i.e. water temperature, time of 
application, repeating the treatment and climatic conditions. The 
two methods are equally effective and have similar effects. The 
advantage of night application has been demonstrated many times 
(PY et al., 1957; WU, 1966; ALDRICH and NAKASONE, 1975; 
ABUTIATE, 1977). On contact with acetylene, copper and silver 
form acetylides, which are subject to spontaneous explosion. 
Containers made of these metals should consequently not be used. 

II.10.1.3.- Naphthaleneacetic acid (NAA) and its sodium salt (SNA). 

This product, which was shown to be useful as early as 1945 by 
VAN OVERBEEK, is by far the least effective (NORMAN, 1972; 
GLENNIE, 1974; KEETCH et al. , 1975). It should only be used in 
regions furthest from the equator, or at high altitudes, and only 
during periods that are favourable to natural flowering. PY is of 
the opinion that the use of the product only results in a gain of at 
the most 2 1/2 months over natural flowering (PY et al. , 1965 ). 

Rates may vary from 0.25 mg to 1 mg per plant (VAN OVER
BEEK, 1946; POIGNANT, 1967). The product can be broadcast 
or a solution placed in the heart of the plant (GLENNIE, 1974; 
DAS, 1964; HUSSAIN et al., 1973). If too large a quantity is used 
it can cause physiological accidents and flowering can also be 
delayed. In order to increase effectiveness, treatment can be re
peated, but after a relatively long interval, 8 or 9 days in Guinea 
(PY et al., 1965) and up to 21 days in South Africa and Australia 
(KEETCH et al., 1975; GLENNIE, 1974). 

NAA decomposes in light, and the higher the temperature, the 
more rapid the decomposition (LEEPER et al., 1962). Thus the 
best results are obtained in cloudy or rainy weathe~ (PY and TlS
SEAU, M.-A., 1965) and particularly at night (YI LING, 1974). 

SNA is used in preference to NAA, as it is soluble in water. 
Solid formulas can also be used (SENANAYAKE, 1974). 

Flower induction using NAA usually produces less satisfactory 
results than induction with hydrocarbons: 
- fruits have a lot of fruitlets and are heavier, but the fruitlets 
at the top of the fruit are not properly filled and the result is 
a conical fruit, which is less satisfactory for the production of 
slices; 
- the fruit peduncle is longer, which increases the risk of lodging; 
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- there is a marked decrease in the number of slips produced; 
- harvest is delayed. 

11.10.1.4.- Beta-hydroxyethylhydrazine. 

This compound, which is an ethylene generator, is more effec
tive than NAA. It was first shown to be useful in 1955 by GOWING 
and LEEPER. It can be broadcast in solution at a concentration of 
1 000 to 3 000 ppm (GLENNIE, 1974; KEETCH et al., 1975; 
CHEW and MALER, 1978; BERRIL, 1964; APT, 1969) using 
2 000 to 3 000 1 of water/ha. Treatment is most effective when 
carried out at night. The peduncle is shorter and the depressive 
effect on shoot production less marked, and, most important of 
all, the shape of the fruit is more cylindrical than with NAA. 

In practice, this particular product is rarely used, as it is not 
easy to obtain and is also toxic for human beings. 

11.10.1.5.- Ethephon or 2-chloroethylphosphonic acid. 

This is the most commonly used synthetic ethylene generator 
in agriculture. It is much more effective as an artificial flower 
induction agent than NAA, but less effective than hydrocarbons 
(COOKE and RANDALL, 1968; PY and GUYOT, 1970a; GUYOT 
and PY, 1970), the main problem being that it decomposes slowly 
(TEISSON, 1979c). Its effectiveness is increased by the addition 
of urea to the solution (DASS et al., 1976; GLENNIE, 1974; 
KEETCH et al., 197 5), which may act by facilitating absorption 
of ethephon (YAMADA et al., 1965). In this case, the solution 
comprises 100 to 500 ppm ethephon and 2.5 to 5 % urea in 2 000 
to 3 000 1 of water/ha and is broadcast over the whole field. The 
higher rates are used during periods when forcing is most difficult. 
Improvement can also be obtained by the addition of an alkalizing 
agent, which speeds up the production of ethylene (WARNER 
and LEOPOLD, 1969): either borate at a concentration of 5 % 
(GLENNIE, 1981a), or carbonate (DASS et al., 1976). In the 
latter case, concentrations as low as 10 ppm of ethephon are still 
effective if the solution is placed directly in the heart of the plant. 

Although the slowness with which ethylene is released may be 
a disadvantage in connection with the effectiveness of the treat
ment, it is an advantage as far as the actual application is concerned, 
as renewed treatment is not required and the time of day the 
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application is made is of no significance except when maximum 
daytime temperatures are around 30°C ·or more (GLENNIE , 1981 
a) . At this temperature, CO2 slows down the breakdown of ethe
phon into ethylene and tends to counteract its effect (cf. I.3.4.1.3). 

Ethephon has several disadvantages : high rates tend to reduce 
fruit weight. Adding urea can reduce fruit acidity (cf. I.4.1.4) and 
the fruit peduncle can become longer, resulting in lodging. When 
climatic conditions are not favourable to flower differentiation, 
the use of ethephon results in a delay in flowering and more par
ticularly in a lengthening of the flowering period and consequently 
of the harvest (TEISSON, 1981). Some authors also suspect that 
ethephon can lead to a decrease in the number of shoots produced. 

On the other hand, the use of ethephon often produces larger 
crowns than other forcing agents , which is an advantage where 
crowns are used as planting material (GONZALES et al. , 1975; 
IGLESIAS, 1979; TEISSON , 1979 c) . 

All things considered, ethephon is so easy to use that it is 
becoming the most commonly used product if climatic conditions 
are satisfactory. 

Il.10.1.6.- Other products and formulas. 

Other compounds that theoretically induce flowering, partic
ularly auxin compounds (cf. I.3.4.1.2), are not often used in 
practice either because they are not very effective or because they 
can cause vegetative accidents ; 2,4-D, which is the most dangerous 
product in this connection, is still used to a very limited extent, by 
pouring 50 ml of solution at 5 to 10 ppm into the heart of the 
rosette of leaves (GIACOMELLI and PY, 1981). The use of this 
product results in a very short fruit peduncle, but there is a de
crease in the number of slips produced, and , in addition, the har
vest is delayed (HUSSAIN et al., 1973). 

Flower induction treatment with solid formulas can be an 
advantage where it is difficult to transport large quantities of 
water, which may be the case in regions where plantations are small 
and scattered and waterways are rare or not always usable. At the 
present time, only carbides and NAA can be used in this form , 
although with the drawbacks listed above. The use of solid formu
las based on ethephon appe&rs to be feasible , but their development 
has proved problematic (TEISSON, 1979a) , although they may be 
available in the relatively near future. 

A further technique currently under study uses a crystalline 
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structure capable of capturing ethylene gas and subsequently 
releasing it in a liquid medium. Extremely promising results have 
been obtained (SOLER, 1984) with formulas of this type, which 
are in the form of tablets containing the correct quantity for one 
plant. This means they can be applied without added water, the 
water contained in the heart of the plant being sufficient to break 
them down. They should be of particular interest on small plan
tations where the large quantities of water required for forcing are 
sometimes a handicap. 

Preliminary treatment with growth retardants is also being 
tested, to improve the effectiveness of existing techniques under 
certain climatic conditions (GLENNIE, 1981a). 

11.10.2.- CHOICE OF ARTIFICIAL FLOWER INDUCTION 
AGENT 

The main characteristics of the most commonly used forcing 
agents are given in table 55. The cost of treatment is usually ex
tremely low in comparison with other costs. Effectiveness and ease 
of use are the main criteria, but these two criteria are to a certain 
extent contradictory. On large-scale plantations, the amount of 
treatment to be carried out is such that only methods that guar
antee , quasi total success are worth while. For this reason, a hier
archy of different procedures has been established among large
scale plantations - in connection with specific geographical and 
climatic conditions. An example is given in table 56. 

TABLE 55 · Characteristics of flower induction treatments . Rates given are for 50 000 plants/ha. 

Ethyl ene gas A ce t y l ene gas Ethephon NAA 

Effectiveness Excellen t Excellen t 
Good but l ess 

Depends on c li mate 
re lia b le 

. 
Renewed treatment Pre ferable Pr e fe r able Not necessar y Necessar y 

Mechan i zati on Indi spensable Proble m a ti c Possible Poss ible 

Q ua nt ity o f a. i./ha 
800 g 8 kg carbide 500 to I 500 g 200 g 

per r un 

Quant i t y o f wa te r 
6 000 I 2 500 I 2 000 I 2 000 I /ha/run 

Ac tiva ted char coal : 
U r ea : 100 kg 

Adj uvan t/ha 
3 kg 

&/or 
or 

benton ite : 60 kg 
Borax : 10 k g 

Remarks 
Di ffi c ul t to u se i n Can be u sed i n Least depend an t Cheapest . Can be 
smal1 p l o t s soli d fo r m on t i me o f day u sed i n sol i d form 
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TABLE 56 · Use of most common flower induction agents according to area of production. 

La titude NAA Ethe phon Ethyle ne or ace t yl e ne 

Hawa ii 22 ° 
D ur i ng pe riods of 

All year round All year round 
natural diffe r e ntiation 

Martin ique 15° At high a ltitudes Ever ywhere 

Ivory Coast 50 Used exclus ive l y 

If the production schedule is less strict, as it may be on smaller 
plantations, the harvest period can be longer and a slightly higher 
failure rate consequently acceptable. In these circumstances ease 
of use may be the main criterion in the choice of a particular pro
cedure. 

11.10.3.-ADDITIONAL TASKS IN CONNECTION 
WITH ARTIFICIAL FLOWER INDUCTION 

The success of forcing treatment has to be checked as early 
as possible, depending on the development of the inflorescence 
(cf. I.3.4). 

After a period of around 3 weeks a longitudinal section should 
be taken of the apex of the stem of a number of plants in order to 
examine the morphology (cf I.3.5.1). Plants that are in the proc
ess of producing an inflorescence can be counted 6 to 10 weeks 
after forcing treatment. Between these 2 dates the success of the 
treatment can be judged by examining the profile of the youngest 
leaves (cf. 1.3.5.1). 

Since many different factors influence the success of flower 
induction treatment, every plot should be examined even if treat
ment is believed to have been successful. This is indispensable, 
particularly for estimating yields, which is one of the most impor
tant tasks in plantation management. 

If the results obtained are not satisfactory, that is, if the ratio 
of plants producing inflorescences is not high enough, treatment 
may have to be repeated. The threshold at which renewed treat
ment is profitable will vary with specific socio-economic con
straints. 

It should be noted that if carbide is used during periods favour
able to the development of Phytophthora spp., fungicide treat
ment may be necessary (cf. 11.9.1). 
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11.10.4.- PREVENTING NATURAL FLOWERING 

Prevention of natural flowering is mainly accomplished at 
planting, through the choice of planting date and of a type of 
planting material that involves only minimal risk of premature 
flowering and consequently the production of fruits in periods 
that are not favourable (cf. 1.4.11.3.2). However, recent insight 
into the metabolism of ethylene, the natural flower induction 
agent (cf. 1.3.4.1.3), gives reason to hope that chemical control 
of flowering may be available in the years to come (LURSEN, 
1982). 

MILLAR-WATT (1981) has obtained good results by spraying 
each plant with 50 mg of silver nitrate, which is one of the most 
powerful inhibitors of the effects of ethylene. PINON (1984) 
was able to confirm these results in Martinique. 

By contrast, no experiments have yet been carried out in 
connection with in vivo ethylene synthesis, as has been achieved 
with ornamental Bromeliaceae (MEKERS et al., 1983). 





PHOTO 144 · Consequences 
of contact herbicide splashing 
onto pineapple leaves. (By 
permission of Hayot) . 

PHOTO 145 · Burns at the 
bases of the leaves caused 
by an application of herbi
cide at too high a concentra
tion. (By permission of Sarah). 

Various types of anomalies frequently 
encountered in pineapple cultivation . 1 

PHOTOS 142 and 143 • Chlorosis caused by excessive 
, rates of herbicides with residual effects. (By permission 
of Sarah) . 

Reproduction courtesy of GERDA T 
(Groupement d 'Etudes et de Recherches pour le Developpement de l'Agronomie Tropicale) 

42, rue Scheffer - 75016 Paris, France 



Various types of anomalies frequently 
encountered in pineapple cultivation - 2 

PHOTO 146 - Burns at the bases of the leaves 
caused by placing solid fertilizer too high on 
the plant. 

PHOTO 147 - Necrosis of leaves caused by an application 
of potassium chloride solution at too high a concentration. 
(By permission of Marchal) . 

PHOTO 148 - Curvature of the plant following mechanical 
damage to the stem near the apex. (By permission of 
Lacoeuilhe) . 

PHOTO 149 - Damage to sub-epidermal tissues of the shell 
caused by storing the fruits at too low temperatures. 
(By permission of Teisson) . 

Reproduction courtesy of GERDA T 
(Groupement d'Etudes et de Recherches pour le Developpement de l'Agronomie Tropicale) 

42, rue Scheffer - 75016 Paris, France 



PHOTOS 150 and 151 - Harvesting fruits destined for the fresh 
fruit market . Back carrier and case used for transport. 

PHOTOS 152 and 153 - Plastic crates 
and transport lorry with slots for 
individual fruits used for taking fruits 
to packing centre - Ivory Coast. (By 
permission of Py and Guyot) . 

Reproduction courtesy of Ets. :,\ZOULA Y et Cie 
2 , rue des Tropiques - 94538 Rungis Cedex, France 



PHOTO 157 - Perola. fruits 
with slips attached (Brazil) 
packed for export to Argen
tina . (By permission of Py) . 

PHOTOS 154 and 155 
Fruits are packed vertically 
in cardboard boxes with in
dividual compartments - Ivory 
Coast. (By permission of Py) . 

PHOTO 156 - :Smooth Cayenne in Brazil 
packed for export to Argentina. (By per
mission of Giacomelli) . 

Reproduction courtesy of Ets. AZOULAY et Cie 
2 , rue des Tropiques - 94538 Rungis Cedex, France 



11.11.- PREPARATION OF THE FRUIT. HARVEST 

After flower induction treatment, the number and type of 
tasks that remain depend mainly on whether the fruit is for export 
fresh or for canning. The criteria for judging quality are different 
for each. The market value of fresh fruits is generally much higher 
than that of fruits destined for canning, so more money can be 
spent on them. However, in many cases there is no clear-cut dis
tinction between the two types of production and the market is 
only chosen when the fruit is harvested, the choice being based 
on weight and degree of ripeness. 

Before harvest, the following operations must be completed 
when necessary: 
- different growth regulators applied to increase fruit weight; 
· crowns reduced; 
- fruits protected against sunburn. 

Other tasks can include counting the fruits and treatment with 
plant protection products,and these are described elsewhere. More 
directly concerned with harvesting is the difficult job of deciding 
exactly when it should take place, carrying out treatments aimed 
at narrowing the harvest peak, and organizing the harvest from a 
practical point of view. 

11.11.1.- PREPARATION OF THE FRUIT 

11.11.1.1.- Increasing fruit weight by treatments after flower induc
tion. 

Several compounds increase the weight of the fruit at harvest 
(cf. 1.3.5.3). The increase in weight is due to better filling, partic
ularly at the top of the fruit. The effect can be linked to a delay 
in maturing and consequently prolonged accumulation of metabo
lites. However, the fact that early applications are the most success
ful suggests other phenomena are involved. 

Many studies have been undertaken of NAA and its sodium 
salt (SNA), as weight increases are sometimes quite spectacular 
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(POIGNANT, 1969a and 1970; KWONG and CHU, 1968; 
POWDEN, 1969; HUANG, 1973) . The conditions under which 
treatment is carried out vary quite considerably. SNA can be used 
at concentrations of from 100 to more than 200 ppm one to 
two months before harvest. The harvest is then delayed for ap
proximately 15 days and the weight of the fruit can increase 
by more than 20 %. The weight increase is due to better filling 
of the fruitlets at the top of the fruit, the diameter of this part of 
the fruit is also increased, and more slices can thus be obtained 
from fruits destined for canning. Treatment also results in an 
increase in the diameter of the peduncle and consequently there 
is less risk of lodging. 

However, a lengthening of the ripening period together with a 
marked slowing down in the colouring process of the shell can 
result in sudden overripeness and total loss of the fruit. 

Treatment with SNA also leads to a marked reduction in Brix, 
which may or may not be accompanied by an increase in acidity. 
The flesh sometimes becomes too firm and has whitish patches 
and there is an unwanted increase in the diameter of the core, and, 
most important of all, an increase in the number of cracks in the 
shell. Occasionally a slowing down in the production of shoots has 
been noted in treated plants. 

Thus, disadvantages often outweigh advantages to such an ex
tent that the fruit is rejected by the cannery (ANONYMOUS, 
1973), and this treatment, which a few years age was recommend
ed, is now being used more and more rarely. 

2,4-dichlorophenoxyacetic acid (2,4-D) has similar effects, but 
the difference between effective and phytotoxic rates is so mini
mal that it cannot be used (SANFORD, 1979). 

Today, studies are concentrated on the use of 2-3 chloropheno
xy propionic acid derivatives (3 CPA) (DALLDORF, 1978b; LA
COEUILHE, 1980). These compounds are used at different rates 
depending on the locality and on the cycle, from 75 to 375 g of 
a.i./ha in from 1,000 to 1, 500 1 of water. 

Treatment is carried out very early, just after true flowering 
is over, when the petals are dry. It can cause a delay of 15 days in 
external colouring and increase the weight of the fruit by more 
than 20 %, mainly due to better filling of the fruitlets at the top 
of the fruit. Treatment at higher concentrations can modify fruit 
quality: there is a decrease in Brix and an increase or decrease in 
acidity, depending on climatic conditions prevailing at the time 
of fruit formation (VIEIRA and DE SARMENTO GAOELHA, 
1981). However, these effects are less distinct and less constant 
than with SNA. There is a marked reduction in the weight of the 
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crown, which is an advantage if the fruit is destined for the fresh 
fruit market, but can be a disadvantage if the crowns are to be used 
as planting material. In cases where several crowns develop on 
one fruit, the number is generally reduced and the shape of the 
fruit is improved. 

Treatment with 3 CPA also has a tendency to delay and prolong 
the colouring process of the shell and consequently the harvest 
(SOLER, 1985). In this case,treatment with ethephon is required to 
narrow the harvest peak. However, a delay in the harvest must be 
accepted, as any efforts to counteract this effect could result in 
serious consequences in connection with fruit quality, and in par
ticular in an increase in acidity. 

It also appears that application of this product when condi
tions are hot and dry can cause cracks t" occur in the shell, which 
can have serious consequences. 

Thus 3 CPA should only be used with the greatest caution, 
and preferably only for the treatment of the ratoon crop. 

II.11.1.2.- Reducing the crown. 

Reducing the crown of fruits destined for export to the fresh 
fruit market not only improves the appearance of the fruit, but also 
reduces both the weight and the volume, and consequently the cost 
of transport. On the other hand, small crowns do not provide as 
good protection against jolting during transport, especially when 
the fruits are packed flat. Effective and expensive packing mate
rial will be required instead. In practice, packing material of this 
type is only used in a few countries (the Azores and mainly in 
West Africa), however these few countries are responsible for the 
majority of exports of fresh fruit to the European market. Reduc
ing the size of the crown is accomplished by destroying the apex 
while the crown is developing. 

This is done with a metal spoon gouge, which is used to remove 
the young leaves and the apex (photo 158) . If carried out early 
enough before harvest the wound heals successfully and there is 
no risk of rot. In the Ivory Coast it is done between the 12th and 
17th week after flower induction. The height of the crown at this 
time is between 5 and 13 cm, which are the limits laid down by 
local export regulations. The operation itself requires skilled and 
reliable workers, because if the gouge penetrates too deeply, the 
fruit can be damaged, and if it does not penetrate deeply enough, 
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the operation will not succeed. 
In spite of flower induction treatment, which implies differen

_tiation is homogeneous within a given plot, the crowns do not all 
develop at the same rate and consequently do not all reach the 
required height at exactly the same time. In addition, the total 
amount of crown removed must be a function of the size of the 
fruit and the crown as a whole, and consequently several successive 
visits will be required to one plot, usually 4 in all at intervals of 
one week. One worker can reduce from 11 000 to 2,000 crowns 
per day (BOUFFIN, 1979), so the cost of the operation is very 
high and can be prohibitive in some countries. 

The cost could theoretically be reduced by chemical treatment, 
but trials carried out with synthetic hormones have not produced 
satisfactory results (GUYOT, 1970). However, 2-3 chlorophenoxy 
propionic acid (3 CPA), may prove to be of interest (cf. I.3.5.3) 
although there is a risk of the crown being spoiled. 

In some cases, the crown is completely removed, which is said 
to increase the mean weight of the fruits and make them more 
cylindrical in shape. Experiments conducted on this subject have 
produced extremely varying results (SILVY, 1955; DALLDORF, 
1975c). This technique also has the disadvantage of implying 
loss of planting material and also considerably increasing the risk 
of sunburn. 

Crowns can be removed 2 weeks before harvest if excessive 
crown development is to be feared, which is occasionally the case 
in Martinique. 

Under certain conditions ( depending on the climate and on the 
variety ( cf. I.4.1.4.3.3.) there can be a frequeqt occurrence of 
multiple crowns. If there are not too many and they are easy to 
separate, some of them can be removed. This must be carried 
out with one clean strok early enough to allow the wound time 
to heal. Treatment with 2-3 chlorophenoxy propionic acid as_ 
described above can also reduce the riumber of multiple crowns 
(CAVARD, 1981). 

Removal of slips should only be considered if there are so 
many that they can prejudice the development of the fruit ( cf. 
collar-of-slips, I.2.1.3), which occurs relatively rarely, since clones 
showing this behaviour are progressively eliminated by mass se
lection. 

II.11.1.3.- Protection against sunburn. 

Sunburn can have very serious consequences, particularly when 
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the fruit has lodged (cf. 1.4.1.4.3.1) (photos 27, 28, 29 and 65), 
and sometimes leads to total loss of the fruit. When the fruit is 
destined for canning, it can sometimes only be used for products 
other than slices. However, the risk of sunburn is extremely variable 
and depends on the latitude, the time of year, the exposure of the 
plot and the frequency of wind. It is possible to reduce the risk 
by scheduling flower induction so that the harvest will not take 
place during very sunny periods, and also by providing optimum 
conditions for plant growth, as this means it will have abundant 
leaves at harvest time and a strong peduncle that is not too long, 
so that lodging does not occur. 

Screening the fruit from the sun is expensive and can only be 
envisaged in the case of fruits destined for export fresh . The screen 
can have a depressive effect on fruit weight ( cf. 1.4.1.4.1) so al
though it may be indispensable in certain cases, it should not be 
generalized. Screening can have a beneficial effect on green ripe 
fruits (cf. 1.4.1.4.3.4), although for this purpose the screen must be 
dense, which in turn can have a negative effect on fruit weight 
and Brix. Thus, the choice will depend on which risk is the highest. 

Protection implies shading the fruit for the last 4 to 6 weeks 
before harvest. There are several different methods of accomplish
ing this: 
- the leaves are tied together in a bunch above the fruit (photo 159). 
This is a long and costly procedure, as only approximately ],000 
fruits can be protected per man day. In addition it only partly 
protects the fruit from lodging, as if often falls through the bundle 
of leaves and is consequently even more exposed to sunburn; 
- strings are tied lengthwise down each side of the row and are then 
joined together by cross strings between each plant. This pulls 
the leaves together towards the centre. The fruits are then well 
protected by leaves and are also prevented from lodging (photo 
161). This method also facilitates access by workers and agricultur
al machinery betwfen the rows. Slightly more than 2,000 fruits 
can be protected per man day in this way; 
- a protective screen is tied around the fruit. Paper (photo 160), 
cardboard, wood fibre, dry grass, opaque plastic or old sacking can 
be used (VAN LELYVELD, 1957b; TISSEAU M.-A., 1958) . But 
again this does not prevent the fruit lodging and in addition the 
method is labour-intensive and a large quantity of protective ma
terial is required. One of the main problems is the re-use of the 
protective screening. Dry grass may be a satisfactory solution where 
available, although there is subsequent risk of weed dissemination. 

All these procedures are highly labour- intensive and conse
quently experiments have been carried out, especially in Queens-
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land and in South Africa, to try and find a satisfactory way of 
protecting the fruits by spraying them with particles in solution 
that adhere t9 the fruit and when dry, form a protective screen 
(DU TOIT, 1979; ANONYMOUS, 1980). A mixture of talc and 
bentonite appears to produce the most satisfactory results, but 
many disadvantages are still involved in the procedure: it may not 
be very effective, rain may wash away the product, or converse
ly, it may remain too long on the shell and spoil its appearance. 
However,it is a cheap method of protecting the fruits and could 
be used for fruits destined for canning. 

11.11.2.- THE HARVEST 

11.11.2.1.- Deciding when to harvest. 

Fruits must be harvested at the optimum stage of development 
required for premium quality after sale, whether to the cannery 
or, after export, to the fresh fruit market. Fruits should thus be 
harvested as nearly ripe as possible while taking into consideration 
the evolution of the fruit during transport in the case of fresh fruits, 
the requirements of the industrial canning process, and particular
ly physical resistance, in the case of fruits for canning. Thus many 
different factors have to be reconciled, which depend on climat
ic conditions at the locality concerned and at harvesting time. 
on the variety, on mineral nutrition and on the weight of the fruit. 
All these factors are also significant in the link between the actual 
ripeness of the fruit and the colour of the shell, which is the cri
terion normally used to judge fruit maturity . 

Consequently, the harvest time can only be decibed in a clearly 
defined context. The first factor to consider is the future of the 
fruit, but economic limitations can play a determining role, as 
harvesting is one of the most labour- intensive tasks. Efforts to 
reduce its financial impact may be difficult to reconcile with 
the production of top quality fruits . 

11.11 . 2.1 .1. - Fruits destined for export fresh. 

Fruits that are to be eaten with little or indeed no processing 
must be of excellent quality. The quality may be judged differently 
from consumer to consumer, but sugar content (Brix) is usually the 
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most important criterion. The sugar content increases very rapid
ly during the last stages of development of the fruit on the plant, 
so fruit Brix at consumption is determined primarily by the stage 
at which it was harvested. Each individual pineapple has consider
able market value, and even the slightest bruising can lead to sub
sequent loss of the whole fruit, so particular care must be taken 
during handling. But even though bruising is a crucial fact..r, taste 
must take precedence. The fruit should thus be harvested at as late 
a stage as possible taking into consideration the duration and con
ditions of transport and sale (and in particular refrigeration) . If the 
fruit is transported at a temperature of 8°C, evolution is almost 
completely stopped. Consequently, in the case of refrigeration, 
the only factor that need be taken into account is the delay be
tween harvest and refrigeration, and again after refrigeration before 
consumption. 

If there is practically no delay between harvest and consump
tion (fruits for local consumption or transport by air), fruits can 
be harvested at an advanced stage of the maturing process. On the 
other hand1 if there is a long delay between harvesting and con
sumption, there is absolutely no advantage in harvesting fruits 
before they have started to ripen, as subsequent evolution will 
not allow them to mature satisfactorily. In these circumstances the 
only really satisfactory solution is an efficient network of refriger
ated transport, and harvesting fruits after the colour of the shell 
has started to ·change. 

As already mentioned, the colour of the shell is the most com
monly used criterion for judging ripeness, but a more detailed defi
nition is needed here. The appearance of the flesh is significant in 
understanding the relationship between the colour of the shell 
(photo 26) and internal maturity under local conditions and also at 
different times of the year. It should be emphasized that the change 
is shell. pigmentation (cf. I.4.1.4.1 and I.4.1.4.3) precedes internal 
maturity in the case of small fruits when climatic conditions are 
cool and dry, when there is dense shading, and when potassium 
fertilization is rich and nitrogen fertilization is poor. 

Fruits destined for European markets are frequently classified 
according to how far up the fruit the orange-yellow colour of 
the shell extends (photo 26): 
Colour Maturity 1 : only the base of fruit is coloured orange-yellow; 
Colour Maturity 2: colour extends half way up the fruit; 
Colour Maturity 3: colour extends more than half may up the fruit . 

The effect of fruit weight on the discrepancy between the col
our of the shell and the degree of internal ripeness is such that 
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large fruits classified as M. 3 and small fruits classified as M. 1 
should not be included for transport from West Africa to Euroe 
via normal distribution networks that include approximately 10 
days refrigerated transport by sea. 

Treatment with 3 CPA also has a tendency to delay and prolong 
colouring of the shell, and consequently the harvest~ for a longer 
period (SOLER, 1985 ). In this case, ethephon must be used to 
narrow the harvest peak , but the delay before harvesting must be 
accepted, as any efforts to counteract this effect can lead to disas
ter, and particularly to an increase in acidity. 

In another connection, when this particular product is applied 
in a hot and dry period, it can lead to cracks in the shell, which 
can have serious consequences. Thus 3 CPA should only be used 
with extreme caution and it is generally advisable only to use it 
for the ratoon crop. 

Il.11 .2.1 .2.- Pineapples destined for canning. 

Fruits used for canning can suffer damage during transport and 
particularly during processing when transport is carried out with 
much less care than with fruits for export to fresh fruit markets, as 
the commercial value of each fruit is lower and also because much 
more tonnage is being handled. During the canning process, the 
fruits have to withstand a series of mechanical operations without 
significant damage, as slices continue to be considered the most 
valuable product (cf. IV). Sugar is added to the final product, 
which ensures a certain homogeneity, so the most important cri
terion in judging pineapple for canning is good resistance to me
chanical handling. This means the fruit can be harvested at an 
earlier stage in the ripening process than those destined for fresh 
fruit markets. 

Nevertheless,it is true that the flavour, colour and translucence 
of the finished product are of primary importance, and the best 
production regions are those where the fruits retain resistance to 
mechanical processing longest during the fruit ripening period. 
This is true of Hawaii where this particular character is the local 
industry's biggest asset, and means that a high percentage of fancy 
grade whole pineapple slices can be obtained. 

Economic restraints mean it is not feasible to undertake many 
runs when harvesting fruits for canning. In addition, fruits can 
be used for different products depending on their particular stage 
of development, for example overripe fruits can be used for juice. 
Consequently the exact moment when the harvest is carried out 
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is much less significant than for fresh pineapple. 
Due to the correlation between ripeness and physical resistance, 

fruits in different localities or harvested in different seasons can 
be picked at quite different stages of development. 

Usually in regions or seasons that result in fragile flesh, fruits 
should be harvested as soon as possible after 'turning', i.e. when 
yellow pigmentation has appeared on only 1 or 2 fruitlets at the 
base of the fruit if the main objective is slices and transport con
ditions are not very satisfactory. In regions or seasons that produce 
firmer flesh, or when transport conditions are good, or when 
chunks, broken pieces and juice are profitable products, fruits can 
be harvested at a later stage of pigmentation. 

II.11.2.1. 3.- Incidence of different abnormalities. 

Of the main diseases affecting the fruit, two are linked to the 
ripening process, i.e. black spot, which is caused by parasites (cf. 
I.4.2.1.3.1) (photos 58 and 61), and green ripe fruits (photos 45 
and 46), which is a physiological disorder (cf. I.4.1.4.3.4). These 
two anormalies develop extremely rapidly during ripening and are 
most common in large fruits. In areas where they are to be expect
ed, fruits should be harvested at an earlier stage in the ripening 
process. However, harvesting early can only lessen the gravity of 
the disorder. It is most effective in the case of green ripe fruits, 
as the evolution of this disorder stops after the fruit has been 
harvested. It also implies a slight drop in the quality of the fruit. 

In the case of internal browning of the fruit flesh ( cf. I.4. 
1.4.3.5) (photos 43 and 45) prevention depends on the cause. 
If it is due to refrigeration after harvesting, the best way to pre
vent it is to avoid harvesting the fruits when they are in the process 
of •turning' , as this is when they are most susceptible (TEISSON, 
1979 g). If it is due to night temperatures dropping while the fruit 
is still on the plant, it is advisable to bring forward the harvest date 
slightly in order to reduce the number of cycles that cause the 
disorder (GROSZMANN, 1971). 

11.11.2.2.- Shortening the harvest period. 

In spite of the fact that flower induction treatment synchro
nizes differentiation in all plants treated, all the fruits in any given 
plot will not reach the same stage of ripeness at the same time. 
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This is due to differences in weight. Big fruits ripen faster , al
though the change in shell colour lags behind internal ripening. 
One of the major factors that causes this discrepancy is lack of 
homogeneity among the plants at flower induction. 

Narrowing the harvest peak is one of the best ways of reducing 
the high cost of harvesting and also of simplifying work organisa
tion. When fruits are harvested that are destined for export to the 
fresh fruit market (where the optimum harvest period may be very 
short) harvesting can require 5 or 6 runs over an average of around 
20 days if no special operations are required. Fruits destined 
for canning have lower market value and consequently several 
separate harvests are not economically feasible. Each plot is gen
erally harvested twice at an interval of 10 days. 

Narrowing the harvest peak can be achieved by synchronizing 
the colouring process of the skin by treatment with ethylene. 
The effect of ethylene on the ripening process of pineapple has 
been known for a long time (HARVEY, 1928), but its practical 
application was not possible before the appearance of 2-chloro
ethanephosphonic acid or ethephon, a synthetic ethylene generator 
(AUDINAY, 1970 ; ROBERTSON et al., 1971; WEE et al., 1979; 
ABRAMOF, L. , 1979), which is also used for many other types of 
fruit (PECHEUR and RIBAILLER, 1974). 

Acidification of the ethephon solution, which slows down the 
release of ethylene, increases the effectiveness of the treatment 
(POIGNANT, 1970) . Compounds that release hydrocarbon abrupt
ly do not have any effect (TEISSON, 1979 b) . 

In contrast with flower induction, prolonged contact with small 
quantities of ethylene may be exactly what is needed here. This 
hypothesis would explain why identical applications of ethylene 
to those used for flower induction are not effective (cf. II.10). 

Ethephon's main effect is on the disappearance of chlorophyll 
in the skin with a resulting increase in the speed and homogeneity 
of the colouring process from the bottom of the fruit to the top. 
Fruits that have been treated are easily recognisable due to the 
homogeneous colouring of the shell and also to the fact that the 
yellow colour first appears in the centre of the fruitlet. Ethephon 
also promotes the synthesis of shell pigments, which then have 
a characteristic reddish-orange tint, and of pigments in the flesh 
(AUDINAY, 1970), though the latter effect is not always visible 
(ROBERTSON and DALLDORF, 1974). 

Homogenization of the colour of the shell means the fruit is 
more attractive to the consumer, and also implies an increase in 



PREPARATION OF THE FRUIT-HARVEST 411 

the number of coloured slices obtained in the canning process. 
Other fruit characters are modified only slightly and their evolution 
while the fruit is still on the mother plant can even be slowed down 
(POIGNANT, 1970 and 1971). 

The earlier the treatment is carried out before fruit maturity on 
the plant, the higher the effective rate and the greater the delay 
in response (cf. table 57). If treatment is carried out too early, the 
fruits may be harvested unripe, even though the appearance of the 
shell indicates the contrary. The fruits will then be of mediocre 
quality CROCHON et al., 1981). Not only will filling be incomplete 
but also the accumulation of sugars, which is most intense during 
the final stages of ripening. The flesh will be poor in sugars, hollow, 
and in extreme cases, there can even be a reduction in fruit weight 
(ROBERTSON et al., 1971). Total acidity will be too high because 
the fruits have been harvested during peak acidity, which occurs 
before the stage when the fruits are usually harvested (cf. I.3.5.2) 
and furthermore, peak acidity will actually be increased ( cf. fig. 
72). The sugar - or Brix - acids ratio, which has a significant influ
ence on organoleptic characteristics, is very low (cf. I.3.5). Trans
lucence is also unsatisfactory. 

When treatment is carried out closer to natural maturity, all 
these undesirable characteristics are less marked . Pineapple des
tined for the fresh fruit market should be treated just before 'turn
ing' of the first fruits in the plot to be harvested. The date of 
treatment cannot be calculated according to the length of the 
period since flower induction) due to the marked variations in the 

TABLE 57 . Effect of treatments with ethephon on fruit harvest (Martinique, 
AUDINAY, 1970) . 

Da te in da ys with r espec t t o 1 s t ha rvest of c ontrol 

1 s t frui t s 50 % of fruits 98 % of fruit s 
har ves ted harvested ha rveste d 

Cont rol 0 14 24 

Treat . onD = - 20 
Et h r e l I kg a . i. /ha - 7 5 13 

2 k g - 7 - l 8 
4 kg - 10 - 4 8 
6 kg - 10 - 4 6 

Tr eat . o n D = - 7 
Ethre l 1 kg a . i. /ha - 4 2 13 

2 k g - 4 0 7 
4 k g - 6 0 3 

6 k g - 6 - 1 3 

Tre a t . on D = - 3 
Et hre l 1 kg a .i./ha 0 4 11 

2 k g 0 3 7 
4 k g 0 3 7 
6 kg 0 2 7 
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speed of development of the fruit that depend on climatic condi
tions. Rates of 1 to 1.5 kg of a.i./ha in 2 to 3,000 1 of water are 
sufficient to ensure satisfactory shortening of the harvest period. 

Pineapples destined for the cannery are usually harvested at an 
earlier stage of development and should be treated in the same 
way , but a week or 10 days before the theoretical harvest date. 

A thorough knowledge of seasonal variations in the interv~ 
between flower induction treatment and harvest is required in 
order to ensure effective use of the product, as is accurate apprais
al of the final stages of development of the fruit in the field. Once 
the technique has been perfectly mastered, it is possible to wait 
until all the fruits in the plot are coloured and then harvest them 
all at once (TISSEAU, Renee, 1973). This is of particular value 
for the harvest of the ratoon crop, which is difficult because of 
entangled plants and fallen fruits. When several runs are needed 
to harvest all the fruits , it is impossible to avoid knocking them 
during the course of the first runs. 

Under certain conditions, however, harvesting is carried out 
before the shell has completely coloured, as this is linked to brown
ing of the flesh , which appears to be caused by overripeness (in 
the east of the Ivory Coast). In this case fruits are harvested after a 
fixed interval that is determined by the stage of development of 
the plant when ethephon is applied. 

Ethephon can be applied as an overall spray or application can 
be limited to the fruit, which reduces the total quantity of prod
uct required , to a certain extent. As is true with other types of 
fruit , treatment is less effective when the weather is hot and dry . 
Sometimes the crowns wither, and this is not always to be as
cribed excessive or badly placed applications. 

When shoots on the mother plant are well developed, there is a 
more than negligible risk of inducing flowering of the shoots and 
consequently too small ratoon crop fruits. This risk can be reduced 
by lower rates of ethephon or alternatively acidifying the solution. 
In this case ethephon is released too slowly to induce floral dif
ferentiation (cf. II.10). 

Ethephon has advantages (shortening the harvest period, im
proving the colour of the skin, increasing the number of coloured 
slices) but also disadvantages if it is used too early. Although it 
means the harvest can be advanced slightly, trying to bring it 
forward too far to try and counteract too fragile flesh or to avoid 
disorders such as black spot and green ripe fruits inevitably results 
in a marked deterioration in the other characters that go to make 
up fruit quality, in particular in the Brix/acidity ratio. 
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The use of ethephon calls into question the validity of existing 
methods of classification of fruits according to the colour of the 
shell, as this is based on the natural colouring process. 

11.11.2.3.- Organisation of the harvest. 

When organising the harvest, the fragility of the flesh and the 
need for rapid transport to the cannery must be taken nto ac
count. 

Fruits destined for the fresh fruit market have to be handled 
with extreme care, as the interval between harvest and consumption 
is much longer than for fruits going to the cannery. Even slight 
bruises have time to develop and can lead to the total loss of the 
fruit, even when secondary infection is not involved (cf. 1.4.2. 
1.2 .1 ). Preventive treatment against Ceratocys°tis is always advis
able, followed by refrigeration if required. The fruits should be 
sold as rapidly as possible to ensure they are consumed in peak 
condition (cf. III.1.1.2). 

In the case of pineapples used for canning, the speed with 
which processing takes place is a determining factor in profitabil
ity (cf. III.1.2.3.6) . If there is no delay before processing, fruits 
that have been slightly bruised can still be used. 

Several other specific factors may also have to be considered, 
i.e. exact stage of development at which fruits should be harvest
ed for export fresh, the volume of fruits to be handled and pos
sibly the recovery of crowns, from fruits destined for canning, for 
use as planting material. 

11.11.2.3.1.- Pineapples for the fresh fruit market. 

Fruits for sale fresh are always harvested by hand. The sim
plest method is to hold the fruit by the crown and snap it off 
the fruit stem by bending it sideways sharply. Where export speci
fications ( determined by the method of treatment for Ceratocys
tis) require a portion of the stem to be left on the fruit, it must 
be cut with a knife., 

The fruits can be transported to the side of the field either by 
hand or using agricultural equipment. If the job is done manually, 
it is generally not done by pickers. It can either be carried out 
immediately or a short time later. During the waiting period, the 
fruits are placed on top of the plant. They are then carried in 
special holders worn on the back, or in baskets or crates carried 
either by hand or on the head (photo 150). If fruits are not carried 
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in special holders, too many fruits should not be transported 
at once and they should be carefully packed to prevent jolting. 
Tracks can be made at right angles to the rows of pineapple plants 
to shorten the distance the porters have to walk from the centre 
to the edge of the plot. There should be minimum handling be
tween picking and loading onto trucks. Ideally porters should load 
the fruits straight onto the truck or other means of transport 
rather than leaving them on the ground even for a short period of 
time. 

On highly mechanized plantations where the ground is flat, 
fruits are transported directly from the field to trailers by means 
of endless conveyor belts. The belt is supported by a lateral ramp 
half the width of the plot in length. It is suspended just over the 
top of the plants by a vehicle that moves along the track at the 
same speed as the pickers, who walk along behind the conveyor 
removing the fruits and placing them on the belt. These 'harves
ters' , which in reality are only transporters used for the removal 
of the fruits, were first introduced for the harvesting of pineapples 
for canning in Hawaii. However, since they can move forward at 
very low speeds, they can also be used for pineapples for export to 
the fresh fruit market if the fruit flesh is firm enough to with
stand such treatment. This will depend on local conditions. Several 
different models are available, some powered and some trailed. 

Conditions of transport between the field and the cannery 
are of utmost importance and bulk transport is to be avoided at all 
costs. 

The fruits are placed either horizontally in special padded 
holders (photo 151) or packed vertically in boxes that may or may 
not be the same as those used to transport them out of the field 
(photo 152), and then loaded onto specially adapted trailers (photo 
153) , or into b~ns. In the latter case the fruits are carefully arranged 
upside down standing on their crowns in three layers. All these 
operations are carried out mannually and are consequently ex
tremely labour-intensive. 

Jl.11 .2.3.2.- Pineapples for canning. 

The procedure used is similar to that for fresh fruits except 
that in this case the fruit is always removed from the peduncle. 
The fruits can be carried to the side of the field in sacks or baskets 
(photo 169) as there is no need for special holders. 

Except where fruits have to be transported long distances, 
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they can be transported in bulk in trailers; however, they must not 
be packed to a total depth of more than 60 to 80 cm, or the fruits 
underneath will be crushed. 

Different types of 'harvesters' (photos 170, 171, 173 and 
174) use different methods of ensuring the fruits are evenly distrib
uted in the trailer - downward sloping conveyors or trailers with 
moving floors. 

Plantations growing pineapples for canning usually have large 
areas under cultivation and the number of vehicles and road main
tenance required to provide satisfactory transport involve consid
erable expense. 

Crowns ,should be removed by bending them sideways without 
twisting, as this always leaves fragments of flesh attached to the 
bottom of the crown that can subsequently lead to rot (cf. I.4.2. 
1.2.1). This can be done when the fruits are harvested. The crowns 
can be left on top of the plant or at the side of the field for imme
diate transport to the planting area. 

Alternatively, the crowns can be removed but transported with 
the fruits to help absorb shocks during transport, and subsequently 
separated from the fruits by mechanical blowers at the cannery. 



PHOTO 158 - Reducing the crown by destruction of the 
terminal meristem - Ivory Coast. (By permission of Py) . 

PHOTO 159 - Protecting fruits against sunburn by tying 
the leaves together above the crown - Ivory Coast. (By 
permission of Guyot). 

PHOTO 160 - Protection against sunburn using paper, a 
technique practised in South Africa and Brazil in partic
ular. 

PHOTO 161 - Protection against sunburn by bringing the 
ends of the longest leaves above the centre of the plant by 
means of interlacing strings that extend the length of the 
row. (By permission of Py) . 



PHOTO 162 - Sets of balances are used 
to sort by weight fruits destined for 
export to the fresh fruit market. (By 
permission of Guyot) . 

PHOTO 163 - Automatic weight sorter -
Ivory Coast. (By permission of Artphot, 
Paris) . 

PHOTOS 164 and 165 - Fruits are placed on the 
balance , then slide down into bins corresponding 
to their respective weights - Ivory Coast. (By permis
sion of Guyot and Letorey) . 



PHOTOS 166, 167 and 168 - Harvesting and 
loading Perola fruits in Paraiba (Brazil) for 
transport by road to big urban centres in the 
south of Brazil at a distance of several thou
sand km : Rio de Janeiro and Sao Paulo. (By 
permission of P:y) . 



PHOTOS 170 and 171 -
Harvesting machine in Mar
tinique and Hawaii. 

PHOTO 1 72 - Unloading fruits into tanks on recep- ' 
tion at the cannery in the Ivory Coast . 

PHOTO 169 - Fruits destined for canning 
being harvested by hand. 



11.12 · FIRST RATOON CROP AND SUBSEQUENT CROPS 

The first ratoon crop is obtained by leaving the suckers to de
velop on the mother plant after the first fruit has been harvested 
(photo 176). 

In all cultivation systems, from the most primitive to the most 
sophisticated, there is always a temptation to have several suc
cessive harvests , as in fact is theoretically possible. In nature, it is 
common to see abandoned plants with a succession of stems from 
preceding generations. Most natural situations show that the root 
system more or less disappears when the fruit is ripe and cannot 
provide sufficient anchorage for the plant in the soil, which con
sequently falls over on its side onto the ground. Sucker often 
grow in ideal positions to ensure the growth of a new, independant 
root system and so the process goes on. 

Since the aim is to produce a marketable fruit , the plant must 
be prevented from falling over in order to protect the quality of 
the fruit (sunburn, rots , etc.), and also because it is known that the . 
physiological activity of the root system is a precondition for 
productivity . However , if the plant is prevented from falling over, 
the suckers cannot develop their own root systems and thus become 
independant, ( except in the case of underground suckers which 
occur frequently in certain CVs) . Consequently, the suckers are 
obliged to make use of reserves in the mother plant, particularly 
those found in the stem, but these reserves are not sufficient to 
ensure satisfactory growth of the daughter plant together with its 
fruit. The roots of the mother plant must continue to .function for 
a much longer period than when the sucker develops its own root 
system (natural conditions) , or when only one fruit is required for 
market. 

Thus, the first ratoon crop is not merely a continuation of the 
plant crop. Planting density is known to affect the growth of shoots 
(particularly of suckers) more than the weight of the fruit. Opti
mum density depends on climatic characteristics, cultivation 
techniques and the CV concerned. A-s far as competition between 
plants is concerned, the use of clones is the best way of attaining 
homogeneity within the plot. Hardy CVs (resistant to parasites, 
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well-adapted to the physical environment,etc.) that produce several 
suckers at an early stage of development are most likely to ef
fectively produce several successive harvests. These criteria are 
important in the creation of programmes for the improvement 
of varieties. 

11.12.l.-PROFITABILITY OF THE FIRST RATOON CROP 

The advantage of first and subsequent ratoon crops is their 
reduced cost. All work connected with planting is eliminated. 
However, the yield obtained must be satisfactory without too 
great an increase in the cost of the plant crop. 

It is often estimated that the reduction in yield equals the 
reduction in cost. This does not suffice to increase total profits 
(plant crop plus ratoon crop). The ratoon crop must ensure in
creased profitability for the crop as a whole. 

The period of soil occupation for the ratoon crop is generally 
shorter than that of the plant crop, thus a reduction in yield (fre
quent in the case of Smooth Cayenne), can be tolerated in return 
for an optimization of soil occupation, and the reduction in cost 
and in the length of the cycle can justify the production of a 
ratoon crop despite the reduction in yield in comparison with the 
plant crop. In practice, in the case of Smooth Cayenne, the re
duction in yield is not more than 20 %. In Hawaii under particu
larly favourable conditions, there may be no reduction in yield 
at all (MARZOLA and BARTHOLOMEW, 1979). When other 
CVs are used, ratoon crop yields are frequently higher than those 
of the plant crop (particularly with CVs of the Queen and Spanish 
groups). 

With Smooth Cayenne, marketable yield decreases faster 
than gross yield, as there is often a higher percentage of small 
fruits that do not conform with canning or market standards. 

In short, homogeneity of all the fruits in the plot is a precon
dition for the profitability of the first ratoon crop and possibly 
of subsequent ratoon crops. 

Nevertheless, in certain specific economic circumstances, a 
certain degree of heterogeneity may be acceptable. In this case, 
flower induction is carried out by individual selection of suffi
ciently developed shoots (WEE, 1969). The harvest will inevitably 
be spread out over a long period of time and consequently it will 
only be possible to harvest fruits manually. 
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11.12.2.- HOW TO ACHIEVE SUCCESS WITH 
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Success naturally depends on the potential of the suckers to 
emerge and develop. This in turn depends on the nutritional status 
of the mother plants when the fruits are harvested, and on the 
capacity of the root systems to draw water and nutritive elements 
from the soil. But considering heterogeneity always goes from 
bad to worse rather than the reverse, the success of the ratoon crop 
also depends to a large extent on factors that can modify the ten
dency to increased heterogeneity. 

The factors in question are the same as those that affect the 
plant crop, but in this case they act slightly differently. 

Physical factors (heterogeneity of the soil, unsatisfactory 
drainage) generally become apparent during the course of the 
plant crop cycle and their impact remains approximately the 
same for the ratoon crop. 

Biological factors (parasites, certains weeds) inevitably play a 
more important role in connection with the ratoon crop. Infesta
tion is almost certainly greater when the fruits are harvested than 
when the shoots are originally planted, assuming there is poti
mum control of potential initial infestation. Consequently the 
development of parasites is gfmerally more rapid during the ratoon 
crop cycle than during the plant crop, particularly since control is 
more difficult and less effective due to the mass of vegetation. 
This is basically true in the case of chemical control, the reverse 
may the case where biological methods of control are used, howe
ver these are as yet only rarely practised. 

Moreover1 the rate of parasitism does not only become apparent 
during the ratoon crop, which can be a means of further dissemi
nating parasites initially introduced with the planting material 
(Fusarium and mealy bugs, cf. I.4.2.1.2.2. and I.4.2.2.2.). Conse
quently control of parasites during the plant crop cycle must be 
much stricter if a ratoon crop is envisaged. The aim is to maintain 
infestation at a sufficiently low level to prevent multiplication 
and spreading, particularly at certain critical stages such as the 
emergence of the inflorescence and flowering. 

One further factor must be added to the list: the narrowing 
of the harvest peak of the plant crop~ i.e. the success of flower 
induction and the absence of premature flowering. In fact this is 
probably the most important point of all, since the development 
of suckers is generally linked to that of the fruit. If the plant 
crop harvest is spread out over a long period, the result will inev-
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itably be marked heterogeneity in the growth of suckers and con
sequently of the following fruits, if flower induction is carried out 
in a single operation. 

11.12.3.- INCREASING HOMOGENEITY 

The saying goes that a good plant crop harvest is a precondi
tion but not a guarantee for a good ratoon crop. This implies the 
ratoon crop is being prepared throughout the plant crop cycle. 
When partial failure occurs, some rectification is possible, but only 
if measures are taken as soon as the plant crop harvest is over. At 
this point, the plants have usually suffered from rough treatment 
during harvesting, the soil is partially uncovered and the suckers 
have not yet reached an advances stage of development. 

This is the time to control weeds, , such as vines, which have 
been able to development despite the fact the soil is convered by 
the pineapple plants (cf. Weed control, II.9.4). Other less powerful 
and cheaper herbicides can be used if conditions permit. 

Although root growth at this stage is not well known, it is 
probably less active than when the plant is younger. Thus, the 
healthy condition of the roots gains in significance. Preventive 
control of nematodes and symphylids (cf. 11.5.4 and II.5.5) is 
required to ensure satisfactory root activity. In the Ivory Coast 
(PINON, 1981 ). current experiments show that the application 
of 0.3 g/plant of phenamiphos after the plant crop harvest, in
creases the mean weight of the fruits. However, it is possible that 
phenamiphos has other effects in addition to that of a nematoci
de. Use of this particular nematocide has rendered a ratoon crop 
economically feasible under conditions in the Ivory Coast (LA
COEUILHE, GUEROUT, 1976). 

In the case of mealy bugs, this is the moment to apply a dress
ing of granulated disulfoton before continuing with standard 
treatments and ant control (II.9.7). 

Finally) increased homogeneity can be achieved by careful 
selection of suckers. However, the operation should not be too 
radical. It basically consists of removing suckers in unfavourable 
positions (risk of lodging). It can, incidentally, be used to compen
sate for a temporary shortage of planting material. The best time 
to do it depends on conditions that govern the development of the 
suckers, but it should not be too late to avoid creating a further 
source of heterogeneity. Profitability will depend on the cost of 
labour (10 to 15 days/ha in Martinique, 1981) and on the market 
value of the fruits. Agronomic conditions are too variable to allow 
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measures to be taken to specifically increase the percentage of 
marketable fruits. This operation is not widely practised, as it is 
impossible to correct advanced heterogeneity caused by more 
fundamental influences (other limiting factors). The number of 
fruits harvested is not greatly influenced, since the number of 
suckers at flower induction mainly depends on climatic conditions 
( competition for light). There are generally around 70,000 plants/ 
ha, thus initial planting density should be sufficiently high, taking 
into account the specific characteristics of the CV concerned. 

II.12.4- OTHER TASKS TO BE CARRIED our DURING 
VEGETATION 

If all the above-mentioned basic conditions have been fulfilled, 
the remaining tasks are similar to those required for the plant 
crop. Unless profitability is jeopardized, additional treatments 
for the control of weeds and root parasites are not usually carried 
out, untess a second ratoon crop is envisaged. However, in regions 
where mealy bags are a serious problem, treatment must be con
tinued as before. 

Fertilization can be reduced considerably. Ratoon crap fruits 
are said to have higher Brix and higher acidity and increased pig
mentation; priority is thus given to nitrogen fertilization (TEIS
SON, 1979b). Rates used are usually 60 % of those used for the 
plant crop. The K20/N ratio can be reduced, and potassium can be 
decreased to the same extent. 

Ethephon can be used to homogenize the colouring process 
of the fruits , which is more irregular than in the plant crop ( cf. 
II.11.2 .2.) . In this case,,suckers that do not flower cannot be used as 
planting material, but all the fruits can be harvested at once. 

11.12.5.- PLANTATION MANAGEMENT (see also 11.4). 

The cultivation of a ratoon crop alters the organization of the 
plantation as a whole. Whereas large machines are not necessarily 
required for a single harvest, they are often indispensable once 
production goes beyond a certain limit. This is particularly true in 
regions that are constantly hot and wet where plants tend to fall 
over, since high clearance sprayers cannot be used. Sprayers with 
lateral booms and 'harvested ' often become necessary. If this 
type of equipment is already being used for the plant crop, it will 
clearly be even more cost-effective in the case of a ratoon crop. 



422 CULTIVATION 

The first ratoon crop results in differences in the phasing of 
crop cycles. The ratoon crop cycle is shorter and soil occupation is 
continuous. This can cause problems in connection with planning 
production, the use of labour, the use of equipment and planting 
dates. The ratio of land cultivated under plant crops and ratoon 
crops should remain relatively constant, which implies ratoon 
crops must be produced quite regularly. 

With a ratoon crop, replanting is less frequent. More crowns 
will be available as planting material, but fewer suckers. Ratoon 
crop crowns are often smaller and have to be planted separately, 
but they produce good results. Nevertheless, recently set up plan
tations faced with high investment costs will not be able to make 
a profit on a ratoon crop if the purchase price of planting material 
from elsewhere is too high. 

Except under certain conditions, ratoon crops cannot be used 
for the sale of fruits to the fresh fruit market complete with crown 
because few shoots are produced and the cost of protecting the 
fruits against sunburn is high. 

Although a ratoon crop can mean a considerable increase in 
the profitability of pineapple cultivation, it also implies intensive 
cultivation methods. More or less extensive cultivation methods can 
only be envisaged in regions where parasitism is not a major preoc
cupation, or when CVs other than Smooth Cayenne are used 
that are better suited for successive crops without replanting. 



II.13.- VEGETATIVE MULTIPLICATION 

11.13.1.- PRODUCTION OF SHOOTS 

When pineappies are produced for sale fresh complete with 
their crown, the only planting material available will be suckers 
and slips. However, the number of slips produced by CV s of the 
Cayenne group is relatively small, especially when the cycle is 
short. Where pineapples are grown for canning, there will be more 
slips, and, in addition, crowns will be available for use as plant
ing material in sufficient numbers, particularly in the case of 
ratoon crops. In these circumstances, crowns are the commonest 
type of planting material, but slips are sometimes needed when 
there is no ratoon crop, or chen new fields are to be planted, 
or when local conditions result in crowns that,are too small to be 
satisfactory planting material. In this case, as in the case of tne 
production of fresh pineapple, the production of suckers is indis
pensable. 

The speed of development of shoots on the mother plant 
depends on the particular CV and on environmental conditions, 
especially climate and parasites, but is generally not rapid enough 
to allow even the best -developed sucker to be used as planting 
material by the time the fruit is harvested . Consequently,develop
ment must continue on the mother plant until the suckers are big 
enough to be harvested and planted. In these circumstances. in 
addition to the two main stages in the development of the plant 
(the vegetative stage and fruit development), there will be a fur
ther phase during which the suckers complete their development. 
Negligence during this phase will have serious consequences, for 
it is the care that is provided at this time that determines the 
quality of the future planting material and thus of future crops, 
and, in addition, at least partially determines the healthy condition 
of the plot at replanting. 

The principles involved are identical to those required for a 
ratoon crop (cf. II.12) , the initial objective being the same, i.e. 
the rapid growth of abundant, healthy suckers. 

Satisfactory production of suckers can only be achieved if 
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care has previously been taken to ensure adequate mineral nutri
tion and particularly a healthy root system on a well-developed 
plant, so that root activity can continue satisfactorily after the 
fruit is harvested. 

Treatments to be considered are: weed control, control of 
mealy bugs and ants, and possibly of nematodes, and the appli
cation of fertilizer ( cf. Plant protection Ii.9 and Fertilization, 
II.7.4). 

The first task is generally the application of herbicide, with 
preliminary hand weeding where necessary (cf II.9.14.2.2.). 

Next, the leaves of the mother plant can be moderately trim
med. When done manually, this will require 6 days/ha, but it can 
also be done mechanically with a mower mounted at the appro
priate height. It provides mulch between the rows, which reduces 
water loss from the soil, but in fact the main advantage is that it 
allows the shoots to develop better where availability of light 
has been a limiting factor (COMBRES, 1978), and incidentally 
facilitates harvesting the shoots. 

Only the main fertilizing elements, nitrogen and potassium, 
are required at this stage and since fruit quality is no longer a 
concern, the ratio of K20/N can be reduced. Nitrogen should 
not be supplied on its own, as this results in slender, fragile shoots 
of mediocre quality. Fertilizer can be applied in solid form in 
the leaf axils or as an overall spray. Spraying is preferable as it 
means treatment for the control of mealy bugs can be carried out 
simultaneously. This treatment is very important as it limits the 
level of infectious inoculum in the old plants and in the plot at re
planting, as well as in the shoots to be harvested (cf. 11.9.7) . 

If treatment is carried out at this stage, the shoots will be less 
infectious when planted. This means the application of insecti
cide can be delayed and the shoots do not have to be dipped, 
which is a cumbersome, costly, dangerous and not especially ef
fective method of control (cf.Il.9.7). 

Suckers are harvested using the technique described in Il.6. 
as each individual sucker reaches the required stage of develop
ment. In the Ivory Coast, depending on the time of year, a period 
of from 3 to 7 months is required after the fruit is harvested to 
obtain one sucker per plant (LACOEUILHE and KOUASSI, 1976). 
Figure 7 3 gives an example of the development of sucker produc
tion in the Ivory Coast (COMBRES, 1978). 

It is interesting to note the longer period needed for suckers 
to reach the required size and also the decline in production when 
the mother plant becomes too old. 

Depending on the number of suckers required and also on 
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2 3 4 5 6 
Months after fruit is harvested 

Figure 73 • Production of shoots. Number of suckers weigh
ing 400g harvested after the fruit has been harvested in the 
Ivory Coast (COMBRES, 1978). 

environmental conqitions, the sucker development phase may 
last from 6 months to nearly a year, which implies immobilizing 
the plot for a relatively long period. Consequently., increasing 
the speed of sucker development through genetic improvement 
is an important objective. 

11.13.2.- ACCELERATED MULTIPLICATION 

When new fields are to be planted or a change in CV is en
visaged, more rapid methods of multiplication may be required. 
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This can be problematic if CVs are being used that give the best 
results, as these generally only produce few shoots and occasional
ly none at all. With Smooth Cayenne it is difficult to obtain more 
than 2 shoots/plant with traditional methods, or 4 by prolonging 
the production phase. This rate of multiplication is too slow and 
special techniques are needed. The majority of these methods 
are aimed at inducing development of the biggest possible number 
of axillary buds. 

11.1,3.2.L;- Multiplication through destruction of the terminal 
meristem. 

Destruction can be achieved either by removing the inflores
cence as soon as it appears, or better yet even earlier, by rotating 
a metal rod driven deeply into the heart of the plant (KAPLAN, 
1976 b). The earlier destruction is carried out, the more the shoot 
production phase can be prolonged. Flower induction treatment 
2 or 3 weeks before the projected date causes the meristem to 
grow upwards, making it more easily accessible. This technique 
can be used in nursery beds with high planting densities where 
special care can be taken of the plants. In the Ivory Coast, PINON 
(1981) obtained 6 shoots of 100 g each,a year after planting,and 
3 additional shoots per plant during the 6 months that followed, 
using suckers weighing 400 g planted at a density of 100,000/ha. 
These had received flower induction treatment at 2 1/2 months 
and their terminal meristems had been destroyed at 3 months. 
If the shoots are harvested when they weigh between 4 and 500 g, 
this number must be divided by 3. It can thus be seen that a bud 
undergoing development exerts dominance over other buds and it 
is only possible to favour either weight or the number of shoots 
produced. In areas that are sunnier than the Ivory Coast, the 
density of nursery beds can be increased. 

11.1'3.2.2. - Multiplication by dividing the stem into portions. 

This is the oldest known technique (WALTERS, 1932) and 
many studies have been made on the subject (WANG etal , 1958); 
PY and ESTANOVE, 1963; GATTON!, 1961 ; BORJON PORCA, 
1967; KOTALAWALA, 1971; STAMBAUCH, 1971; PY, 1979 
and 1981a) as well as of variations in its practical application. 
The most frequently used procedure is to remove the leaves from 
old pineapple stems and cut the stem into pieces. These are then 
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planted to induce development of the axillary buds they contain. 
By cutting the stem into cylinders 3 cm long, and dividing each 
portion into 4 to 8 segments, 50 pieces can be obtained from 
each original stem. High density nursery beds can produce 500,000 
young plants/ha. The young plants can subsequently be planted 
out at a lower density to accelerate growth, but development is al
ways slow. Four months after planting, the plants only weigh 20 g 
(POIGNANT, 1969), and a further period of 8 months is required 
to produce a shoot comparable with traditional planting material. 

Suckers and crowns can also be split up by cutting them lon
gitudinally into 4 to 8 segments without removing the leaves 
(EVANS, 1952; GUYOT, 1963; SINGH and YADAV, 1980). More 
sophisticated procedures based on the same technique and using 
crowns and slips produce explants consisting of a fragment of 
stem, a single leaf and its corresponding axillary bud, which are 
then cultivated (ROCHELLE et al., 1967; SU-SHIEN, 1968; SEOW 
and WEE, 1970; LEE and TEE, 1978). 

Using a crown with approximately 100 leaves, 40 to 70 buds 
can be removed, of which approximately 70% will develop. The 
young plants obtained in this way can again be split up to increase 
the rate of multiplication. Using this technique, LEE and TEE 
cultured the 4 shoots obtained from one adult plant and obtained 
800 young plants in 7 months. Shoots that are produced subse
quently can be removed as soon as they reach the required stage 
and a callus will form that differentiates new buds. 

This procedure resembles in vitro culture (cf. I.2 .3.4) and 
advanced horticultural techniques are required, i.e. heated green
houses, sterilized substrate, irrigation, many plant protection 
treatments, frequent spraying with fertilizer at low rates, etc .. 
The same type of approach, though in simplified form, must be 
used for all multiplication procedures based on division of the stem. 

II.13.2.3.- Multiplication using chemicals. 

SANFORD and RA VOOF (1971), were the first to show 
that application of chlorflurenol could induce increased pro
duction of slips. Their studies were confirmed by WATSON (1974), 
KEETCH and DALLDORF (1977) and GLENNIE (1981b) . 

Chlorflurenol should be sprayed shortly after flower induc
tion at rates of up to 400 ppm in 3,300 1/ha. The number of slips 
and their position depends on the exact date of application and the 
amount used. A large number of slips can be produced from the 
fruitlets, which then become in visible. If this it the case, the slips 
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will not become very big. Up to 30 slips can be obtained per plant, 
but they will only weight around 60 g. However, GLENNIE (1981b) 
obtained 10 slips/plant weighing an average of 200 g by applying 
12 mg a.i./plant 1 week after flower induction. Results are medio
cre when BOH or ethylene are used for flower induction, but are 
more satisfactory with SNA. 

The fruit is seriously affected by the treatment, and in spite of 
all efforts to the contrary, the fruits are unusable after treatment 
with chlorflurenol. Consequently, it should only be used in special 
plots reserved for the production of shoots. It is also advisable 
to use it on plots where a ratoon crop was originally planned, 
since slips would then be produced at the expense of a ratoon 
crop rather than of the plant crop, and this is financially more 
acceptable. 

Another growth regulator, dikegulac, has also been shown to be 
effective with ornamental Bromeliaceae (MEKERS and THOMAS, 
1980), · but has yet to be tried on pineapple. Applied at 5 g a.i./1, 
it induces the development of several axillary buds, but has a 
strong inhibiting effect on the development of the terminal meri
stem in both the vegetative and flowering stages. 



APPE NDIX I - TABLE 58 - Abno rmaliti es affecting the fie l d as a wh o le - Pred iagn osis based o n t he general vege t at i ve appearance o f the f ield (cv Smoot h Cayenne) 

• Fidd a ffected homogenous l y (nea r l y eve ry p lan t in t he fi e ld i s a ffec te d ) 

' , narrow - errec t , - spiny, ye ll owi sh, s low em iss ion rate o f 
le ave s (a ll t hese symptoms are typical o f abnormall y s l o \v 
qrowth) 

f1eavcs : 

"l fruit s : sm a ll , prom inen t frilill e ts, whiti sh and ac i d fl esh 

' . ' ._ }(,aves : - usual s ize, - normall y erect , - normal emi ssion rate 

lmt • ' - ye ll owi sh colour (whol e bl ade o r spotted) 
t - d ry ing o f ends 

reddi sh 

Like l y o rigin of abnor mali t y 

0 m inera l o r \Vater defic iency 

Pr i mary o ri g in 

' 
: • insufficient suppl y of nutr ients and/or 

wate r . 
: -+ de fi c ien t root system due to one or more 
: the followi ng : 

- roo t s do not e xpl o r e the soil deep! y 

enough ( in suffi c ien t tilling) 
- r oot s damaged by : 

. excess wa ter 

. pest s (nematodes, symphyli ds, 
l a rvae of coleopte r a , e t c .. ) 

. fun gal attacks ( Phytophtho r a sp . , 
Pythiu m sp . ) 

0 
m ine r a l deficiency o f one or more 
e lements (see ne xt table) 

0 excess solar radiati on 

A near l y ever y p lant in the fi e ld affected by - -----·--------·1 0 Phytopht hora spp. rot (c f. be low) 

• Pat c hy he teroqe nity (a r eas o f s l ow g r owth and/or ye ll owish
reddi sh colour c lose to areas of normal g r owth and/or green 
\olou r ) . 
- - li nked to the topogr a phy 

- ~ li nked to phys ica l na ture of the soil ( leaves are reddish in------ --· 

;olou r ) 
- - li nked to the passage o f machiner y used fo r p rotec tion and 

c lean ing of the planta ti ons (foliar chl orosi s and burns at base·-----

of lenf) 

- appa r en tl y not li n ked to above mentioned factors - - - - - - - --· - - - - - -
- s triped leaves 

0 locali zed excess o f wa te r (ofte n with a pu \l u lation o f sym phylids mai n l y in 
low land s) 

0 localized water deficien cy (mai nl y i n shallow, gravit y o r ve r y c layed soils 
.. . e x . : on te rmitar y) 

0 excessive amounts o f pes ti c ides or fe rtilizers ( localised main l y on s lopes, 
head lands and turning area) 

0 locali zed par as i tism o f r oot s : nematodes, symphyli ds ... 
0 sea spray 

See parts I and II and photos 

Page N°, Photo ( P . ) N° 

133- 136, 162-167 

146-149, 163 

146-149 

174-175, 241-242, P . 76,77 
252-253, 262-263, P . 81,83 

196- 1 97, 204, P . 48 

137- 138 

196-197,P . 47 

146-149, 204, P . 80 

133-135 

P.141-148 

241-242, 252-253, P . 76-79, 
P. 80-83 
139, P . 42 



• Heterogenity between individual plant s 
(sometir'nes closel y grouped plants are concerned) 

-

0

death o f young plants shortl y after plan ting-------- - -·- - --- - - - -- - -- ---

- del ay in the start of growth of the shoot ( leaves reddish yellow)-----· -

- discol ouration then rot of the leaf bases of the rosette of leaves-- - - - -

- constr iction o f the stem and new foliar emission in the hear t 
of the rose tte 

- curve of pl ants 
+ 

e Ieaf colour - normal-·- ·----- --- -----·----·- - -------

A holes inside the fruit, often no crowns- ---- - --

• yell owish leaves or leaves with yell owish spots- - -- -- -1 

- quick wilti ng ( reddish leaves, ends curved toward the soil , 

Likely origin of abnormality 

~ 0 Ceratocystis paradoxa (Thii:laviopsis) r ot 
t O Phytophthora spp . rot (may occasionally affect the whole field: cf. above) 

0 base rot - Ceratocystis paradoxa (Thiel aviopsis) usually r enewed growth 
after r ecovery 

0 Wilt disease caught on the motherplant ( cf. Pseudococcus brevipes or 
P. neobrevi pe s) 

O earl y massi ve a ttack by symphylids 

0 Phytophthora spp. rot ( see following table) 

0 shoot stor ed for too long 

! 
0 physi cal damage to the terminal meristem or along the stem ( caused by tool s 

or insect pes t s) 
0 damage to t he s tem caused by fungus (Ceratocy.Sti s paradoxa (Thie laviopsis), 

Fusarium moniliforme var . subgluti nans . . . ) 

0 yell ow spot vi rus disease 

0 zinc deficiency 

curli ng of the leaf border , dqr fruit, prominent fruitlets, flesh-------1 0 Wilt disease 
whi te and acid) 

- browning/rot of the base of leaves . - - - - - -
0 bur ns ( caused by a too high concentration of fertilizer or pesti cide - see 

following table) 

See parts I and II and photos 
Page NO, Photo (P.) NO 

205-206 1 P .52 
196-197 1 P.47,48 

205-206, P.52 

230-233, P.66 

252-253, P . 80-83 

196- 197 , P. 48, 49 

320-321 

P. 148 

205-206, P . 52 
209-210, P . 54 

227-228 , P . 74 1 75 

166, P.40 

230-233, P . 66-69 

P .1 42-148 



APPENDIX 2 - TABLE 59 - Diarnosis of leaf and root abeormalities (cv Smooth Cayenne) 

~ 1 Abnormalities 

+ + + + 
- Narrow - e r ec t - , - spi ny, - ye llowi sh leaves - . -

- Chlorosis affect ing whole plan t ( young plants mos t a ffec ted) , s tunted 
plants with nar r ow leaves 

- Sli ght chlorosis of whole plant, mottled leaves 

- Chlorosis with green grid effect, small pink to red fruits 

- Slight chlorosis of whole plan t , possibl y yell owish spot s and a ttacks 
by Diaspis spp . 

..:. Severe chlorosis main ly of old leaves, shaded part of leaves remain 
green - ye llow spots appear i n the centre of the bl ade 

- Ve ry small e longated ye ll ow spot s at the e dges of the l eaves, t i ps 
of leaves dry out 

- Leaves have pronounced gutter shape 

- Small leaves that are easil y broken 

- Brown s t riped leaves 

- Drying of the tips of the leaves, a lternating light/dar'k brown areas-
other l eaves : dark green 

- Chlorosis of whole plan t (mainl y the cent ral part of the leaves) 

- Reddish leaves 

- Re ddish leaves ti ps curved toward the soil, edges of the leaves 
curl inwards/downwards 

+ 
- Dry whi te spots outl ined in black, d iamete r - 1 c m or more, 

appearance resemble parchment 

- Small , round , yellow spot s (diamete r ~ 1 mm), partia l d r yi ng 
of the t i ps when the a ttack is ver y severe 

- Round, green, spots (diameter~ 1/2 cm) 

- Yellowish s tripes in the cent r e of t he bl ade 

- Leaves turn yellow then red followed by rot of the base of young 
leaves 

- Brown necrosis of inside of o ld leaves , drying of tips, healthy 
leaves have rough looking surface 

Likel y orig in 

- wate r and/9r .. ro iner a l deficiency (cf. preceding table) 

- ni t rogen defi ciency 

- manganese defi c iency (seldom) 

- i ron defi c iency ( frequent ) 

- zinc defi ciency (seldom) 

- magnesium defi ciency ( frequent) 

- potash defi ciency ( frequent) 

- copper defi c iency (sel dom) 

- calcium defi ciency 

- sea spr ay ( toxicity due to excess o f sodiu m c hloride) 

- phosphorus defi ciency (seldom) 

- toxicity due to he r bi c ides 

- excess of sol a r radiation 

- Wilt dise ase 

- Cerat ocys ti s pa r adoxa (Thie laviop s is) 

- Diaspis spp . 

- Dysmicoccus sp. (sexed races) 

- yell ow s po t v i rus disease 

- Phytophthor a spp. 

- mites of coral col our 

See parts I and 11 and photos 
Page N° , Photo (P.)N° 

133- 136, 162-167 

164 

165, P . 41 

165 , P . 39 

166, P . 40 

165, P . 33,34 

164-165 , P . 32 

166 

165, P . 35 

139 , P . 42 

164, P . 36 

386-388, P . 142-145 

137-138 

230-233, P . 66-69 

206-207, P . 53 

256-257, P. 85-86 

234, P . 70 

227-228, P. 74 

197-198, P . 48,49 

257-258, P. 90-93 



LEAVES l Abnormalities Likely origin See parts I and II and photos 
Page NO, Photo (P.) NO 

- Exudation of gums, bimps, drying of young leaves - urea in too high concentration 

- Chlorosis and drying of tips - biuret content in urea too high 
337-339, P.145-146 

- Rot at the base of young leaves - burns caused by fertilizer or pesticide at too high concentration 

- Scattered grey - brown necrosed spots - burns caused by chl oride 

- Simultaneous and synchronous constri ctions of neighbouring leaves - any s udden but temporary s l owi ng down in growth 338, P.147 

- Leaf tips eaten away - different types of locusts, beetles and minor insect pests 264, P.97 

ROOTS I Abnormalities Likel y origin See parts land 1-1 and photos 
Page N°, Photo ( P. )· N° 

- Knots visible to the naked eye - nematode Meloidogyne spp. 241-242, P. 76, 77 

- Lateral injuries visible onl y with a microscope - nematode Pratylenchus sp . 244-245 

- Root apex eaten away, "witches boom" at the ends of roots - symphylids 252- 253, P.81-83 

- Distorted roots, flush of secondary roots - physical obstacles in the soil 146-149 



APPENDIX 3 - TABLE 60 - Diagnosis of fruit abnormalities. 
Part 1 · Abnormalities visible from the outside (cv Smooth Cayenne). 

Abnorm alities 

- No crown or very small crown 

- C1·own leafl e ts eaten away 

- Multiple c rown s - fasciation 

- Kriob or s li p t ype outgrowth at the base of the fruit, numerous 
slips 

- lodging 

- bracts eaten away 

- bend of the fruit , damage to the ep idermis and underl ying 
ti ssues 

- locali zed discol ouration, yell owing, partial bend 

- coni cal fruit 

- Corky cracks of varying s ize between the fruitlet s 

- Prominent fruitl e t s 

- Re ddi s h fruit 

- Exudation of hard gum from a duct, diformed fruit .... , ... 

L1kel y origin 

!
-calc ium de ficie ncy 
- yell_ow s~ot virus disease 
- various insect pests 

- various insect pests 
+ 

!-temperature too high a t floral diffe r e nciation, - p ronoun ced 
depending on clones 

- cal cium or z in c de ficiency 

- genetic abnormality influence of climatic fa c tors on manifesta tion 
of this phenomenon 

- peduncle too long 

! . excess of nitrogen or other defects in mineral bal ance 
. wate r de fi c iency ( dry peduncle) 
. use of specific lloral induc tion agent (S. N . A •••• ) 

- locust s or various insect pests 

- physical damage (by tool or insect parasite) during fruit 
formation 

- sunburn 

I
-genetic abnormality 
- use of specific floral induc tion agent (S.N.A ... • ) 
- water or mine ral deficiencies 
- excess of organic matte r 

I
-sudden fluc tuations in water supply during fruit maturation 
- boron de fi c ien cy 
- interfruitle t corking - Penicillium fun.i culosum 
- toxicity due to spec ific herbicides ( dalapon ) 

- Wilt disease 
- If the fruit i s r e ddish : i ron deficiency 

- water deficiency l during fruit ripening 
- low temperatures 
- poor root s yste m 

- iron deficie nc y 

- Thecla s p. or in C. V. Re d Spanish : Batachedra sp . - Latin 
America only 

See parts I and 11 and photos 
p~ PhQ t O 1.e.1 N° 

165, P.35 
227-228, P.75 
264 

264 

43, 192 
165- 166, P.6,7 

42- 44, 187, P. 4 

186-187 
133-134 
394 

263-265 

209-210, 227-228 , 259 .. . 

191 - 192, P.27 - 29 

44 
394 
182-183, 

192 
166 , P.37 

216-217 
386-390 

186- 190 

230-233, P. 68, 69 
165 , P . 38 

180-183, P.30 

174- 175 

165 , P.38 

259, 264, P. 95 



Abnormal ities Likely o,igin See parts I and II and photos 
Page NO, Photo (P.) NO 

- Exudation of gl assy, ~ fluid gum, cavities fi lled with - Fusarium moniliforme s ubgl utinans often l inked with damage 
gelatinous matter caused by an insect pest - Latin America onl y 209-210, P.57 

- Fermentation of fruit exudation of foam 
- yeast attack during ripening of the frui t - chiefly when after 

223-224, P . 64 watter deficiency water .S.uppl y i s abundant 

- Fruit becomes deliquescent, sweetish and e thereal smell - - Ceratocystis paradoxa (Thielaviopsi s) linked to injury (cf. 206-207, P. 50, 51 

Affect s isol ated plants internal appearance of the fruit) 

- Depressed fru i tlet, fruit maturity - hastened, brown col our 
- Peni cill i u m - Fusarium complex ( cf. blac~ spot in s ide fruit ) 216-2 17 

at harvest 

- Olive green colour of the shell ; exudation of a yell owish 
- Erwinia chrrsanthemi - c hie fl y in Malaysia 223-224, P. 63 

green foam ( fruit coll apse) 



APPENDIX 3 (continued) . TABLE 60 (continued)· Diagnosis of fruit abnormalities. 
Part 2 · Internal abnormalities (cv Smooth Cayenne). 

Abnormalities 

- "' Gr een ripe fruit"- s kin colour does not r e flect a c tual ripeness of 
the fl esh - low aci dity , e xtre m e l y fragil e 

~
1 
Bla c k r ot"- the fl esh softe ns and be comes bri ght yell ow then 
coll apses, a dark colo ur appears ( s porulati on o f the fun gus) , 
sweetis h and e the r e a l s me ll - Spreads progr essive ly fr om s ide 
of an injury 

- Bla c k spot , ~ dry/ hu m id initiall y lo cated in fruit l e t s but di sease 
s pre ads progressive l y during the fruit ripening period 

- ''Endogen ou s brown s pot 11
- the disease begins in the upper p art o f 

the fruit a t t he base o f frui tle t s ( close to the core) , it progresses 
around the core and s ubsequently generali s ati on i s possible 

-
11

Marbling di sease'1- dry browning of the ti ss ues a r ound the Iocules -
ne ighbouring ti ssues r e mai n healthy 

- Pink di sea se - fl esh turn s pink to light brown i n colo ur u s ua ll y 
onl y afte r cooking 

- Le athe r y pocke t - corking of the wall of t he loc ule s 

- Longitudinal s pli t o f the core - may be ve r y e xte n s ive 

Like l y origin Seeparts land II and pho t os 
Pa ge N° P ho to ( P . ) N° 

- di sorde r in the ri peness o f the fruit ( t oo high te mperatur e , too 192-1 93, P . 45,46 

muc h nitrogen applie d) 

- Cer a tocys ti s pa r adoxa (Thie la viop s i s) 206-207, P . so, 51 

- Pe nicill ium - Fusarium comple x 2 16-217, P . 58-6 1 , P . 99- 102 

- expos ition of fruit a t l ow te mperatures ( the brown in g occ ur s a fte r 193-1 95, P . 4 3, 44 

warming up again) 

- variou s bacte ries 225-226 

- vari ou s bac te ries 22 1- 222, P . 62 

- Pe nicill ium funic ul osu m 2 17, P.60- 6 1 , P.99- 102 

- severe wate r de fici e ncy 182 -1 8 3 , P . 3 1 





PART THREE 

USES OF PINEAPPLE 





The fruit is obviously the main reason for cultivating pineapple 
but particularly since the beginning of the seventies, efforts have 
been made to widen the range of possible uses and to exploit the 
by-products of the canning process . The plant itself may also be a 
potential source of income, and studies have been carried out in 
this field. Figure 74, which is taken from a study by ESTANOVE 
(1982), summarizes potential uses for the pineapple plant as a 
whole. 

Products destined for human consumption are listed on the 
right. These range from fresh fruit to the manufacture of vinegar, 
and include a whole series of more traditional products that add 
variety to our everyday diet. 

Potential uses for by-products of the canning process and for 
the vegetative parts of the plant are listed on the left. These range 
from the extraction of leaf fibres for textile manufacture to the 
production of gas and ethanol for fuel, as well as less sophisticat
ed uses such as cattle feed . 

Table 7 (cf Botany : I.3.1) lists comparative fresh weights 
for different parts of the plant and also gives the corresponding 
dry extract at fruit harvest in the case of the industrial cultivation 
of the Smooth Cayenne CV. Table 61 below shows the same 
fresh weights and corresponding dry matter as a percentage of 
values for the plant as a whole . 

Using the same CV, CARVALHO et al., (1980) give notice
ably lower percentages for the fruit. This is probably because 
their data were obtained at the end of a longer cycle, which favours 
the development of the vegetative parts of the plant as opposed 
to the fruit. 

The technical procedures required for the utilization ot tne 
different types of raw material vary considerably depending on the 
specific economic objective. 

TABLE 61. 
o/o of to t a l fresh wei ght o/o of to ta l dry weight 

Roots 6: 80 3 . 68 
Leaves 38 . 83 31. 90 
Ste m and pe dun c le 10. 29 12 . 88 
Fruit 35 . 92 45 .40 
Crown 5 . 83 4.29 
Shoots 2. 33 J. 85 
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111.1.- USES OF THE FRUIT 

111.1.1.- FRESH FRUITS 

The composition of the fruit iis detailfd in the section on the 
main botanical characteristics of pineapple (cf. 1.3.1.5.2). One 
to its relatively high sugar content (12 -18° Brix), pineapple can 
be classified as an energy-giving food. One glass of juice (approx. 
150 cc) contains an average of 75 calories (HUET, 1958). The 
fruit contains all the vitamins except vitamin D, although not in 
large quantities. Ash is rich in bases, particularly potassium. 

111.1.1.1.- Fresh fruits for sale on the local market. 

Fruits sold on the local market are generally nearly completely 
ripe . There is a marked preference for large fruits near production 
areas. In the region where the pineapple species originated, a 
relatively wide range of CVs use used, but elsewhere the range is 
much narrower. 

Fresh fruits are generally sold singly with the crown intact, or 
slighly reduced, though it is not uncommon to see, fresh pine
apple sold in slices or segments. 

The only technical problems involved are potential delays in 
transport and unsatisfactory storage conditions. Fruits must not 
undergo bruising during harvest or transport, otherwise fruit qual
ity will deteriorate rapidly (photos 166, 167, 168). 

111.1.1.2.- Fresh fruits for export. 

Approximately 5% of total world pineapple production is 
destined for export. One of the main difficulties in this connection 
is the fragility of the fruit, which varies considerably from one 
CV to another. CVs of the Perolera group have firm flesh, so 
sophisticated packing is not necessary when fruits are only to 
be transported for relatively short distances. CV s of the Cayenne 
group, on the other hand, have extremely fragile flesh, and special 
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precautions have to be taken to prevent damage. Between these 
two extremes are CVs belonging to the Queen and Spanish groups. 

As most exports are of Smooth Cayenne, details given here 
are for this particular CV. 

Sorting: any fruit with serious defects in appearance (malforma
tion, bruising, presence of parasites) and fruits that are either over
or underripe should be removed from the batch. Fruits showing 
signs of internal damage, both of physiological origin (green ripe, 
cf. 1.4.1.4.3.4) and due to parasites (black spot, cf. 1.4.2.1.3 .1) 
should also be eliminated. The latter condition can be recognised 
in certain CV s by the fact that the outside of affected fruitlets 
tends to lose its green colour earlier. However, it is much more 
difficult to find green ripe fruits, i.e. those whose flesh is ripe 
although the shell is still green. They can be detected by putting 
them in a dipping tank filled with water, where affected fruits 
tend to sink, whereas the less ripe fruits float. 

Aside from green ripe fruits , a preliminary selection can be 
made in the field during harvesting, but for practical reasons green 
ripe fruits cannot be eliminated until arrival at the packing centre. 

Preparation of the fruits : this is done in the field by the worker 
in charge of the harvest or, more commonly, by the worker in 
charge of sorting at the packing centre. The task consists of re
moving bracts at the base of the fruit and, if necessary, trimming 
the fruit peduncle to the required length. It may also include 
brushing the fruit to eliminate colonies of mealy bugs; however, 
brushing has the disadvantage of destroying the lustre of the shell. 
The most important job of all is protecting the fruit against in
fection by Ceratocystis paradoxa, Thielaviopsis (cf. 1.4.2.1.2.1). 
The whole fruit can be treated or just the cut end of the peduncle. 
Treatment is either by dipping the fruits in a tank (which means 
overripe fruits can be removed at the same time) or by passage 
throught a mist tunnel. Recommended techniques and products 
are given in the section on plant protection on the control of this 
particular pathogen (cf. 11.9 .2) . 

Additional treatment: can be carried out to prolong the life 
of the fruit by limiting respiration. 

Certain waxes reduce weight loss and the increase in acidity 
linked to refrigerated storage, Waxing does not appear to affect the 
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evolution of sugars (TISSEAU_.Renee et al., 1981; TISSEAU,Renee 
and SOLER, 1982; PAULL and ROHRBACH, 1982), nor the 
evolution of shell colour (ROHRBACH and PAULL, 1982). On the 
other hand it can improve the appearance of the fruit by giving 
it more lustre . The use of protective film has also been tested, 
but it encourages the development of fungus on the skin, which 
is very difficult to control. 

Grading: fruits for export are normally sold by the box,and 
importers prefer boxes with fruits of the same size. This is why 
grading is by weight ( at least in producer countries exporting 
to western Europe) or by maximum diameter (in countries sup
plying north America) . 

In both cases there are usually six categories, although there 
is a tendency to reduce the number of weight categories to four. 
Table 62 lists limits for each category in the Ivory Coast and 
Kenya and the number of fruits per box in the 2 countries, and 
the same is true in some other countries. 

Grading by weight is either done manually using a simple 
scales balance, or spring balance (photo 162) or more and more 
commonly with a rotary weighing machine (LETOREY, 1966) , 
which can grade 3 t / h (photos 163, 163, 165). 

Grading by maximum diameter is usually done with diverging 
belts or strings that allow the fruits to fall between them as the 
distance between them gets bigger than the diameter of the fruit . 

Whichever method of grading is used there is inevitably a 
variation in net weight per box. In some countries, however, im
porters prefer a fixed weight per box , which is leading packers to 
abandon grading of individual fruits and instead to make up boxes 
of approximately the same weight. 

Sorting according to ripeness: fruits are classified in several 
different categories, three being the usual number (cf. 11.1.1.2). 
In the Ivory Coast, where three harvests are carried out .per week, 
it is estimated that 10-15% of fruits are discarded before export 
to ensure top quality produce. When fewer harvests are carried 
out per week, more fruits will be discarded. 

Packing: fruits are usually either packed horizontally in 1 - 3 
layers, or vertically. 

The advantage of packing fruits horizontally in one or more 
layers (photos 156, 157) is that only one or at the most two stan
dard size boxes are required. The fruits are packed head to tail 
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TABLE 62 · Examples of grading and packing of pineapples. 

0, 00 00 Internal dime nsions 
ID ·3 .c.,, 'C of boxes (in mm) 

00 .si C ro ,!:: X 
C ID '" « 0 Position of fruits in box ~ 3- "' 0 .0 
0 

2 
>- 'C « « « « « 

u 0 ro l\ ~ "' 'C 
'§ B C E length width height ro ~ ~ :; () if) z 

C 'C 00 
,;; $.., -"0 C C 

1.8 - 2 . 3 1 8 Pac ked verticall y right way up 535 286 280 ~ ~ E (1) -
3 
0 !. 5 -1. 8 2 8 " " " " " " u ~ti~ « 

t! :E:::: 
() 

1. 3 - !.5 3 12 " " " 535 370 250 'C 
O ...., • U,.... ID 1.1-1. 3 4 12 " " " " " " 
.:: h ~ ·~ 0 

C 

B 0 . 9 -1.1 5 12 " " " 535 370 220 « 
ID O 1, 'C 0 0 . 7 -0. 9 6 20 " " " 544 434 194 
(i ~"' ~ .c 
~ ~ U1 

< 5 - 6 Packe d verticall y t opto bottom 340 250 310 
if) 

::, Packed vertical! y top to bottom 
'C 00 

8 - 16 pos s ibl y w ith one l ayer packed 450 305 310 C C 
ro- 3 fla t at the top of the box - ro 0 

;;; -~ ~ « 
u 

3 ID ro E c'.'J Packed flat top t o bottom but 
:c cl 

3"" 
.c boxes s tood on their s ide du-
), 

t: 8 - 16 ring tran sport. Sides of box 450 360 360 
0 360 x 360 . Fruits are thus trans-
~ ported verticall y top to bottom 
~ 

t: 00 
C 

0 C 6 !. 3 - 2 .3 6 - 8 Packed vertically top to bottom ~«-
IDB~ « Packed verticall y top to bottom - 00 0 () 

or or 405 275 370 
~~ l3 ~ or flat in 4 layers in case o f 
C O Cl .c 0.9-1.3 9 - 16 smallest fruits 
ID~ ~ ~ 

'" ~-o-g'E 00 
C 

8~~~ 8 Small fruits packed fl at , big- 600 
>, C E C « J. 8 - 0 . 9 gest fruit s may be packed ver- or 400 ? 
8 ~ gi: () 

ID ti call y top to bottom 300 
2; ::: ~ -;:: cl 
ID ID U C .c 
.c C ro ID :., .... 0. « « 

~ 
() 

N .B. - International palle t s tandards are as foll ows : 
. U.S . s tandards: 9 1 x 110 c m (by a i r & inland) & 110 x 110 c m (re frigerate d t ransport & contai

ners (one e ntry onl y) a l so used in Hawaii &Tne Ivory Coast 

. Eur opean standards : 80 x 100 & 100 x 120 (double e ntry) ; a l so used in Ke nya & under trial in the 
Ivory Coast with new packing me thod 

with the crowns of each overlapping neighbouring fruits to a 
greater or lesser extent. This means the smaller the fruits, the more 
can be packed in one box, and the type and quantity of packing 
material that may possibly be put between the fruits can also be 
adjusted, depending on how much is needed. 

When fruits are packed vertically (photos 154, 155), individual 
protection and ventilation are better, but several different standard 
size boxes are required - usually four - and the boxes are difficult 
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to palletize. In some countries, both methods of packing are used, 
with the biggest fruits packed vertically and the smaller ones 
packed horizontally. Examples of box sizes with details of the 
number of fruits that can be packed in each case are given in table 
62. 

A variation on the vertical packing method is to place one or 
two fruits upside down in the middle of the box, or even to pack 
one layer of fruits horizontally at the top of the box, which makes 
optimum use of available space. 

The type of material used to make the boxes has changed 
frequently over the past thirty rears, from undressed wood, to 
peeled reinforced wood, to several different materials based on 
cellulose. However, cardboard boxes have progressively taken over 
in the majority of pineapple.producing countries. 

Different grades of paper, cardboard or padding (with or with
out paper) are used to protect individual fruits packed flat (photo 
156) . 

Perola fruits exported from Brazil to Argentina are packed 
together with the many slips commonly produced by this particu
lar CV. Although this technique is said to be economical, the net 
consumable weight/gross weight ratio is extremely low (photo 
157). 

Elsewhere, folding pallets are used that can hold approximately 
800 kg net. These are used for pineapples exported to Japan by the 
Philippines. Bruising is prevented by rings of paper placed between 
each fruit. 

In the Ivory Coast, where all operations from sorting to packing 
are manual ( except grading, which is done with rotating weighing 
machines) it is estimated that 132 days are needed for an average 
yield of 65 t/ha exported, which corresponds to 2 man days for 1 
tonne of fruit packed (BOUFFIN, 1979) (fig. 75 shows the organ
isation of a packing centre in the Ivory Coast. 

If all operations from harvesting to packing plus assembling the 
boxes (150 boxes/man/day) and cleaning the packing centre are 
included, the total number of man days/ha goes up to 348, i.e. 
5 man days per tonne of fruit packed. 

Labour can be saved by using harvesting machines that move 
ahead slowly, but these have to be adapted to ensure maximum 
protection of the fruits at all stages of the harvesting operation, 
and in addition specific equipment is needed for the preparation of 
the fruits. 

In several countries (Australia and Hawaii, for example) mobile 
packing units that operate in the field are being use? to reduce 
the cost of transport (estimated at ± 0.5 day/tonne in the Ivory 
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Coast); unfortunately, their advantages do not outweigh their 
disadvantages. 

Storage and refrigerated transport. 

Adequate ventilation is all that is required to ensure the fruits 
arrive in perfect condition at the retail outlet if the fruits only 
have to be transported for a short distance, if they are sold with
out delay, if care has been taken to prevent bruising during har
vesting and packing, and finally if the fruits have been adequately 
protected against fungal infection. 

When fruits are to be transported over long distances or for a 
period of several days, refrigerated transport is required to slow 
down the ripening process. All authors agree that 8°C is the opti
mum temperature for fruits harvested at a relatively advanced 
stage of ripeness (AKAMINE and GOO, 1971). Within the cold 
storage area, humidity should be nearly at saturation level, and 
the air should be renewed where possible. While on sale fruits 
should be stored at similar temperatures, as they then only develop 
at a very slow rate. However, there is a marked increase in acidity, 
and the lower the temperature and the longer the storage period, 
the greater the increase. TISSEAU, R .et al. , (1981) have shown 
that in the Smooth Cayenne CV there is a 35% increase in acidity 
in fruits stored at a temperature of 8°C for a period of 10 days. 
This must be taken into account when drawing up the fertilization 
schedule (cf. Fertilization II .7) . 

There is a parallel modification in the flavour of the fruit 
due to modifications in aromatic substances. Consequently, fruits 
should not be stored at this temperature for more that a total of 
3 to 4 weeks (this includes transport plus the period when the fruits 
are awaiting sale) or fruit flavour will noticeably deteriorate. 
rate. 

Refrigeration must be continued without a break, right up 
to consumption if this is possible, especially for fruits with low 
ascorbic acid, as otherwise enzymatic activity can cause the flesh 
to turn brown, a phenomenon known as endogenous brown spot 
(cf. I.4.1.4.3 .5) (photos 43 , 44). This type of accident can also 
occur if refrigeration is interrupted at any time, which is most 
likely to occur before shipping. However, the flesh will not show 
signs of damage unless there has been a considerable rise in tem
perature (18-20°C). 

If refrigeration is interrupted, there can also be a deteriora
tion in the appearance of the fruit: the crown can turn yellow, 
followed by drying of the tips of the leaflets and there can also 
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be infestation of the shell by minor pathogens, due to condensa
tion. 

Storage at a temperature of less than 7° C may lead to serious 
deterioration of the tissue. When the temperature returns to around 
20°C ( ~ temperature in retail shops) there is a marked drop in 
acidity over a period of a few days, with subsequent breaking down 
of the tissue (TISSEAU Renee, 1982), starting in the epidermal 
and sub-epidermal tissue (photo 149). 

Obviously the ideal method of transport over long distances 
is by refrigerated container with optimum temperatures maintained 
from the time the fruits are loaded at the packing centre to the 
wholesale warehouse or even to the retail shop (as in the case of 
supermarkets). 

The level of atmospheric oxygen in the container can be 
reduced to slow down respiratory exchanges. By maintaining 
oxygen at 2% by controlled nitrogen enrichment, AKAMINE and 
GOO (1971) succeeded in prolonging the life of the fruit from 
1 to 3 days. 

There is almost no modification in the atmosphere at 8°C if 
the boxes are stored in completely airtight plastic bags, as respi
ration is too low. On the other hand, at 20° C there is a notable 
decrease in oxygen and an increase in carbon dioxide, and the 
evolution of the epidermis is slowed down considerably. However, 
when individual plastic protective film is used condensation can 
occur, which promotes the development of fungi on the shell 
and in the crown and the flavour of the fruit is also seriously 
affected (TEISSON, 1977). 

111.1.2.- TRADITIONAL CANNED PRODUCTS 

Within the framework of international trade, pineapple is 
sold mainly in sterilized metal cans that guarantee long-term con
servation of top quality products, which can be used by the 
consumer without delay. Almost a quarter of total world pineapple 
production is used in this form. 

111.1.2.1.- Range of products. 

The product with the most prestige - because it is most highly 
valued by the consumer - is canned pineapple slices in syrup, 
which are almost universally appreciated as a dessert and are also 
used in the preparation of a variety of dishes. Table 63 shows 



PHOTO 175 - Fruits being 
transported to the machine 
that removes the shell and 
fruit cylinder in a modern 
cannery. (By permission of 
Teisson). 

PHOTO 176 - Plot under 
first ratoon crop. (By per
mission of Sarah) . 

PHOTOS 173 and 174 - Details of conveyor 
belt on harvesting machine. 

Reproduction courtesy of SALCI (Societe des Ananas de Cate d'Ivoire) 
B.P. 1, ONO, Abidjan, Ivory Coast. 



The Ginaca machine that removes 
the shell and fruit cylinder is the 
most important piece of machinery 
in a modem pineapple cannery. 

PHOTOS 177, 178, 179 and 180 show 
different stages of the operation: peeling, 
removal of core and ends, scraping of 
shell, etc. 

R eproduction courtesy-of Ets. E.G. LEAU - 3, rue Rosenwald - 75015 Paris, France 
and of Ets. CAUSTIER - route de Prades - 66999 Perpignan, France. 



PHOTO 181 - Trimming 
of fruit cylinder. 
(B y permission of A rtphot). 

PHOTO 182 - Slices are sorted and placed in cans. (By permission of Inter G., B.P. 26 , 
91190 Gif-sur-Yvette, France). 

Reproduction courtesy of Ets CAUSTIER (France) 
Route de Prades - 66999 Perpi.gnan, France 



PHOTO 185 - Press-cake leaving 
the press (26% of dry matter). 
(By permission of Nordon) . 

PHOTO 186 - Cattle 
in South Africa eating 
press-cake silage. (By 
permission of the Ci
trus and Subtropical 
Fruit Research Institute 
South Africa) . 

PHOTOS 183 and 184 - High performance press for the ex
traction of mill juice. (rate of extraction: 85%). General 
view of installations - 3rd compartment). (By permission of 
Nordon). 

Reproduction courtesy of NORDON et Cie 
9 , avenue du XXe Corps, B.P. 441 - 54001 Nancy, France 



TABLE 63. Main 1::haracteristics of most common types of 1::ans of pineapple sl ices in sirup. 
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Inte rna t ional I National s tanda rds Charac te ri s ti cs o f can 
s tanda rd 
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International Inter na ti onal In te r national 

diameter ( mm) he ight (mm) volume (ml ) 

Fra nce I NF-H-33001 l 1/1 tall I 97 . 8 I 11 5 .2 I 865 

U. S .A . 401-411 2 1/2 I 100. 8 I 115 . 7 I 923 

U. S .A. I 307 - 604 I 2 ta ll I 84.8 I 155 . 7 I 879 

France I no s tandard I 3/ 4 I 8 1 . 8 I 111. 9 I 588 

U.S . A . I 307-409 I 2 I 84.8 I 112 . 7 I 657 

U. S .A. I 301-41 1 I 1 t all 

I 
75 . 9 

I 
11 5 . 9 
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524 
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different manufacturing standards. 

Pineapple slices in syrup are an energy-giving food. One slice 
has an average of 100 calories. In addition to sugars (22 .3% of 
total weight), it also contains citric acid (0.69%), proteins (0.4 
%) and minerals (0.3%). 

Broken slices. These are generally considered a by-product of 
slices. The main categories are as follows: half slices, broken slices, 
different types of segments (chunks, tidbits, cubes) . These are 
commonly used in pastry-making and confectionary. A by-product 
of these products is pineapple crush, which can be sweetened or 
unsweetened and is used in pastry-making and confectionary, 
and also in the manufacture of dairy products containing fruit, 
and in the making of ice-cream and water ices (sorbets). 

The last product of the canning process is juice, which can be 
sold in pure or concentrated form and is also used in the manufac
ture of various beverages. 

Figure 76 shows the range of products and the part of the fruit 
from which they are obtained. Small fruits cannot be used for the 
production of slices. The whole fruit - with or without the shell -
is usually pressed to make juice. 

Wastes, which come mainly from the top and bottom ends of 
the fruit, from the shell and different types of residues, represents 
around 35% of the total weight of the fruit on reception at modern 
canneries, but can be up to 50% in less well-equipped canneries. 

It is becoming more and more common to use these wastes to 
extract second grade juice or mill juice for the syrup that covers the 
pineapple slices. True waste in modern canneries means the resi
dues left after pressing, and in a modern cannery these only rep
resent 3-8% of the total weight of the fruit on reception. 

These wastes can be a serious source of pollution if left unused. 
Possible uses are discussed later in this section. 

111.1.2.2.- Flow sheet of the industrial process. 

There is a whole range of possible manufacturing procedures, 
from small workshops where the majority of operations are carried 
out by hand, to those used in large-scale modern canneries. The 
main sequences in the canning process in a modern plant are de
scribed here. Information is taken from an inquiry carried out by 
CREUSS (1961a) and a study by ESTANOVE (1984). The dif
ferent stages are shown in figures 77 and 78, taken from the same 
authors and subsequently complemented 
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Fig. 76 * Origin of products from a modern pineapple 
cannery (uses of by-products shown elsewhere). 

Fruit reception. 

451 

On reception,, the fruits can be stored for a short period of 
time (preferably as short as possible), either in the bins in which 
they were transported, or in tanks filled with water. However, 
ideally they should be unloaded directly onto the sorting belts 
that transport them to the grading machines. 

Grading. 

In the grading machine the fruits pass through three successive 
diverging downward-sloping rollers with endless screws that move 
the fruits forwards. Next they are transported to large storage 
bins. These may be tanks with water flowing through them that 
transport the fruits. 

Normally there are 3 to 5 different categories of fruits de
pending on the end-product envisaged: U.S. 1, 2 and 2 1/2 (cf. 
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table 63) . The limits of each category may vary slightly from 
cannery to cannery, depending on market demand, on the process
ing equipment, and on the shape of the fruit , which can vary a 
little with the season. 

Thus to increase the number of no . 2 1/2 slices recovered, the 
space between the rollers can be slightly reduced to retain fruits 
that would normally have proceeded to the no . 2 line. If this 
is done, the fruit cylinder has to trimmed more carefully, which 
necessarily increases labour requirements at this particular stage. 

Table 64 gives an example of the limits for maximum diameter 
categories most commonly used in the pineapple industry, together 
with the weight and length of fruit that usually corresponds in 
the case of the Smooth Cayenne CV (ESTANOVE, 1982). 

Table 64 shows there is no advantage in having fruits with a 
diameter of more than 13 cm for a mean weight of more than 
1.8 kg. Fruits of this size may have a slightly larger fruit cylinder 
and consequently provide a few extra slices, but they have the 
disadvantage that there is a bigger proportion of flesh that cannot 
be used for slices and also the diameter of the extremely fibrous 
core is increased. This inevitably reduces the quality of the slice, 
unless a larger proportion of flesh is removed from the centre of 
the slice, which in turn reduces the amount of edible flesh , as 
cans have standard diameters. 

Modifications in the recovery of no. 2 1/2 slices with an in
crease in fruit weight are shown in figure 79 tak-en from a study by 
PY and GUYOT (1970b) . In this study, a cylindrical knife corres-

TABLE 64 - Example of the use of fruits from different categories for slices (after ESTANOVE, 1982). 

Categor y of frui t 1 2 3 4 5 

Limit o f categor y 

Ma ximum di a me te r of fruit 9 . 8 10. 8 11. 8 13. 2 
i n c m ( basi s for gr ading) 

I I I I Correspondin g le ngth of 12 . 7 13 . 5 16 .0 19- 8 
fr uit in c m 

I I I I Corr espondi ng wei ght of 0 . 77 0 . 99 1. 4 2. 1 
fruit in k g 

Di a me te r of s li ces in mm 69 . 85 79. 37 95. 25 .- - - -- -

Co rresponding s tandard can 
1 2 2 1/2 • - --- --

( U.S .) 

Correspondi ng s tandard can 1/2 3/ 4 1/1 ( 4/4 )• - - - --
( Fr ance) 

j 
-- - - ~ 

Fr uit used - -- - .. 
- - -- .... 
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ponding to category 2 1/2 was used. 
After grading, the 3 main categories of fruit are: 

- maximum diameter from 9 .8 to 10.8 cm (corresponding to 
weights of from 0.770 to 0.990 kg) 

455 

- maximum diameter from 10.8 to 11.8 cm (corresponding to 
weights of from 0.990 to 1.400 kg) 

- maximum diameter more than 11.8 cm ( corresponding to a 
weight of more than 1.4 kg). 

Each category of fruit has its own line, although the lines 
corresponding to the 2 last categories are very similar. 

111.1.2.3.- Diagram of a standard production line (figs. 77, 78). 

III.1.2.3.1.- Sizing of the central cylinder (with or without the 
core). 
Fruits of the same diameter pass on to a machine that removes 

the central cylinder. At the same time, the most sophisticated 
machines (Ginaca - Food Machinery Corporation; Honiron and 
Dulieu - Ets. Leau and Ets. Caustier (photos 177,178,179,180): 
- out off the two ends 
- remove the flesh that remains attached to the inside of the shell. 
This is done in two stages, first superficial scraping, then more 
thorough scraping 
- remove the first imperfect slice (strip slice) from each end of the 
fruit 
and in core-removing models: 
- remove the core 

The use of each of these products is shown in figure 76. 
Other models (manufactured by Honiron) remove the core 

further down the line (fig. 80), often as the slices are canned. 
This allows a 10-15% increase in recovery of slices in pineapple 
with extremely fragile flesh. 

The cylinder is the most important part of the fruit around 
which all the production lines are organized (the number of differ
ent categories of cylinder determines the number of different 
production lines) as it is the raw material for the production of 
slices . 

All the remaining parts of the fruit that were separated from 
the cylinder in the preceding operation are processed on other 
types of production lines where the end-product is crush or juice. 
Th~se lines are identical for all categories of fruit . 
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Fruit weight categories in grammes 

crush 

Fig. 79 * Evolution of the weight of raw products obtai
ned after passage through 2 Y2 fruit sizing machine 
shown as a function of fruit weight (after C. PY and 
A.GUYOT, 1970b). 

III.1 .2.3.2.- Slice line. 

• Trimming the cylinder (photo 181 ). 

Blemishes are removed from the fruit cylinder with a special 
knife; these may be fragments of skin, or of the blossum cup, or 
damaged flesh (black spot, etc.) . The fragments that are removed 
go on to the 1st or 2nd (mill juice) juice line. Which line they go 
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to depends on the quality of the fragments and on how sophisticat
ed the cannery is. 

When 2 diameter lines (manufactured by Honiron) are used 
(cf. below) this operation is either simplified or completely elim
inated. 

• Slicing. 

The fruit cylinder is then sprayed with jets of water to remove 
any particles that may still be clinging to it, and it then passes on 
to a slicer with revolving knives. Machines with a single knife 
that turns at extremely high speeds are tending to replace those 
with several knives, as the latter exert too much pressure on the 
cylinder and tend to crush it, consequently reducing the recovery 
of slices . 

• Sorting and trimming of slices (photo 182). 

Whole slices are sorted according to several criteria connected 
with appearance (colour, translucence, perfect shape, equal thick
ness) that correspond to standard grades for the finished product: 
fancy, choice, standard. Parts of slices are used for other standard 
products: half slices, broken slices, chunks, tidbits, crush, etc .. 
Smaller broken pieces go on to the crush line. 

When 2 diameter lines are used, the fruit cylinder is not severely 
trimmed before slicing, and all imperfect slices are now remov
ed and assembled to be re-trimmed. They pass through resizing 
machines that remove an additional ring of flesh , thus reducing 
the slices to a smaller size. However, this is only possible for slices 
in the 2 biggest categories. The slices are then assembled according 
to quality and automatically placed in cans. The core is removed 
either here or during the re-sizing operation (fig. 80) and the 
rejects go to the crush or juice lines. This method saves 25 to 
30% on labour in comparison with the method where the core is 
removed when the fruit cylinder is sized. 

• Syruping - sealing - sterilizing. 

Air is removed from between the cells of the fruit in order 
to give it a more uniform appearance, particularly when the flesh 
is translucent. This is accomplished either by subjecting the fruit 
to a vacuum of approximately 645 mm of mercury for 5 to 10 
seconds, after which the cans are filled with syrup, or by heating 
the slices in the syrup for a maximum of 5 to 6 minutes (exhaust
ing). The cans are then sealed and sterilized by heating to a tem
perature of 88 to 90° C, which requires heating the water bath to a 
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temperature of 100°C for 10 to 12 minutes. The cans must then 
be cooled rapidly to a temperature of 38°C and finally dried. If 
cooling is too slow the flavour will change and the appearance 
of the slices will be spoiled. 

The concentration of the syrup varies with the manufacturer 
from 30 to 50° Brix, which means the final product has 17 to 
24° Brix. Subsequent steps are shown in figure 78. 

III.1.2.3.3.- Crush line. 

The raw material for crush is the flesh removed from the inside 
of the shell during the 1st scraping and any fragments from the 
trimming table . Impurities are removed manually with special 
pincers and these are sent on to either the 1st or 2nd juice (mill 
juice) line depending on the quality. The flesh passes through 
a shredder that cuts the fragments into small pieces and drains 
away the juice, which is recovered and sent to the 1st juice line. 

The resulting crush is sweetened if necessary, then pasteurised 
in equipment that heats it to a temperature of approximately 
90°C and canned. The cans are then sealed, cooled rapidly and 
dried. 

III.1.2 .3.4.- lst juice line. 

The end-product of this line is «pure» pineapple juice that 
is consumed undiluted or used in the manufacture of other bev
erages. The raw material is provided by the 2nd scraping of the 
inside of the shell, the core, the strip slices from the top and 
bottom of the fruit if these have been removed, and good quality 
fragments from the trimming table. The main impurities are re
moved and the remaining flesh is crushed and pressed. 

At this point, juice extracted from shredded or crushed and 
pressed small fruits and the juice from the sorting tables join the 
line. The product is screened and heated to a temperature of 
60 to 63°C in a continuous heat exchanger, then screened a se
cond time, and generally centrifuged and homogenized. The juice 
is heated to a temperature of 88 to 90° C either before or after 
being filled into cans and the cans are sealed. If it is heated before 
filling flash pasteurisation can be used; if after, filling is carried out 
at 60°C and the cans are subsequently rapidly cooled. 

Currently there is an increasing tendency to produce concen
trated juice at one fifth of its original volume. Volatile elements, 
which include a high proportion of ethyl acetate and ethyl alcohol, 
are recovered before heating and returned to the concentrated juice 
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in the final stage of processing. 
Cryo-concentration, which is a more satisfactory method of 

safeguarding flavour, is still at the experimental stage as far as 
pineapple is concemed,due to its high cost. 

A further potential product is powdered pineapple juice obtain
ed by evaporation, which is as yet not widely known. 

III.1.2.3.5.- 2nd juice line (mill juice). 

The 2nd juice (mill juice) is obtained by pressing various wastes, 
i.e. skin, ends, press residues and other low grade wastes (photos 
183, 184, 185). In the most technically sophisticated canneries 
this juice is used to manufacture the syrup that fills the cans of 
pineapple slices. The wastes are crushed, usually heated to a tem
perature of 63°C, then pressed and screened. Up to 75 to 85% of 
the total weight in juice can be recovered, depending on the effi
ciency of the presses. In Hawaii, this juice contains around 11 % 
soluble solids comprising 75 to 80% sugars, 7 to 9% citric acid, 2% 
malic acid and 2.5 to 4% protein (COLLINS, 1960). Analyses done 
in Martinique gave - for a refractory index of 10 - 6 7.45 g/1 of re
ducing sugars, 10.07 g/1 of saccharose and 77.52 g/1 of whole sugars 
(DUPAIGNE, 1966). 

Acids are precipitated by the addition of calcium carbonate, 
and pectin by heating. Clarification is by filtering over activated 
charcoal powder. All these procedures can be replaced by filtering 
followed by passage through an ion exchange column. 

The juice is then concentrated in a vacuum. The average recov
ery of a 60° Brix syrup is approximately 15%. The syrup is diluted 
as required to fill the cans of slices. 

The 2nd juice (mill juice) and the residues left after pressing 
can also be used for a series of other products that are discussed 
in the section on by-products of canning. 

Some canneries keep the residues from the 2nd pressing to 
extract more juice (3rd juice) by diffusion in hot water using 
residues of 12° 5 Brix. With highly efficient equipment 2.8 t of 
residues can be treated per hour and 250 l of juice of 5° 5 Brix 
can be obtained per tonne of fruit entering the cannery. 

III.1.2.3.6 .- Recoveries. 

There are as many recoveries as there are canning factories, and 
an equal number of different ways of expressing these values. 
The most commonly used is the number of boxes of 24 no. 2 1/2 
solid pack (average net weight 20.4 kg) cans per tonne of fruits 
entering the cannery. The term solid pack includes slices, half 
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slices, broken slices, chunks, tidbits, cubes and other types of 
fragments, and crush . 

If no. 2 cans are used as the basis for calculation .. it should 
be noted that the boxes only represent 0.68% of a box of no . 2 
1/2 cans (net weight ranging from 13.9 to 14.3 kg). 

Using no. 2 1/2 cans as a basis for calculation it has been es
timated that the majority of modern canneries have a recovery of 
between 18 and 24 boxes per tonne of fruits entering the cannery. 

In West Africa it is more common to use the number of boxes 
of 24 no. 2 solid pack cans and in fact this method has been more 
and more widely used since 1979. Alternatively boxes of 24 no . 
2 cans of slices or parts of slices (but not including crush) are used. 
With the former method, the values obtained are higher than the 
method described above. With the latter they are lower. 

Total recovery can be broken down into a number of sub
recoveries that are expressed as a percentage of the principal prod
ucts and which are generally given as net weights (i.e. pineapple 
slices plus syrup in the case of cans of slices). 

The range of percentages listed below for different types of 
product are more or less representative of modern canneries proc
essing Smooth Cayenne. 

- whole slices ... .. . ... ... ..... .. .. ... .. ... ... . ........ .. .... ...... . 
- parts of slices 

(half slices, broken slices, chunks, tidbits , 
cubes, etc.) ..... .. ... . .... .... .. .. ...... ... .... ....... ...... . . 

- crush ... .. .. .. .... ... ...... .. .. .. ... ..... ... . ........ ........ .... ... . . 
- juice ...... . ....... ..... ...... ... .. .. ...... ...... ..... .... .. ..... . ... . 
- wastes .. .... ... ... ..... ...... ... . ..... ... ... .. ......... .. ........... . 

25 to 35% 

10 to 16% 
4 to 8% 

12 to 20% 
30 to 40% 

(2nd juice - mill juice - extracted from wastes and used to make 
the syrup that fills the cans of slices is not included) . 

Differences between recoveries at different canneries may 
be due to variations in the quality of the raw material. Harvesting 
conditions plus transport and storage conditions play a determin
ing role in this respect and it is a well known fact that there is a 
direct correlation between recovery in slices in particular and the 
delay between harvesting the fruits and processing at the cannery. 
For this rease1; everything· possible should be done to ensure that 
this delay is not longer than 12 hours at the most. 

Certain fruit characteristics have a marked effect on recovery 
in slices, i.e. the shape and weight of the fruit , the texture of the 
flesh and so on. But differences may also be due to the efficiency 
of the processing equipment. Recovery in small canneries, where 
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many operations are carried out manually is often higher than in 
more highly mechanized canneries. Comparable recoveries are 
only obtained by the latter with the use of highly sophisticated 
machinery that is better adapted to the specific character of this 
fruit than are simpler models . But economic factors can also play 
a role. Demand may dictate one type of product rather than anoth
er and this may lead to the transfer of raw material from one 
production line to another. To give but one example, the produc~ 
tion of juice may take preference over crush or even over that of 
broken slices or smaller segments. 

Figures 81 and 82 (after ESTANOVE, 1982) give examples of 
different methods of utilization of the fruit expressed as a per
centage of the whole fresh fruit entering the cannery. 

It will be noted that in the first table, where there is a high 
percentage of large fruits , there is a high proportion of crush. In 
the second, the production of concentrated juice takes prece
dence over crush(*). 

III.1.3.- BY-PRODUCTS OF THE CANNING PROCESS 
(after a study by ESTANOVE, 1982, see bibliography). 

III.1.3.1.- 2nd juice (mill juice) extracted by pressing wastes. 

In addition to its use in the cannery (cf. above) the juice ex
tracted from wastes, which generally is of 6 to 9° Brix, can be 
used for the production of sugar, wine ( cf. table 69 for the com
position of pineapple wine) , ethanol (possibly for medecinal pur
poses) (KOHLS, 1981) , vinegar and yeast, and also for the produc
tion of citrate and bromelin , a proteolytic enzyme. 

Figure 83 lists quantities that can be obtained per tonne of 
fruits entering the cannery. 

Bromelin has been the subject of numerous studies in both the 
main producer countries and in consumer countries. DUP AIGNE 
( 197 5) published an exhaustive synthesis detailing potential uses 
by the pharmaceutical industry for digestive and anti- inflammatory 
products and for use in the manufacture of cattle feed. There are 
several different methods of extraction, precipitation with acetone 
or ammonium sulphate followed by dialysis and ultrafiltration 
(HUET, 1958; MARCILLAT, 1974; TISSEAU Renee, 1977, 1978, 
1979 and 1980). 

(*) - The installation and organization of canneries being beyond the scope of 
this book, those interesred should refer to a study published by ESTANOVE 
in 1982. 
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111.1.3.2.-Press cake (photos 183, 184, 185, 186) . 

If pressing is highly efficient, i.e. 75 to 85% of juice is extract
ed, press cake represents 5.2 to 8 .7% of the tonnage entering the 
cannery . The composition varies enormously depending on the 
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TABLE 65. Sample composition or pineapple wine. 

Ethanol (ethyl a l cohol ) . ... . ...... .. ..... . ... . .. . . 11 . 55 ')(, in volume 
?ropyl a lcohol • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 75 mg/100 m l 
Isobutyl a l cohol .. . .. ... . . . . . .... .... . . . .... ..... 5.05 mg/ 100 m l 
Isoa m yl alcohol •.. ... ..• . .. . , .. . .... ..... . . . . . . . 25 . 2 1 mg/ 100 m l 
Total a l cohols •.. . . .... .. . . . .. . .. ... . . . . .. . .... . 33 . 0 ! mg/ 100 ml 
Acetaldehyde . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0. 93 mg/100 m l 
Ethylacetate ... ... .. . . • . . . .... . ....... . .... . .... 15.08 mg/100 m l 
Volatile acidity ... ... .......... . . . ....... . . .. . . . 5.0 mg/100 ml 
Fixed acidity . . .... .. ....... . ... ... .. .... . .. . .... 35 . 0 mg/100 m l 
Tota l acidit y .. .... .... ....... .. ........... .. .... 40 . 0 mg/100 m l 

ongm of the raw material and the percentage of juice extracted. 
It can be used in raw form as a green fertilizer which is returned 
immediately to the field , or as compost after a period of fermen
tation (analyses carried out in Martinique showed 1.2% N, 0 .9% 
K; 0.18% C and traces of Mg). Despite the fact it is not particular
ly rich, it can nevertheless help improve soil fertility; profitability 
mainly depends on the cost of transport. 

Press cake can also be used as cattle feed, either fresh - although 
problems can arise due to the rapid evolution of the product 
(fermentation)- or in the form of silage (photo 186), or dehydrated 
as pineapple bran. Press cake is well liked by cattle and is an energy
providing food both in the fresh and dehydrated forms (0 .81 feed 
units, 65 to 70 total digestible nutriment), i.e. far superior to 
tropical Graminaceae (Poaceae) and can consequently profitably 
replace this type of fodder (MULLER, 1978) in the feed ration 
for ruminants. However, even after the addition of appropriate 
quantities of nitrogen (pineapple press cake is very low in nitrogen), 
the zootechnical performance of both raw waste and (press cake 
is) mediocre (COMPAAN and BISHOP, 1968; SCHULTZ and 
SETT, 1977; GEOFFROY , 1977), as low dry matter (10 to 15%) 
limits the quantity that can be con~umed: 

Dehydration of the press cake (which can represent 2.5 to 
3.0% of the total fruit weight entering the cannery) as practised 
by some Hawaiian companies is certainly the most satisfactory 
solution, although the high cost of energy means this is a very 
expensive method of preservation (OTAGAKI, LOFGREEN, COBB 
and DULL, 1961). All authors agree that well-managed ensilage 
produces feed that is well liked by the animals. However, products 
with high dry matter content and/ or that are rich in nitrogen 
(rice straw, maize flour , urea) (O'DONAVAN et al., 1972) or 
wheat bran (GEOFFROY and SAMINADIN, 1978) should be 
added before ensilage to increase the dry matter content and thus 
limit losses during the course of ensilage, to increase the quantity 
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that can be eaten and to correct deficiences. The resulting prod
uct will then have between 25 and 35% dry matter content. 

When efficient hydraulic presses are used_, the dry matter con
tent of the cake after extraction of the mill juice is equal to or 
more than 25% (table 66). Press cake that is immediately ensi
laged with 27% dry matter keeps well and is well-liked by ani
mals. With the addition of soya bran for the extra nitrogen, the 
result is a high-quality fattening feed whose performance equals 
that of concentrated feed (GEOFFROY, 1982). · 

A further potential product is biogas which is obtained after 
fermentation (N'GUESSAN, 1981). One tonne of press cake 
(cf. above) can produce 112 m3 of biogas (65% of CH4 + 35% of 
CO2). Residues from this process can be used as compost or possi
bly in the manufacture of paper. 

111.1.4.- FROZEN AND/OR DEHYDRATED PINEAPPLE 
PRODUCTS 

This type of product is most often produced by small indus
trial companies or workshops that specialize in the processing of 
a whole range of fruits and vegetables. 

111.1.4.2.- Frozen products. 

The best-known product in this category is water ice (sorbet) , 
which is popular in both producer and consumer countries. 

An original form of presentation is reconstituted pineapple 

TABLE 66 . Mean composition of press cake according to different type of equipment used. 

Trea t men t 
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Dry ma tte r (0o) 

Compos iti on o f dry ma tte r : 

- A s h 
- Prote in con ten t 

(:\ X 6 . 25) 
- C rude fi bers 
- ADF ( ac id de te r ge nt 

fibe r ) 
- li gnin e 
- solubl e g luc ids 

( 1 ) SCHULTZ & SETT, 1977 
(2) GEOFFREY & SAM IND!N , 197 8 
( 3) !RF A , 1980 

Se r e \,· press H,·drau li c 
passage( ! ) 2 pas sages ( 2) press (3) 

13.5 20 . 2 32 . I 

2. 7 4 . 8 2.0 

3 .2 4.3 4 . 4 

8.2 - 21. 18 

- J 9 . I -
- 3 . 4 0 . 5 

- 17. 5 4.4 



468 USES OF PINEAPPLE 

slices made of sweetened juice with high pulp content (100 g 
sugar/I) , each slice being wrapped individually for sale (DUPAI
GNE, 1967). Another recent popular idea is a frozen pineapple 
filled with water-ice, using small pineapples with reduced crowns. 
A lid is removed, comprising the top fifth of the fruit, and the 
flesh is removed from the bottom part. Both parts of the shell 
are frozen at a low temperature and then filled with either ice 
cream or water ice, and the lid is then replaced. When the pineapple 
is served, atmospheric condensation gives an attractive frosted 
effect. The empty shell may also be used to serve fresh fruit salad. 

Sometimes broken slices, chunks or tidbits in heavy syrup 
are packed in moisture-proof cardboard containers, covered with 
plastic film and deep frozen. 

111.1.4.2.- Dehydration products. 

The best-known product of this type is dried pineapple slices. 
The fruit cylinder is cut into thin slices and dehydrated in 

heat. A South African author (Anonymous, 1948) recommends 
preservation by drying the slices for 2 hours at 71 °C, followed by 
4 hours at 54.5°C before dipping in a solution of sodium bisulphate 
at 1% S02. Other authors recommend initial treatment with S02 
gas. Average recovery is 6 kg finished product per 100 kg fresh 
fruits. Due to the increase in the cost of energy, solar drying is 
now under study. 

Lyophilization results in a whole range of high-quality prod
ucts: very thin slices, pieces and powdered juice. However, the 
high cost of this method of processing limits its application . 

111.1.5.- OTHER PRODUCTS. 

Jam. 

Jam was being made in all pineapple producing countries 
long before the rise in the pineapple industry. 

Since pineapple jam often lacks acidity, the juice of very acid 
fruits such as passion fruit or lemon is added to make it more 
acceptable to the consumer. Some brands of jam that include 
lemon juice resemble bitter orange marmalade. 

Alcoholic drinks. 

As soon as people realized pineapples were edible they learned 
how to make alcoholic drinks out of the juice. The range of prod-
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ucts now manufactured is large and includes wine, spirits, liqueurs 
and so on. Table 65 shows the composition of pineapple wine, 
to cite one example. 

Pineapple chips. 

These may be used as cocktail snacks and as a garnish for 
hors-d'oeuvres and frozen products. 





111.2.- USE OF THE VEGETATIVE PARTS OF THE PLANT 
(OTHER THAN THE FRUIT) 

In the majority of cases the plant mass, compnsmg leaves, 
stem and possibly various types of shoots not used as planting 
material, is returned to the soil to help maintain fertility (LA
COEUILHE, 1974a) (cf. II.7). However, other uses may be en
visaged. 

III.2.1.- CATTLE FEED. 

It is still quite common to let cattle out to graze old pineapple 
plantations, but this has the disadvantage of compacting the soil. 
In technically more advanced countries there is a tendency to 
recover all or part of the plant mass that is available for use as 
cattle feed_,under controlled conditions. 

The total quantity of plant material may be greater if the 
plantation is equipped to recover bromelin, which is found mainly 
in the stem (MONROE and SMITH, 1979). 

The composition of the fresh or ensilaged plant mass can show 
marked variations from sample to sample (OTAGAKI and MORI
TA, 1964; CHEN-MAO-CHIANG and CHEN CHAN PO, 1974; 
BISHOP and NELL, 1974; MULLER, 1978; KELLEMS et al., 
1979) . According to data gathered by MULLER (1978) the result
ing product has a mean energy value of 1.27 mega cal/kg, i.e. 
0.7 milk-fodder units, and a mean nitrogen concentration of 7.4%, 
and can thus be qualified as good tropical fodder. 

Pineapple silage was given as the only fodder crop over a period 
of two lactation cycles (BISHOP, 197 4) or as a substitute for 
pineapple bran (STANLEY and MORITA, 1966) to dairy cows,and 
the resulting milk production was almost the same as that obtained 
with traditional fodder. With added soya bran, pineapple silage 
fed to Hereford bull calves resulted in a mean daily weight in
crease of 0.775 kg (KELLEMS et al., 1979). 



TABLE 67 - Mean composition of crop residues (fresh and silage). 

OTAGAKI & SATAPATHY CHEN - MAO MULLER KELLEMS HENKE 
MORITA & al- C HIA NG & a l. 

1959 1967 1972 1978 1979 1945 
Hawaii India TaiWan Malaysi a Hawaii Hawaii 

Fr esh 

Dry matter 20.6 22 . 0 16 . 6 23.6 14. 5 16.0 

Composition of dry matter : 
. Ash 4.90 6 . 8 6 . 0 4 . 2 5.5 9 .0 
. Protein conten t (N x 6 .25) 9 .0 8 .0 5 . 3 6 . 3 6 . 4 10.1 
. Crude fibers 23.6 26.0 23.2 23.6 - 22.8 
. G!ucids obtained by differentiation 60 .9 56.5 59.3 63 . 8 - -
. Ether extract s 1. 55 2.7 6.2 2.1 2.6 3·_3 
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Silage 

Dry matter 21. 3 18- 21 17. 5 19.0 22.8 19.3 21.3 

Composition of dry matter : 
. Ash 7.0 - 6 .6 7.3 10.1 9 . 6 6.8 
. Protein content ( N x 6 . 25) 7 . 5 6 . 9- 8 . 3 9 .0 5. 7 5.7 4.9 7.6 
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. Glucids obtained by differenti ation 60 .0 - 56.2 50.2 61.0 57.9 -
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Considering these data as a whole, it is feasible to envisage the 
cultivation of pineapple solely as a fodder crop. Using recent 
cultivation techniques, it would be possible to harvest 700.5 t/ 
ha of fresh product with 9 harvests over a 4 1/2 year period, which 
corresponds to an average of 155.7 t/ha/year of raw material, 
i.e. 2.5 t/year of product containing 90% dry matter (PHILIPP, 
SANFORD and STANLEY, 1973). 

The vegetative parts of the plant can also be dehydrated (OTA
GARI et al., 1961) as is the case in the production of filter press 
cake. 

III.2.2.- FIBRES - PAPER. 

Pineapple leaves contain fine, silky, medium- length fibres 
with high tensile strength. 

In both the Philippines and Taiwan, local varieties (Native 
Philippines Red in the case of the Philippines) are grown on small 
farms for this purpose. The plants are grown in the shade to en
courage elongation of the leaves. Extraction and preparation 
techniques can be found in the following document: The Phi
lippines recommendations for pineapple, 1977). Yields are around 
1 to 1.5% of total weight, i.e. 500 kg/ha of pineapple planted at a 
density of 50,000 plants/ha. 

The best.quality fibres are used in the manufacture of luxury 
clothes (shirts, blouses, dresses, etc.). Coarser fibres are used in 
rope making. 

In Brazil,fibres of wild species (mainly Ananas erectifolius, but 
also other species A . bracteatus, A. ananassoides) are used in the 
manufacture of rope and fishing nets ( GIACOMELLI and PY, 
1981). The fibres of the Smooth Cayenne CV have less tensile 
strength than the other species mentioned. 

Pineapple fibre can also be used to make pulp for paper by 
mixing with bagasse in the following proportions : 1 part pineapple 
leaves to 9 parts bagasse (HENG TAN TEK, 1963). 

III.2.3.- BROMELIN. 

The stem is the main source of bromelin; 1 to 1.3% commercial 
bromelin can be extracted from decorticated stem (TISSEAU 
Renee, 1980; DE LIMA and ROMANELLI, 1977) . U.S. Patent 
Office patent Nr. 3 002 89 mentions a recovery of 0.5 to 1 % of 
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product containing 4,600 units using juice extracted from the stem 
( one unit corresponds to the quantity of enzyme needed to clot a 
solution containing 5% skimmed milk adjusted to a pH of 5.3 at 
37° 5 C in one minute) . 



111.3.- USE OF THE WHOLE PLANT AS A SOURCE OF ENERGY 

Using studies by CARVALHO et al., (1980) and N'GUESSAN 
(1981) as a basis, ESTANOVE (1982) calculated the quantities of 
ethanol and biogas that one can expect to obtain with intensive 
cultivation of the Smooth Cayenne CV using techniques practis
ed in Martinique and the Ivory Coast that correspond to a total 
weight/ha of 266 t (55,000 plants/ha with each plant weighing 
an average of 4,845 g, the latter value includes the fruit and a small 
proportion of the root system). 

Given that the fruit represents 70% juice (15° Brix) and 30% 
press cake (25% dry matter) and that the percentage of dry matter 
in the vegetative parts of the plant (stem and leaves) is 23.2, the 
author obtained the values given in table 68. Theoretical quanti
ties of intermediate and final products are given as a percentage 
of initial weight. The results/ha are : 

- ethanol ..... ....... .. .............. . . 
- biogas .. ..... ......... ................ . 

11,567.41 
9,266.7 m 3 

i.e. per month of soil occupation (based on a cycle of 24 months) : 

- ethanol ... .. ... ........ .. ....... ... ... . 
- biogas ... ........ ..... ........ .... ... .. . 

481.991 
386.11 m3 

The quantity of ethanol produced is noticeably less than that 
produced by sugar cane (710 I/month) (CARVALHO et al., 1980). 
However, if the criterion is the quantities of ethanol produced per 
mm of rainfall (it is estimated that 180 mm of rainfall/month is 
needed for sugar cane, 125 mm for manioc and 83 mm for pine
apple) (MARZOLA and BARTHOLOMEW, 1979), the values are 
then 3.9, 4.1 and 5.8 1/mm respectively and the advantage of pine
apple immediately becomes clear. However, it should be noted that 
pineapple requires more care and attention d~ing cultivation than 
the other two crops and also more energy (for ·the manufacture 
of production aids, i.e.: machinery, pesticides etc. and implements) 
(SANFORD, 1981). 



TABLE 68 - The pineapple as a source of energy. 
Intermediary and final products as a percentage of initial weight (after ESTANOVE, 1982). 

of whi c h as a% Sugar equivalents 
')(, dr y matter sugar starch non s ugar as a percentage re 3 . 99 ')(, - - - --- - -------- ___ ___________ ..,.. 

3 . 99 
Fruit 26 . 6 ')(, 

r- 38 ')(, Press cake 
2. 85 o. 135 ')(, ---- - - - - --- - - j 0 . 862 %- - ---

11.4 ')(, 

0 . 66 1 ')(, -------

Whole p l ant 
2 . 055')(, - to---- - - - -----

14. 16 o. 65 6 ')(, -- - ---- ------
-~12.413 %-- -.-Vegetative parts 

1. 597 ')(, ---- - - -~ o f plant 62 % 

12.001 %- - -- - -- - -----

It i s a ssume d that : 
1 kg s tar c h produces 1 . 1 kg sugar 
1 kg sugar produces 0 . 484 kg e thanol 
1 kg dry matte r containe d in pineapple press cakes provides 450 litres of biogas (65 ')(, CH4 + 35 ')(, CO 2 ) 
1 kg of dry m atter contained i n the more or Jess woody vegetative pa rts of the p l ant provides 160 litres biogas 

')(, of e t hanol 

1. 93 1 ')(, 

0 . 417 ')(, 

- -------

1. 167 ')(, 

--------

Biagas in litres 

.- 1 282.2 % 

-.. 2 281.6 
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-J 
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USE OF THE WHOLE PLANT AS A SOURCE OF ENERGY 4 77 

As already mentioned, there are many potential uses for pine
apple, both the fruit and the whole plant. Some canneries have 
already progressed a long way towards optimum utilization of the 
fruit, but the majority do no more than use the flesh for the most 
popular pineapple products: slices, half slices, broken slices (chunks, 
tidbits etc.) , crush · and juice. Some only use the cylinder and 
do not even use the remaining flesh attached to the inside of the 
shell to make juice. 

In the majority of canneries, ~astes still represent around 35% 
of the weight of the fruits on reception at the cannery. However, 
from the 1960s on, techniques for the extraction of 2nd juice 
(mill juice) by pressing wastes became not only more widespread 
but also better thanks to improved presses and complementary 
techniques of recovering sugar by diffusion. 

But relatively little progress has been made in the use of press 
cake as cattle feed, although the idea was introduced in the ear
liest years of the pineapple industry. A lot of work still remains to 
be done in this particular field as well as in potential uses of both 
wastes and the edible part of the fruit. 

As far as the plant itself is concerned, extraction of bromelin 
on an industrial scale is only undertaken in Hawaii, and in many 
countries the use of the plant as a fodder crop is limited to turning 
old plantations into temporary grazing. 

Finally, projects for the use of pineapple as a source of energy 
are still in their infancy. 

We hope that this brief summary of potential uses will con
tribute to better utilization of all pineapple products in the near 
future. 





PART FOUR 

ECONOMIC ASPECTS 





It is extremely difficult to define economic reality with respect 
to pineapple because data are often incomplete, inaccurate or 
erroneous. Consequently, estimates have had to be used in spite 
of the risk involved. In addition, since given situations are basically 
always 'in flux', this section is more concerned with the analysis 
of the evolution that has taken place over the past ten to fifty 
years, rather than the situation that existed at the beginning of the 
1980s. Basic information was obtained from the F AO and addi
tional information from other sources, in particular from the Agro
Economics department of IRFA (SUBRA and NA VILLE, 1982). 





IV .1.- MAIN STAGES IN THE DEVELOPMENT 
OF THE PINEAPPLE INDUSTRY 

Pineapple has been used to vary the human diet ever since its 
original 'discovery' and domestication by man, particularly in the 
regions where the species originated (South America, cf. 1.1). 
However, with the development of world trade, the cultivation and 
utilization of pineapple spread rapidly to other parts of the world. 
Today, pineapple is cultivated in all hot, wet inter-tropical regions, 
i.e. mainly close to the equator, in low altitude areas and along 
coastal plains that have hotter, moister climates than the centre of 
continental masses (fig. 84). Nevertheless in some regions pineapple 
is cultivated under conditions that are far from being ecologically 
the most suited to taking advantage of neraby large-scale markets. 
This is particularly true of the Azores and the Canary islands, 
which have close links with western Europe, and also of Florida 
and the Bahamas, which are near the big, urban centres of the 
United States. It is also true of certain parts of South Africa, 
Australia and South America in the southern hemisphere, which 
are near big industrial centres. 

Producers attempted to use the sea links that were being set up 
between tropical regions and economically more developed coun
tries very early on, as these were the potential market places for the 
sale of fresh fruits. Many of the attempts failed due to the perish
able nature of the fruit. As a result, efforts were made to accli
matize the plant by growing it in greenhouses, mainly in western 
Europe, i.e. Britain, France and Spain (in France Louis XIV is said 
to be the first person privileged to taste a pineapple grown in the 
Royal greenhouses at Versailles). 

It was only considerably later, from the middle of the 19th 
century, that sea trade started to develop between North America 
and Cuba, Puerto Rico and the Bahamas, and with it the develop
ment of export crops. More or less simultaneously, the Bahamas 
started exporting pineapples to Britain by sending the whole plant 
(ANONYMOUS). Cuban and Puerto Rico pineapple production 
gradually started to rival that of Florida ( export: .rom Florida 
peaked in 1911 with a total of approximately 20,000 t) and later 
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that of the Bahamas. On the other hand, production in the Azores 
continued at a respectable rate right up until the early 1970s. It 
started in the middle of the last century (ZEYEN, 1951) and was 
almost the only source of imports to western Europe up to the 
second World War (1939-1945). From the early 1970s on, in
creasing competition from Africa has led to a progressive decline, 
although the specificity of production in the Azores has meant 
that some activity has been able to continue in this sector. 

The development of sterilizing and canning techniques at the 
end of the 19th century was the turning point in the rise of the 
pineapple industry. 

The first attempts to can pineapple were made in Hawaii in 
1882, but it was not until ten years later that the canning industry 
in Hawaii really got underway . Smooth Cayenne was the most 
commonly used CV (JOHNSON, M.O., 1935). A key event in the 
development of the infant industry was the setting up of a can
making factory in 1906, and later the invention of the GINACA 
machine in 1943, which automatically cut away the shell to form 
the fruit cylinder and at the same time removed the core. 

Pineapple-canning industries developed simultaneously in sev
eral south-east Asian countries, i.e. Taiwan from 1902 (CHANG 
CHANG YU cited by COLLINS, 1960), Malaysia from 1888 
NEVILLE, 1963), and the British Commonwealth countries, 
Australia and South Africa. 

In the Caribbean, canning factories were set up in Martinique in 
1908 and about the same time in Cuba and Puerto Rico. 

Hawaiian companies that were worried that the development of 
wilt disease in Hawaii could lead to the destruction of the entire 
industry , set up pineapple canneries in the Philippines and Kenya 
in 1920. 

The Second World War saw the ruin of the majority of pine
apple plantations and canneries in South-East Asia, and in addition, 
restrictions in world trade put a stop to the development of the 
industry even in countries not directly involved in the war. One 
country, Mexico, was able to turn the situation to its advantage 
and develop a pineapple industry of its own. 

Immediately after the war, there was a renewal of growth in 
the pineapple industry because of increased demand due to a rise 
in the standard of living in Western Europe, North America and 
Japan, where rapid industrialisation was underway. Hawaii, which 
had enjoyed an almost complete monopoly at the beginning of 
the 1950s, now had to face competition from other countries. 
By 1970, the Ivory Coast, where the industry started from scratch 
in 1950, was among top world producers, and Thailand joined 



486 ECONOMIC ASPECTS 

the club somewhat later. The Philippines also almost doubled 
its output because of the creation of a second Hawaiian subsidiary 
in 1963. 

Parallel to the rapid progress made by the pineapple canning 
industry , exports of fresh pineapple from Cuba and Puerto Rico 
to North America also underwent considerable expansion. Exports 
from Cuba were, 57,000 t in 1930 and 43 ,000 t just before the 
outbreak of the Second World War ; exports from Puerto Rico 
reached almost 10,000 t , and from Mexico 6 ,000 t during the 
same period. 

With the improvement and expansion of refrigerated sea trans
port in the 1950s, the Caribbean lost its quasi-monopoly in the 
export of fresh pineapples (the only other countries mentioned 
in statistics published at that time were Brazil, which sold 2-3 ,000 
t to Argentina; the Philippines, which exported 8 ,000 t to neigh
bourring countries; and the Azores, which exported 3,000 t) . West 
Africa began to produce fresh fruits for export to western Europe. 
Taiwan, followed a short time later by Hawaii, started to devote 
a certain percentage of production to fresh pineapples for export
Taiwan to Japan, and Hawaii to mainland USA. Subsequently, 
during the 1970s, the Philippines started to export enormous 
quantities of fresh pineapples to Japan. 

Thus, although exports of fresh pineapples started earlier than 
canning, they only recently started to expand rapidly, after having 
remained a marginal activity throughout the period that saw the 
rise of the pineapple canning industry. 



IV.2.-PRODUCTION AND MARKETS 

IV.2.1.-WORLD PRODUCTION OF FRESH FRUITS 

Table 69 gives as much information as pos~ible on pineapple 
production in the 1970s and early 1980s together with available 
information for the 1960s and 1950s. As already mentioned, this 
information is far from complete. In addition, it should be noted 
that only countries with annual production figures over 1,000 t 
have been included. Entire geographical regions have also been 
included under the heading of a specific 'country', as political 
boundaries sometimes do not follow natural environmental bound
aries. 

During the early 1980s, world production stood at about 
10,000,000 t, almost double the figures given for 10 years pre
viously, and production had almost doubled during the preceding 
decade. More than half of world production currently takes place in 
South East Asia, more than a quarter in America and the remainder 
is split up between the Caribbean, Africa and Oceania. 

At the beginning of 1980, 20 countries in the world were 
producing more than 100,000 t annually (9 of these were in S.E. 
Asia) and of the 20, 6 had annual production figures over 500,000 
t , i.e. Brazil, Hawaii, China, India, the Philippines and Thailand 
(4 in S.E. Asia), statistics that bear witness to the role played 
by Asia in international trade. 

The year 1980 was a turning point in production trends. Until 
this date, production had continually increased, and afterwards it 
decreased or stagnated. There are now large differences from one 
country to another. Hawaii remains one of the leaders in total 
production, but it has lost about 1 % per year. There has been a 
particularly large decrease in production in Taiwan and Malaysia, 
but large increases in India, the Philippines, Thailand and Indone
sia . In Africa, only Kenya showed a significant increase, and in the 
Americas, only Brazil. 



TABLE 69 · World production of pineapple and estimates (thousands or tons) (countries with an annual production or less than one thousand tons are not included) . 
Countries with an annual production of more than one hundred tons are underlined. 

50 60 70 71 72 73 74 75 76 77 78 79 80 

~ 
• Angola - - 18 E 20 E 20 E 22 E 22 E 22 E 25 E 25 E 20 E 20 E 21 E 
• Benin - - 3 3 E 3 E 3 E 3 E 3 E 3 E 3 E 3 E 3 E 3 E 
• Cameroon - l 6 5 6 7 18 9 10 18 14 E 32 E 32 E 
• Congo - - 90 92 95 98 98 99 99 100 100 E 102 E 104 E 
• Central African Rep. l E l E l E l E l E l E l E 
• Ghana 30 29 23 29 35 16 25 28 29 3 5 E 
• Guinea ll4 13 15 12 12 13 14 7 7 16 16 17 E 
• Ivoiry Coast 23 111 139 203 199 228 240 272 242 312 315 330 
• Kenya 12 32 34 36 48 44 73 Inn 110 E 130 E 140 E 145 E 
• Liberia 7 6 E 7 E 7 E 7 E 7 E 7 E 7 E 7 E 8 E 8 E 
• Madagascar 5 35 46 48 47 55 74 39 43 48 51 E 55 E 
• Hau rltius 4 l l - l E l E l E l E l E 
• Mozambique 18 18 E 18 E 18 E 18 E 11 E 13 E 13 E 13 E 13 E 13 E 
• Reunion {France) l l l l 2 2 3 3 2 l 4 E 4 E 
• South Africa 28 136 172 174 187 174 194 177 182 159 167 212 210 
• Sudan 3 E 4 E 4 4 4 E 4 E 4 E 4 E 4 E 4 E 5 E 
• s..,aziland 2 10 9 8 14 21 17 18 18 28 E 30 E 27 E 
• Tanzania 36 38 E 40 E 42 E 44 E 45 E 45 E 46 E 45 E 46 E 47 E 
• Zaire 175 154 161 150 171 178 167 160 147 152 158 E 

Total Africa 730 787 876 57; 979 994 ~ 021 ~ 018 ~ 108 ~ 152 ~ 187 

~ 
• North and Central 

• Co1ta Ri ca 5 6 6 8 8 E 8 E 9 E 9 E 9 E 9 E 9 E 
• Cuba 101 102 14 21 32 31 30 22 21 22 18 14 18 E 
• Dominican Rep. 10 4 13 15 18 18 18 19 19 19 20 18 20 
• El Salvador 33 35 34 30 27 30 23 n 17 22 23 
• Guadeloupe {France) 3 l 3 l 2 2 2 - - - - -
• Quatemala 17 17 E 18 E 18 E 18 E 19 E 20 E 21 E 17 E 23 E 18 E 
• Hartl l E l E l E l • l E 2 E 2 E 2 E 2 E 2 E 2 E 
• Ha..,al {U.S.A.) 701 945 865 855 859 735 635 653 617 626 612 618 596 
• Honduraa 2 5 20 E 13 E 13 E 15 E 17 E 31 E 28 E 30 E 31 E 32 E 
• Jamatca l 4 6 7 5 4 4 E 5 E 5 E 5 E 5 E 6 E 
• Martinique {France ) 4 19 18 23 27 22 26 24 16 14 17 15 18 
• Mexico 129 181 208 340 362 268 397 371 442 510 568 632 605 
• Nicaragua 25 27 E 28 E 29 E 31 E 33 E J~ E 35 E >6 E " E ~E 
• Panama 3 5 5 6 7 7 7 7 8 8 8 
• Porto Rico {U.S.A.) 36 42 49 52 44 38 40 43 38 39 34 40 35 
• Trinidad 2 2 E 2 E 2 2 2 2 2 2 3 3 

• South 
• Argentina l 2 l 4 4 4 4 4 4 3 3 E 
• Bolivia • 5 7 7 8 8 9 9 10 11 7 E 8 E 
• Brazil 165 267 424 385 350 488 500 515 525 551 575 580 566 
• Colombia ., 8_7 89 100 115 134 105 110 85 ]05 127 
• Ecuador 58 59 56 73 45 98 134 130 118 125 125 135 E 
• Guyana l 2 2 2 l 2 2 2 2 2 2 E 
• Paraguay 10 35 35 36 37 39 32 35 38 33 34 35 E 
• Peru 62 53 50 50 51 56 55 56 E 58 E 46 E 48 E 
• Venezuela 35 35 40 41 35 34 54 122 69 76 83 

Total America 2 073 2 080 ~ 105 ~001 2023 2 155 2 205 2 345 2 361 2459 2443 

81 82 83 

35 E 35 E 35 E 
3 E 3 E 3 E 

33 E 31 E 30 E 
103 E 104 E 105 E 

1 E 1 E 1 E 
5 E 6 E 5 E 

17 E 17 E 18 E 
350 E 233 E 200 E 
150 E 155 E 160 E 

7 E 7 E 7 E 
49 50 50 
- 1 E 1 E 
13 E 13 E 13 E 

4 E 4 E 4 E 
243 249 210 

5 E 5 E , E 
28 E 35 37 
48 E 49 E 50 E 

153 E 160 E 160 E 

~ 246 1 154 1 094 

9 E 10 E 10 E 
15 16 13 
25 25 25 
16 16 18 
- 2 2 
34 35 E 35 E 

2 • 2 E 2 E 
577 608 655 

30 35 37 
5 8 7 E 

20 24 24 
463 444 430 

35 E 36 E 37 E 
7 7 7 E 

38 35 36 
3 E 3 E 3 E 

3 4 3 E 
8 E 8 E 8 E 

619 688 825 
124 140 106 
140 137 92 

2. 2 • 2 
35 E 35 E 36 E 
50. 51 E 52 E 
80 62 54 

2 340 2 412 2 523 

84 

35 E 
3 E 

32 E 
105 E 

1 E 
5 E 

20 E 
220 E 
165 E 

7 E 
50 

1 E 
13 E 

4 E 
153 

5 E 
35 E 
50 E 

180 E 

1 064 

10 E 
17 
25 E 
17 E 

2 E 
36 E 

2 E 
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37 
7 E 

23 E 
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8. 
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~ 
• Bangladeah 
• Brunei 
• China 

• of which Tatwan 
.. India 
• Indoneaia 
• Kampuchea 
• Lao, 
• Ma laysia 
• Phil ippinea 
• Ryu Kyu (Japan) 
• Sri Lanka 
• Thailand 
• Vietn8tQ 

Total Aaia 

Europe 

• Azore, (Portugal ) 
• Canary Ia (Span) 

Tota l Europe 

~ 
• Auatral ia 
• Cook Ia ( New Zeland) 
• Fidji 
• Papua 
• Polynes ia (Fr ance ) 
• Samoa 

t'otal Oceania 

GRAND TOTAL 

Common legend 

50 60 70 71 

94 91 
2 E 2 E 

on, E . , . 
{45) <16 7) (338) 1359) 

98 E 100 E 

'" 0 
33 19 
25 E 25 E 

25 14 7 283 262 
50 134 233 282 

27 67 71 
25 38 37 

256 242 240 
54 33 34 

2 059 2 126 

1 2 2 2 
2 2 2 

4 4 4 

50 74 141 154 
2 2 
l E 1 E 
7 E 7 E 

4 E 4 E 

155 168 

ls 021 5031 

decreaae in production 
a light fluctuation in production 

+ a light i ncreaae in ~reduction 
Continental China and Vietnam 
non i nc luded 

72 

99 
2 E . " -

<334) 
95 E 
20 
12 
26 E 

255 
293 
60 
38 

319 
33 

2 189 

2 
2 

4 

126 
1 
l E 
7 E 

4 E 

139 

5 313 

73 74 75 76 77 78 79 80 81 82 83 84 

111 124 138 144 142 140 142 E 142 s 156 161 160 E 165 E 
2 E 2 E 2 E 2 E 2 E 2 E 2 E 2 E 4 E 4 E 4 E 4 E 

OS\ < .... AA ? E 862 E 885 E 873 E 888 E 868 E -
<328) < 308) < 319 ) (279) (282) (250) (245) (233) E (264)E (279)E (240)E (252 )E 

98 E 100 E 105 E 110 E 110 E 112 E >00 E 549 E 593 843 660 E 691 E 
126 122 120 119 120 151 259 262 132 E 297 230 E 299 E 

11 E 10 E 10 E 9 E 9 E 7 E 5 E 6 E 5 E 6 E 7 E 8 E 
26 E 27 E 24 E 26 E 28 E 26 E 30 E 32 E 32 E 34 E 36 E 38 E 

242 245 199 194 19, 100 193 '"' 155 188 183 181 E 
l>05 409 424 420 780 815 875 1281 1 293 1 24 2 1 000 E 1 250 E 

85 77 65 59 49 55 E 53 E 56 E 58 52 44 55 E 
42 44 49 63 52 78 94 46 E 42 40 41 E 42 E 

483 804 1 151 1295 1499 1540 1372 1 680 p_ 673 1 434 ~ 537 1 650 
30 34 E 35 E 35 E 36 E 37 E 265 E JlO E 350 E - - -

2 516 2 84'1 3 204 3 338 3 882 4 067 4 678 5429 f4 757 4 744 ~ 523 5 030 

2 2 2 2 2 2 l E l E ,__ 2 E 2E 2 E 
2 2 2 2 2 2 2 2 E 2 E 2 E 2 E 2 E 

4 4 4 4 4 4 3 3 4 E 4 E 4 E 4 E 

129 116 103 112 117 122 151 141 126 111 121 118 
1 2 1 3 1 2 3 3 E 2 E 2 E 2 E 2 E 
l E l E 1 E 1 E l E 1 E l E l E 1 E 1 E l E 1 E 
7 E 8 E 8 E 8 E 8 E 8 E 8 E 8 E 9 E 9 E 9 E 10 E 

2 E 2 • 2 E 1 1 2 2 E 
5 E 5 E 5 E 5 E 5 E 5 E 5 E 5 E , - - - -

143 132 118 129 132 140 170 160 130 141 138 

5 541 5 978 6 4 75 6 697 7 363 7 660 8462 r, 222 8 444 ifl 282 8 752 • 

++ large increaae in production (production approximately doubled in 10 years ) 
+++ very large incre&8e in produc tion (pr oduction approximately t r ipled in 10 yea.re) 
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IV.2.2.- LOCAL CONSUMPTION 

Local consumption is difficult to assess. The only way of 
estimating it is by subtracting figures for export of fresh fruits and 
estimated tonnages used for canning (which are mainly destined 
for export - with the exception of Australia, where the majority 
of production of cans is for home consumption) from total world 
production figures . 

Using this method of estimation and assuming the tonnage 
entering the cannery to be double the tonnage leaving in the form 
of cans (slices, chunks, crush, etc., i.e. solid pack), local consump
tion at the beginning of the 1980s (mainly fresh fruits) corres
ponded to about 7 5% of total world production. 

Considered from the point of view of international trade, 
the number of countries concerned is very small. 

IV.2.3.- EXPORTS OF FRESH PINEAPPLES - IMPORTS 

Tables 70 and 71 give figures for exports and imports. Figure 
85 shows diagramatically the flow of produce from production 
areas to consumer markets. Solid arrows show the transport of 
fruits between areas belonging to the same political entity. The 
wider the arrow, the larger the quantity of pineapples transported. 

At the beginning of the 1980s the total tonnage of fresh pine
apple was close to 500,000 t or approximately 5% of world pro
duction,more than double the figures given for ten years previously. 

There are currently three main centres of consumption, and all 
three are undergoing rapid expansion: 

- N. America, i.e. U.S.A. and Canada, 
- Western Europe, 
- Japan. 
Naturally the countries that supply these highly industrialized 

areas are those located nearby, and close links have been established 
i.e. : 
- in the case of the United States, imports come from Hawaii (fruits 
from Hawaii sold to mainland U.S. cannot be considered 'true 
exports ' , Puerto Rico (the same goes hare, although the political 
status of Puerto Rico is different from that of Hawaii), and several 
Latin American and Caribbean countries, i.e. Mexico, Honduras, 
Costa Rica and the Dominican Republic. Pineapples from Hawaii 
and Puerto Rico are shipped in refrigerated containers, those from 
Mexico are transported by land. A large proportion of pineapples 
exported from Mexico are used for the production of canned fruit 
salad. 



TABLE 70 . Exports of fresh pineapples in thousands of tons and estimates (countries with annual exports of less than one thousand tons are not included). 

50 60 70 71 72 7 3 74 7 5 

Afri ca 
. An gol a - - - - - - 1 1 
. Came roon I I I I 2 2 3 
. Guinea I 3 10 10 12 4 6 4 
. Ivory Coas t l 3 23 21 39 44 62 6 8 
. Ke nya - - <1 1 2 2 1 l 
. South Afri c a 1 - 6 6 5 3 2 2 

Ame ri c a 
. Brazil 24 17 14 14 7 10 13 7 
. Cuba 37 - - 2 2 2 - -
. Dominican Re publi c - - - - - - - -
. Ec uador - - I l I I - -
. Hawaii (USA ) (to main 

1 and USA and fore ign - - 29 23 30 - - 47 
countries ) 

. Honduras - - 4 8 11 9 11 15 

. Ma rt i nique ( France) - - 3 5 5 3 2 <l 

. Me xi c o 3 17 8 9 16 14 13 17 

. Paraguay - - - l I - 3 I 

As ia 
--:--ii1ala ys ia ( l ) - - ( 41 ) ( 42 ) (34 ) ( 30 ) ( 27 ) ( 23 ) 

. Tai"wan - - 34 44 66 49 9 18 

. Phi li ppines - - 3 5 9 10 2 8 44 

. Vie tnam - - - - - - - -

Europe 
. Azores (Portugal) - - 2 <J <'. I <'.I <1 <. I 

Grand Total 179 193 241 183 180 251 

( 1) Export by road vi a S ingapore loc ate d a fe w miles fro m production zone 
( 2 ) Source : US Departme nt of Agric ulture 

76 77 78 79 80 8 1 82 

1 l I I l .C. I ..CI 
5 5 7 9 5 3 3 
3 2 3E 3 E 3 E .c. 1 <: 1 

6 3 62 94 91 90 98 95 
1 2 3 2 2 1 I 
1 I 2 3 5 4 4 

5 10 12 19 20 16 10 
- - - - - - -
- - - - - - 7 

I - - - - ..CI .Cl 

50 59 71 70 66 106 118 

20 23 28 26 29 27 33 
«'.! <'.! ,::' I <1 ,e I <I I 

18 27 37 44 45 31 23 
I I - - - - <'. I 

( 19 ) ( 20 ) ( 19 ) ( 18) ( 19) (23 ) ( 15) 
15 15 14 15 11 4 3 
58 75 101 108 115 133 142 

3 4 9 2 4 5 4 

.:::1 <'.1 <'.l <'.I <l <: 1 <'. 1 

16 4 293 401 410 415 4 50 460 

83 84 
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3 3 

<: 1 ..c 1 
95 120 

1 I I 
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I 
4 

13 19 

- -
8 7 
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109 11 4 E 
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I I 
30 16 

-<'.' l <'. 1 
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127 135 
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TABLE 71 . Imports or tre.1h pineapples in thousands o f tons and estimates (countries with annual import, or leu than one thousand tons are not included). 

50 60 70 71 72 73 74 75 76 77 78 

~ 
• Argentina 16 16 13 11 17 7 7 10 11 
• Chili l 2 l 
• Canada 6 2 3 3 5 5 7 7 8 10 
• U. S.A. ( mainland ) 60 E 63 E 64 E 105 E 97 E 117 E l37 E ! 29 

23 JO 47 50 " 71 
19 22 12 10 12 11 10 10 6 
12 18 22 22 22 47 37 48 60 

A.ala I I I ,, Japan - 44 71 55 36 54 62 77 103 

! !' 3E 3 E 3£ 3 E 3 E 3 E 3E 3 E 
100 

Singapon 41 41 34 " 27 22 18 19 18 
Rong Kong 2 2 l - - l l l l 

~ 
We, t e Tn Eur ope 4 1 47 63 65 76 83 83 8 , 126 

~ 
• France (1 5 17 18 26 25 33 33 34 JI 48 
• Grea t Brit a in 2 4 7 7 7 8 4 5 4 4 7 

~ . I t aly 2 3 4 6 7 9 8 7 16 

~ 
. Span - l 3 ' 6 6 7 • • Wes t Genna,ny l 6 7 10 9 10 13 14 10 19 

. USSR 5 8 8 5 7 5 ' ' 9 
• Yugo, l,via l l (1 l 3 2 ( l 3 l 

Grand tota l 204 227 258 - - 286 281 323 395 

- --
E : E,timatu 

79 80 81 82 

17 13 13 7 
3 13 l 1 

10 IS 12 11 
141 E 172 179 "' 69 101 117 128 

7 2 
65 69 62 66 

114 110 126 125 
3 E 3E 3E 3E 

102 100 122 12 1 
9 7 l l 

19 18 16 14 
3 2 l 2 

122 122 121 121 
44 39 38 38 

8 11 14 16 
14 17 17 19 
12 17 15 13 
16 12 1' 12 

3 4 5 ' l l - -
428 461 328 478 

83 84 

7 7 
l 

13 12 
197 180 
120 119 

77 61 

105 1D 
3. 3' 

102 114 
l l 

13 13 
l l 

119 

'" l 
37 50 
16 15 
19 

~ £ 13 
13 24 

3 3 
-
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Exports from Cuba to the U.S. were stopped in 1959 when 
diplomatic relations between the two countries were broken off. 

- in the case of Western Europe, the main source is the Ivory Coast, 
followed to a lesser degree by Cameroon and South Africa. Fruits 
from the first two countries are transported essentially in refrig
erated ships. Fruits from South Africa are transported in refriger
ated containers. Additional exports are transported from Kenya by 
air . Air transport is becoming more and more common, also in the 
Ivory Coast, as it means fruits reach the consumer in peak condition. 

- in the case of Japan, there are three main sources, all of which 
are nearer than in the cases listed above, i.e.: 

. Ryu Kyu (like Hawaii and Puerto Rico , these cannot be con
sidered 'true export' ). 
. The Philippines. Exports from this country have increased 
rapidly over the past few years. Taiwan which, was also a 
supplier to Japan, has practically ceased exporting since the 
beginning of the 1980s. Sea transport is simplified by the short 
distance to be travelled, and holds are simply ventilated instead 
of refrigerated. The fruits are packed vertically in returnable 
cases that can be palletized. 
Closer inspection of export figures shows that only 5 -countries 

have experienced a very marked increase in tonnage and these are 
the Philippines, the Ivory Coast, Hawaii and Honduras. In the 
other countries mentioned, exports have either remained more 
or less the same or declined. 

The development of trade routes for fresh pineapple is directly 
linked to the development of refrigerated sea transport and will 
probably undergo further expansion with an increase in per capita 
consumption in the countries concerned, rather than with the dis
covery of new markets (there is considerable variation in per 
capita consumption in different countries of Western Europe, 
i.e . 137 g in Britain and 311 g in West Germany, as opposed to 
833 gin France in 1978). 

IV.2.4.- CANNED PRODUCTS - EXPORTS - IMPORTS 
(pineapple prepared and preserved in air-tight containers only) 

Tables 72 , 73 and 74 are an attempt to synthesize all available 
data concerning canned products. In this specific context, 'canned 
products' refers exclusively to 'solid pack' as described above, 
i.e. slices, broken slices, pieces and crush, which represents a poten
tial 50-60% of the tonnage arriving at the cannery for processing, 



PRODUCTION AND MARKETS 495 

but does not include canned pineapple juice, which is considered 
a by-product of 'solid pack'. 

Canned pineapple produced by Hawaiian canneries and their 
subsidiaries belonging to the 'Pineapple Growers Association of 
Hawaii' can be broken down as follows: slices = 36-42% boxes of 
solid pack, crush = 26-28%, and the remainder is tidbits, chunks, 
spears and pieces . No. 2 1/2 (1/1) cans, which represented 7-9% of 
the total in the early 1970s, levelled off at around 4% from 1975 
on, while no. 2(3/4) cans increased from approximately 38-39% at 
the beginning of the 1960s to 45-53% in the years that followed. 
Number 10 cans follow in third position (18-26%) and nos. 1 1/2 
and 1 flat are in the fourth and fifth positions; no. 211 cans are 
becoming more and more rare. 

Figure 86 shows the flow of canned products from producer 
to consumer. The width of the arrow is an indication of the tonnage 
exported. 

As can be seen in table 72, total production figures for canned 
goods reached a peak of about 1,000,000 t at the beginning of the 
1980s, but decreased slightly thereafter. This was clearly the con
sequence of a supply that was too large for the demand, which 
brought the prices down and put a large number of canneries into 
serious difficulties. This in turn explains the very large drop in 
production seen in different countries (the Ivory Coast, Mexico 
and, to a lesser extent, the Philippines) , whereas Thailand has 
continued to progress after a marked falling off in 1983. The 
production in other countries has tended to reach a ceiling. 

These trends tend to reinforce the leading position of S.E. 
Asia : the production of canned goods now (1984) represents 
nearly 60% of world production. A large portion of this production 
is assured by the subsidiaries of Hawaiian companies (mainly in the 
Philippines), which means that the world production of canned 
pineapple continues to be dominated by Hawaii, in spite of an 
appreciable decrease in the production of this American state 
(SUBRA, 1982) . 

The large majority of canned products are exported, as shown 
in the case of several countries in table 73. However, there is also 
considerable local consumption (Australia and South Africa). 

Table 7 4 and figure 86 again highlight three main centres of 
consumption. But in this case - in contrast with exports of fresh 
pineapple - distance is of little importance due to the nature of 
the product. Consequently there are no natural barriers and com
petition is much stiffer. However, a whole network of more or less 
official agreements, as well as membership in different monetary 
systems, does lessen competition to a certain extent. 



TABLE 72 . Production of 'solid pack' cans (slices, broken pieces, tidbits, chunks .. . , crush) in thousand of tons and estimates 
(countries with an annual production of less than one thousand tons are not included) . From : Taiwan export of canned food. Almanac 1981. 

50 60 70 7 1 72 73 74 

Africa 
. Angol a (5) I - 3 3 4 
. Ivor y Coast I 4 36 - 68 64 67 
. Kenya ( I) I - 12 11 10 13 9 
. South Africa 6 37 59 60 59 45 55 
. Swaziland ( 5) 2 

America 
. Hawaf ( USA) 204 234 309 254 227 195 165 
. Martinique (France) (2) 6 7 7 8 8 
. Mexi co 15 - 32 20 34 27 44 

. Por to Rico (USA) 12 

Asia 
~ina 
. Indonesi a 
. Malaysi a 17 39 66 62 57 60 6 1 
. Philippines 120 JOO 140 137 139 
. Ryu Kyu (Japan) 13 30 
. Tafwan 4 48 100 91 61 58 44 
. Thail and 16 11( 1 ) 13(1) 18 33 

Oceania 
. Australi a 11 - 34 33 32 35 37 

Others 

Grand total 821 649(4) 71 1( 4) 663( 4) 668( 4) 

( I) Exported tonnage 
(2) Tonnage imported into France 
( 3) From US Departme nt of Agriculture 
( 4) Produc tion figures for some minor producing countries not included 
( 5) Exported tonnage 
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TABLE 73 . Exports of 'solid pack' cans (slices, broken pieces, tidbits, chunks ... , crush) in thousand of tons and estimates 
(countries with annual exports of less than one thousand tons are not included) 

50 60 70 71 72 73 74 75 76 77 

Africa 
. Angola 1 3 3 4 4 E 4 E 4 E 
. Ivory Coast 4 27 36 44 5 1 59 54 59 52 
. Kenya 9 12 10 13 7 20 29 45 
. South Afri ca 38 47 44E 45E 56E 40 45 50 SOE 45E 
. Swaziland 2 5 4 5 

Ameri ca 
. Braz il 
. Hawaii ( USA) 

. to mainland 2BOE 297E 297E 25.6E 237E 195E 207E 20BE 

. to foreign countries 31 28 32 35 20 17 15 15 
. Martinique (France) 

. to France 10 9 7 7 B B 11 12 6 
. Mexico 22 25 2 1 20 18 16 27 29 

Asia 
. Mal ays ia 14 38 61 57 56 52 52 43 5 1 49 
. Philippines 33 86 103 108 90 125 116 138 154 
• Ryu Kyu (Japan) 

. to mainland(cf.grand tota1(2)) "'s timates 20 to 30 
. Singapore (cf. gr and total { 1)) (68) (6 1 ) (63) (55) (54) ( 46 ) (49) (52) 
. TaiWan 27 44 BO 87 78 63 45 29 27 19 
. Tha il and 14 11 13 14 30 37 61 88 

Oceania 
. Australia 13 6 5 4 4 3 3 3 2 

Gr and total ( 1) (2) 670 738 754 674 680 625 687 746 

78 79 

4 E 5 E 
61 59 
42 41 
46 44 · 

5 9 

214E 233E 
15 12 

3 B 
33 28 

48 37 
16 1 188 

(46) ( 41} 
15 28 

114 11 7 

2 4 

789 839 

( 1) Not incl uding exports from Singapore (products originating in Malaysia which transit through Singapore) 
(2) Mean estimate of e:<ports from Ryu- Kyu to mainland Japan : 25 thousands t onnes 
( 3) From US Departme nt of Agriculture 
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TABLE 74 - Imports of 'solid pack cans' (slices, broken pieces, t idbits, chunks ... , crush) in thousand tons and estimates. 
(countr ies with annual imports of les.s than one thousand tons are not included). 

50 60 70 71 72 73 74 75 76 77 

America 

. Canada 19 24 28 24 26 21 28 27 22 

. US A 3BBE 344E 307E 255E 243E 290E 320E 336E 

{280E 226E l 94E l 59E 145£ 149E I 53E 158E 
108 11 8 113 96 98 141 167 178 

As ia 

. Japan 78 58 47 49 33 38 45 
(cf . grand total ( 2 )) Ls Estimates 20 to 30 

- 53 33 22 24 B 13 20 
. Ko r e a 1 
. Kuwait 
. Saudi Arabia 
. Singapore ( c f. grand tota l ( 1)) (60 ) ( 57) ( 51) (5 1) (5 1) ( 44) (57) (50) 
. U.A . Emira tes 
. Yemen 

Europe 

. Western Europe 178 193 200 207 162 179 227 233 
o f whic h : 
. France 2 14 27 28 32 35 33 28 33 31 
. Great Britain 5 59 65 54 59 63 5 1 47 40 55 
. It a ly 5 6 6 6 6 3 4 7 
. Span B 14 12 14 17 19 18 
. West Germany 53 68 84 86 81 60 n BO 71 
. Other West Europea n 

13 13 3 10 13 51 51 
countr ies 

-

Oceania 

. New Zel and 4 5 - 1 5 6 4 5 5 5 

Grand Total ( 1) ( 2) 918 852 795 692 748 882 882 

78 79 

28 29 
317E 348E 
141£ 14 l E 
176 207 

48 48 

23 23 
1 3 
2 1 

( 44 ) (38) 
2 • 
2 3 

1 239 
240 

40 28 
38 39 

B 10 
13 15 
84 BO 

56 68 

- -

932 969 

( l ) Not including imports into Singapore (products originating in Malyasia which transit through Singapore) 
{2 ) Mean estimate o f imports into Japan from Ryu-Kyu : 25 thousand tonnes 
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Scale : A 100000 tons Figure 86 - DIAGRAM SHOWING COMMERCIAL TRAFFIC CANNED PINEAPPLE(1979-1980 ). 
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With the growth of competition, the Hawaiian Islands now 
provide no more than about 40% of American consumption, but 
foreign supplies are essentially provided by Philippines subsidiaries 
of Hawaiian companies grouped under the 'Pineapple Growers 
Association of Hawaii' (PGAH). Figure 87 clearly shows that this 
group adjusts its production to the demands of the American 
market (SUBRA, 1982). 

The European Community receives the majority of its supplies 
from the Ivory Coast and Kenya (both associated with the E.C .) 
as well as from South Africa, which still has special ties with Great 
Britain. Nevertheless, S.E. Asian countries, which do not limit 
their sales to neighbouring markets in the Pacific area, sell around 
half their total production to Western Europe. 

The U.S .A. alone consumes more than half of world exports 
and Western Europe follows in second place, although there are 
marked differences between individual countries. West Germany 
and Great Britain buy more canned products than France, which 
buys more fresh pineapples. Japan trails a long way behind, and 
imports of canned pineapple have fallen by half over the past 1 7 
years, to the advantage of sales of fresh fruits, which have tripled 
over the same period. 

In contrast with fresh pineapple, new markets for canned goods 
are opening up, which reflects world economic trends. Thus,Persian 
Gulf countries started importing large quantities of canned pine
apple in 1977. 

After a marked decrease in per capita consumption in the 
U.S.A. between 1972 and 1974, figures have stabilized during the 
last few years at around 1.5-1.6 kg, which is far higher than figures 
for Europe. Since fresh products are more highly prized in Europe 
in general, there is little likelihood that sales of canned products in 
Europe will approach those in the U.S.A. Nevertheless, there are 
marked variations from country to country , and while consumption 
has tended to level off in the countries that traditionally imported 
the biggest quantities, it has rapidly increases in 'newer' countries 
with lower levels of imports. • 

IV.2.5.- PRODUCTION OF PINEAPPLE JUICE - EXPORTS. 
IMPORTS 

Stat ist ics on juice - which is often considered to be a by-product 
of the canning process - are even less complete and are also often 
inaccurate. The unit value used varies with the source of the sta
tistics and, in addition to 'pure' pineapple juice, products includ-
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Figure 87 - ORIGIN OF SOLID PACK CANNED PINEAPPLE IMPORTED INTO MAINLAND 

U.S.A. !after SUBRA, 1982). 

ing concentrated juice, mixed fruit juice and products that do not 
conform with international norms are often put into the same 
category. The quantity of juice sold bears no relation to the 
quantity of canned products manufactured, as in less well-equipped 
canneries there is no 2nd scraping of the shell and core which 
provides the basis for the production of juice, unless this juice is 
used together with the 2nd juice, obtained by pressing the shell 
and the ends, for the production of sugar or syrup, or for making 
wine, spirits, vinegar or other by-products (cf. III.1.3.). 

Considering how confusing the general situation is, we have judg
ed it preferable to refrain from giving any statistics at all. But it 



502 ECONOMIC ASPECTS 

should be pointed out that in the juice production sector, Hawaii 
leads with a total of 147,000 tin 1980 (this total includes 5,260 t 
of concentrated juice in diluted form, i.e. pure pineapple juice). In 
addition , the U.S.A. imports approximately the same quantity, 
from S.E. Asia in particular (i.e. mainly from U.S. subsidiaries) to 
supply its considerable requirements. It is interesting to note that 
per capita consumption in the U.S.A. dropped to 0 .649 kg in 
1974, but rose again in 1980 to 1971 levels, and also that the quan
tity of concentrated juice included in this figure underwent the 
most spectacular decline. The most widely sold standard pack in 
the U.S.A. is the number 3 can. 

This brief review of pineapple products and where they are 
sold shows that several big producing countries, for example China 
and Brazil , do not participate in world trade. Practically all the 
pineapples grown there are consumed locally as fresh fruit, and 
the few canned products are also sold on local markets. 



IV.3.- SOCIO-ECONOMIC ASPECTS 

A general review of the different types of pineapple products 
and world trade is not enough to explain the role played by the 
pineapple in the economies of producer countries. What follow is 
a brief discussion of this role and of the structure that supports 
the pineapple production industry, which varies enormously from 
one country to another. 

Over a period of a few years, certain countries have moved 
up to the top of the list of world producers, without any modifi
cation in the role of pineapple production in the rural economy. 
This is particularly true when completely autonomous, large
scale, privately-owned pineapple production units are set up, 
because they remain apart from the normal development of agri
cultural activity in the region concerned. Generally the only spin
off for the region is an increase in commercial activity that results 
from the increase in salaries paid. Production units of this type 
are almost always established near big canning facilities. What 
has taken place in the Philippines is a typical example. In 1980, 
two subsidiaries of Hawaiian companies (Dole-Philippines and Del 
Monte Philippines) each produced 400,000 t of pineapple on an 
area of around 7,000 ha. Two other companies, which were set up 
more recently and are still undergoing expansion, together pro
duced 31,000 t. The remainder of pineapple production in the 
Philippines -a mere 5% - is in the hands of small producers. 

By contrast, in other countries, the increase in production is 
mainly due to an increase in the amount of pineapple grown as 
part of a whole range of crops cultivated by one farmer. In this 
case, pineapple is grown for sale on the local market, to supply 
local canneries, or, more rarely, for export fresh . Here the growing 
of pineapple is integrated into local agricultural activity, and any 
increase in production implies an increase in the economic activity 
of the region concerned. This type of production is common in 
many developing countries where the area used for the cultivation 
of pineapple ranges from 1/2 to a few dozen ha. 

However,it is not uncommon to see the production of pineapple 
gradually becoming more isolated and eventually forming separate 
entities on the farm which are independant of other crop rotation. 
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This is done in an attempt to adopt more advanced cultivation 
techniques. It is not rare to see pineapple gradually replacing 
other crops where economic conditions are favourable. And this 
can lead to monoculture. While this development may be beneficial 
from the point of view of short-term returns, prudence is necessary, 
particularly in connection with protection of the environment and 
the use of plant protection products. It is often advisable to carry 
out studies with the aim of re-integrating pineapple cultivation in 
cropping systems suited to the village environment. 

Between these two extremes there is a whole range of other 
types of production, e.g. medium-sized farms of 20-60 ha for the 
production of fresh pineapples for export (very common in the 
Ivory Coast) or for canning, as well as every imaginable association: 
from cooperatives that are only used for bulk purchase of plant 
protection products, or for transport and distribution, or to provide 
easier access to mechanization, to more or less completely inte
grated cooperative associations. In order to be able to profit fully 
from mechanization, members of any one cooperative should be 
encouraged to group their land together, which often means re
allocation of land. Alternatively, new land can be made available 
to farmers who become the tenants. 

As pineapple is cultivated in 3- to 4-course rotation, which 
corresponds to an equal number of cycles, members of fully inte
grated cooperatives usually have at their disposal 1 or 2 sub-plots 
per plot, i.e. 3 to 8 sub-plots in all . In organizations of this type 
in the Ivory Coast, the land made available to each member of the 
cooperative generally ranges from 0 .5 to 1 ha/plot, i.e. 1.5 to 3 ha 
in all (GUYOT, 1976b). 

While this type of organization is satisfactory from the point of 
view of productivity, it inevitably leads to monoculture, with all 
the disadvantages this implies. Here again, careful thought should 
go into finding new ways of integrating pineapple with the cultiva
tion of other crops to form cultivation systems best adapted to 
local socio-economic conditions. 



IV.4.- PRODUCTION COSTS 

It is common to hear people say that every farmer has differ
ent production costs. And in fact many different variables do have 
to be taken into account in the choice of a site. These depend on: 

- economic objectives. Clearly the cost of the production of fresh 
pineapples for export to distant markets is higher than for pine
apples grown for processing within a few hours of harvest. In the 
production of fresh pineapples for export, more sophisticated 
techniquec are used and a series of extremely labour-intensive 
tasks have to be carried out at harvest to prevent bruising,as other
wise this can lead to fungal infections. Packing and packing mate
rials are very expensive, which is why the price of a fresh pineapple 
is 4.8-7 times higher than of a pineapple destined for processing 
(SUBRA, 1982); 

- the l:haracteristics of the planting material. Productivity varies 
considerably with different types of CVs and even with Smooth 
Cayenne CV s there can be marked variations between clones, 
particularly in connection with a ratoon crop; 

- the physical environment of the site. The main criteria to be 
taken into consideration are as follows: 

. land topography, 

. physico-chemical characteristics of the soil, 

. certain climatic characteristics, in particular distribution of 
rainfall. 

It goes without saying that the higher the risk of erosion (linked 
with topography and the type of soil) the higher the cost of erosion 
prevention. However, in another connection too, the type of soil 
has an effect on production costs, i.e. fertilization . The further 
the site is from ideal climatic conditions, the more compensation 
will be needed, and this inevitably leads to an increase in produc
tion costs . Distribution of rainfall and total rainfall also play an 
important role, as the amortization of investments needed for the 
installation of an irrigation network and the operating expenses of 
the network are a heavy financial burden. Many projects fail to 
get off the ground because of the impact of the cost of irrigation 
on total production costs, even though costs can be reduced to a 
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certain extent by using the irrigation water as a vehicle for the 
distribution of fertilizers and plant protection products; 

- the biological environment. The presence of certain pathogens 
or pests may require systematic control, the cost of which can 
vary considerably depending on the parasite, or even with respect 
to one particular parasite, from one locality to another. 

Wilt, a disease known throughout the world (cf. 1.4.2.2.2.), 
often necessitates the purchase of high-volume sprayers so that the 
pesticide comes into direct contact with the mealy bugs that cause 
the disease. Phytophthora disease (cf. 1.4.2.1.1.1.) and certain 
species of Pratylenchus brachyurus (cf. 1.4.2.3.1.1.), which have 
uneven distribution throughout the world, have to be controlled 
with costly pesticides and/or highly specialized equipment: 

- the cost of labour, the qualifications and availability of workers, 
which can vary considerably with the locality, and the cost of 
management staff. 

This sector shows the biggest variations between countries. In 
Hawaii the cost of labour is 50 times higher than in countries where 
little economic progress has been made. However, often the qualifi
cations of the workers are not comparable. 

In all countries where labour costs are high, efforts have been 
made to reduce costs by varying degrees of mechanization. However, 
mechanization requires high investment costs, high cost of amorti
zation, and operating expenses that have gone up considerably 
since the increase in the costs of energy. The combination of these 
factors means that in some developing countries, since the increase 
in the cost of energy, the cost of mechanization is higher than 
expenditure for wages, which has resulted in a tendency to revert 
to manual labour, at least where there is no shortage of available 
labour. The cost of management staff also varies considerably. 
Often the cost of management staff is highest in the economically 
least developed countries, especially when personnel have to be 
brought in from abroad: 

- a whole series of factors that affect the cost of inputs, inland 
transport, the cost of freight in the case of exports (and when the 
cost is calculated on the basis of c.i.f.) which, in turn, depend 
on local legislative and financial _!:l.Vantages or international agree
ments (subsidies, interest, duty, etc.)-

- the availability of technical and scientific assistance. The advan
tage of this assistance is - among other things - that the most ad
vanced techniques are better adapted to the range of local condi-
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tions. 
In the face of such as intricate network of factors that affect 

production costs, it is risky to make statistical comparisons. How
ever, an approach has been used here that highlights the difference 
in the breakdown of production costs in two quite different types 
of production is two countries that are situated a long way from 
one another, but that belong to the same monetary system, the 
Ivory Coast and Martinique. A comparison is made because pine
apple production in the Ivory Coast both for processing and.for the 
fresh fruit market, and production in Martinique for processing 
only. 

The only costs that have been taken into account are those 
directly connected with agricultural production. Overhead ex
penses, the costs of management staff, amortization and interest 
have not been included. One crop is counted per cultivation cycle . 
Costs listed were valid at the end of 1981. 

Table 75 shows the fraction of each item of expenditure on two 
different scales: 
- as a percentage of total expenditure in each case (all totals = 

100), 
- an indexed scale on which the value 100 = the total cost in the 

first case cited (cannery in the Ivory Coast). 
Costs per ha should be compared with mean yields obtained. 

These are given in the second line of the table. 
With respect to the indexed values, it can be seen that direct 

cost per unit area is clearly higher for fresh fruit for export than 
for fruit for processing (ratio 2.26 :1), and that the direct cost 
of the same item is much higher in one country than the other 
(ratio 5.4:1). This is linked to differences in labour costs. In Mar
tinique, labour costs are 40% of total production costs in spite of 
relatively high mechanization. Mechanization represents 35% 
(amortization not included), whereas inputs are only 25%. In the 
Ivory Coast, where wages are much lower, wages have less impact 
on production costs (32%), even though more workers are em
ployed per ha than in Martinique . Operating expenses for mechani
zation also have less impact. On the other hand, the percentage 
spent on inputs is extremely high. However, referring to the column 
showing relative indices, it will be seen that the proportional cost 
of inputs is higher in Martinique than in the Ivory Coast, because 
more fertilizer is required and control of wilt disease is more 
costly. 
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TABLE 75 . Breakdown ot direct costs ot pineapple production. 

Country The Ivory Coast 

Type of production canning ( 1 ) export fresh (2) 

Ave rage yields int/ha 

(good plantations) 
75 

Ite m of expenditure 
'I(, of tot a l 

% of total 
relative index (3) 

Labour 32 27 
(nr, of man days) (305) (597) 

Inputs 

Fe rtilizer 2 1 25 

Nematicides and 
10 15 

insecticides 

Fungicides - 2 

Herbici des 5 2 

Products for control 
of fl owering 

2 I 

Products for control 
of r i pening 

3 2 

Pol yethylene mul ch - -
String - 2 

Mechanizati on 
27 24 

( operating cost) 

Total 100 100 

( 1) Direct costs include transport of fruit to cannery 
(2) Cost of packing not included 

60 

Rel ative index (3) 

62 

55 

35 

5 

5 

2 

4 

-
4 

54 

226 

Martinique 

canning ( 1) 

75 

'I(, of t ota l Rel ative index ( 3) 

40 217 
(218) 

11 58 

8 44 

- -
2 10 

1 4 

- -

3 18 

- -

35 190 

100 541 

(3) The basis for cal c ula ting the relative index is 100 = total of direct costs of production for cannery 
in the Ivory Coast 



IV.5.- FLUCTUATIONS IN PRICES OF MAIN PRODUCTS 

Prices of fresh pineapples sold on local markets can undergo 
marked fluctuations over the course of the year. Without flower 
induction (forcing), peak production occurs 4 to 7 months after 
the winter solstice, i.e. June.July (cf. I.4.1.1.3.) in the northern 
hemisphere and December-January in the southern hemisphere. 
If there is no increase in demand at this time, there may be a 
slump in prices. If there are canneries available,a certain proportion 
of the peak production can be absorbed, which helps regulate 
prices to a certain extent, as is true of all seasonal production. But 
artificial control of flowering is certainly the most effective method 
of adjusting supply to demand. 

In the case of export of fresh pineapple, this adjustment is 
indispensable. 

For many years, supplies to the West European market were 
insufficient during the period of peak demand (December) and also 
to a lesser extent during the second peak demand period, i.e. early 
spring (March-April) just before the first fruits (cherries and straw
berries) appear on the market in countries that import large quanti
ties of pineapples. During these periods, prices reached all time 
highs, particularly at the end of December. With the improvement 
of cultivation techniques and the control of flowering, countries 
that supply fresh pineapples (mainly the Ivory Coast) have been 
more successful with each successive year in adjusting supplies to 
market demand. This has resulted in progressive moderation of 
fluctuations in price over the course of the year. 

However, in some years there is a rapid rise in prices at the end 
of the season (April-May). This is due to a delay in the supply 
of red fruits (cherries and strawberries) to local markets that 
results from climatic conditions, and to a decrease in the supply 
of pineapples, which is often linked to export restrictions due to 
a decline in quality . 

In the case of canned pineapple, storage is not an unsurmount
able problem, competition is much harder and occurs at world 
level, and consequently prices are less likely to undergo short-term 
fluctuations caused by, among other things, seasonal variations in 
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supply. However, relatively long-term price fluctuations can be 
greater. These are mainly due to the relatively long cultivation 
cycle characteristic of this particular crop, and also to the fact 
that the major part of world production is controlled by a very 
small number of financial concerns, which means supplies lack 
flexibility. For example the rapid rise of Thailand as a pineapple 
producing country at the end of the 1970s (when the world market 
was already dull due to the increase in the price of energy and 
the effect this had on consumer purchasing power) resulted in a 
progressive decline in prices. Recovery was only achieved by more 
or less voluntary reduction in production. 



CONCLUSION 

LOOKING TO THE FUTURE 

Very early on, man learned how to make use of the pineapple 
not only to vary his diet, but also for medicinal purposes and for 
making clothes. 

As the plant did not require much space, it was easy to grow in 
the kitchen garden . Later, as demand increased, it was moved from 
the family garden to farms and grown in rotation with other crops. 

From the end of last century on, pineapple became an export 
commodity and consequently helped contribute to the trade 
balance. But gradually pineapple has come to be considered as an 
industrial crop to be grown on large areas with mechanized equip
ment. This has inevitably led to the intensive cultivation of vast, 
homogeneous tracts of land. 

Under this type of cultivation, pineapple requires large quanti
ties of inputs. Inputs are produced in the industrial nations. Thus 
the dependence of pineapple-Producing countries on these nations 
is only increased. It can also result in serious monetary problems, 
especially when producer countries do not have convertible cur
rencies. 

But pineapple is considered to be a rustic plant, which it is in 
the sense that it can survive unfavourable conditions. This applies 
in particular to prolonged water deficit, when plant activity slows 
down. Stomata! opening is limited by CAM, and water is saved. 
The plant can, if necessary, partially live off reserves of water in 
the leaves. 

The plant can also be grown on soils that are poor in fertilizing 
elements, though in order to express its growth potential to the full , 
it must have at its disposal everything it needs for satisfactory 
physiological activity and must also be protected from competi
tion from weeds and from parasites of the roots and the aerial parts 
of the plant. 

To guarantee top-quality fruits , measures must be taken to 
prevent all possible mishaps. 

In the face of these contradictory trends, new, more effective 
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techniques are needed, and less inputs must be used to produce 
fruits no equal quality . The way of achieving these objectives may 
be the development of new cultivation systems, the development 
of more rustic varieties, and integrated prevention and control in 
plant protection. All these necessitate vast efforts in the field of 
research. 

Between the two extremes represented by highly intensive 
agriculture and merely gathering wild fruits, modern pineapple 
cultivation calls for techniques that are both efficient and well 
adapted to a diversity of ecological and socio-economic environ
ments. The development of new cultivation systems and the in
troduction of warning services and integrated control for protect
ing crops are only some of the approaches to explore. One of the 
most fruitful orientations could be the collection and creation 
of hardier planting material, which would be less demanding in 
terms of technology and inputs, more resistant (or tolerant) in 
the face of different constraints, and at the same time would 
satisfy the tastes of a variety of consumers. All of this calls for 
great efforts in the domain of research. 
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(Belgique) . 
Importation, packaging and marketing of fruits, including many tropic
al fruits (pineapples, bananas, etc.) in Belgium and northern Europe . 
Highly modern packaging centre in Lebekke. 
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Germany) . 
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CHEVRON CHEMICAL COMP ANY .- 12, rue de Penthievre - 75008 Paris 
(france). 
Manufacturer of captafol (Difolatan*). 
* Registered trade mark of Chevron Chemical Company . 

CIBA-GEIGY Agricultural Division.- CH 4002 Basel (Switzerland) . 
Markets the following products for pineapple cultivation: ametryne 
(Gesapax) , metolachlor (Dual), diazinon (Basudine), methidathion 
(Ultracide) , metalaxyl (Ridomil), ethephon (Ethrel) . 

COMP AG NIE FRAN9AISE DES PRODUITS INDUSTRIELS.. 28, boule
vard Camelinat. B.P. 75 - 92233 Gennevilliers Cedex (France). 
Manufacturer of ethephon (Ethrel*) and other growth regulators. 
* Registered trade mark of Union Carbide Agricultural Products, Inc ... 
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COMPAGNIE FRUITIERE.· 33, boulevard Ferdinand-de-Lesseps - 13014 
Marseille (France). 
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DU PONT DE NEMOURS INTERNATIONALS.A.· 78-82, route des Acacias 
CH 1211 Geneva (Switzerland). 
Manufacturer of bromacil (Hyvar*), diuron (Karmex*) and oxamyl 
(Vydate*) in different formulas . 
* Registered trade mark of Du Pont de Nemours International S.A. 

ETABLISSEMENTS AZOULAY .. 2, rue des Tropiques · Entrepot 108 
94538 Rungis Cedex (France). 
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ETABLISSEMENTS E.G. LEAU.· 3, rue Rosenwald - 75015 Paris (France). 
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F.T.K. FRUIT TRANSITOKANTOOR.- lndustrieweg 40 - 3044 CB Rotterdam 
Groothandelsmarkt - P.O.B. 11080 - Rotterdam (Holland). 
Branches: London and Hamburg. 
Importation, packaging and marketing of fruits and vegetables for all 
of Europe. Department specialized in tropical and exotic fruits: kiwis, 
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(France). 
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GERDAT (GROUPEMENT D'ETUDES ET DE RECHERCHES POUR LE 
DEVELOPMENT DE L'AGRONOMIE TROPICALE) (now known 
as CIRAD).- 42, rue Scheffer - 75016 Paris (France) 
Centre for research and training in tropical agronomy. 

INSTITUT INTERNATIONAL DE LA POTASSE.- B.P. 41 - CH 3048 Wor
blaufen - Berne (Switzerland). 
Centre for the promotion of research on soil fertility and for the 
optimization of the use of fertilizers, particularly potassium fertiliz
ers. 

NORDON et Cie.- 9, avenue du xxe Corps - B.P. 441 - 54001 Nancy Cedex 
(France) . 
Builder of ready-to-use food processing plants . Industrial piping for 
nuclear, thermal, chemical and petrochemical applications - Heavy 
vats - breweries, malt and yeast plants. 
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PENWALT France - DECCO Department.- 1, rue des Freres Lumiere - B.P. 
32 - 78370 Plaisir (France) . 
Manufacture and marketing of the following products for pineapple 
cultivation: micro-encapsulated diazinon (Knox-out 2 F.M.); products 
for preharvest treatments : fungicides, insecticides; products for post
harvest treatments : fungicides , waxes . 

POMONA IMPORT.- 21 , rue du Pont Neuf - 75039 Paris Cedex 01 (France). 
Importation, packaging and marketing of tropical fruits : pineapples, 
bananas, avocados, mangoes, kiwis, passion fruits , limes, guavas, pa
payas, litchis, coconuts, etc .. 

RHONE-POULENC AGROCHIMIE.- 14-20, rue Pierre Baizet - B.P. 9163 -
69263 Lyon Cedex (France) . 
Manufacturer /supplier of: 
bromacil (Hyvar X), dimethoate (Daphene), diuron (Karmex) , ethoprop 
(Mocap), ethylparathion (liquid Paraphene), phosetyl Al (Aliette). 

SANDOZ S.A.- CH 4002 Basel (Switzerland) . 
Manufacturer of formothion (Anthio), supplier of a range of pesticides 
used in pineapple cultivation . 

SOPRA.- Subsidiary of the Plant Protection Division of LC .I. (Imperial Chemi
cal Industries) - 8, avenue Reaumur - B.P. 208 - 92142 Clamart Cedex 
(France). 
Manufacturer/supplier of a wide range of pesticides:herbicides --- butyl 
fluazifop (Fusilade) , insecticides, fungicides, miticides. 

SOCIETE COOPERATIVE AGRICOLE ET FRUITIERE DE MORNE ROUGE 
(SOCOMOR) - 97260 Morne Rouge - Martinique (Antilles) . 
Producer of a wide range canned pineapple products. 

SOCIETE DES ANANAS DE COTE D'IVOIRE (SALCI) - B.P. 1 - Ono - Abid
jan (Ivory Coast). 
Producer of a wide range of canned pineapple products. 

SOCIETE D'IMPORTATION FRANCO-ANTILLAISE (SIFA).- Bat. d 9 -
20, rue de Provence - B.P. 332 - 94153 Rungis Cedex (France) . 
Importation, packaging and marketing of tropical fruits: bananas, 
pineapples, avocados, mangoes, etc .. 

TECNOMA S.A.- 54, rue de l'Electricite - 51206 Epernay (France) . 
Manufacture of a wide range of spraying apparatuses, including those 
for 'Derot' high clearance tractors. 
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T : Table. 
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A-class pan evaporation - 113, 350. 
Abacaxi - origin of the term (see also 

Pernambuco) - 24. 
Abnormalities 

inventory - 429-430 (T. 58) , 431-
432 (T. 59), 433-435 (T. 60) . 
leaves, fruit, roots (see part of the 
plant concerned) - 429-430. 
genetic - 41-44. 

Acacia albida - 285 . 
ACC = 1-aminocyclopropane-1-carbo-

xylic acid - 104, 399. 
Acetobacter - 222 . 
Acetobacter aceti - 225 . 
Acetomonas oxydans = Gluconobac-

ter oxydans. 
Acetylene - 102-105, 393, 394 . 
Adoretus ictericus - 262. 
Adoretus sinicus - 262. 
Adoretus tessulatus - 262. 
Alcohol - by-product - 462, 465 

(F. 83) . 
Aldicarbe - 366 (T. 49), 376 (T. 

51) . 
Aldrin - 354 (T. 50). 
Alpha-naphthalene-acetic acid (ANA) -

102-107, 394, 397, 398 (T. 56). 
Aluminium -150. 
Aluminium ethylphosphite - 357 (T. 

47). 
Ametryne - 314, 386, 390 bis (T. 

54) . 
Amino acids - 72. 

1 - Aminocyclopropane -1-carboxylic 
acid (ACC) - 104, 399. 

Ammonium sulphate see Nitrogen 
fertilization . 

ANA = alpha-naphthalene-acetic acid 
Analysis - leaves, fruit, etc. (see part 

of the plant concerned) . 
Ananas ananassoii:les - 32-33 (T . 1) , 

36. 
Ananas bracteatus - 32, 33 (T. 1) , 

36 . 
Ananas comosus - 32, 33 (T. 1), 

36. 
Ananas comosus mordilonus - 42, 

46(T. 3). 
Ananas erectifolius - 32, 33 (T . 1). 
Ananas fritzmuelleri - 33 (T . 1) , 37 . 
Ananas ginesio-linsii - 32. 
Ananas guaraniticus - 32. 
Ananas lucidus - 33 (T. 1) . 
Ananas lyman-smithii - 32. 
Ananas microcephalus - 32 . 
Ananas microstachys - 32. 
Ananas monstrosus/monstrosa - 32, 

33 (T. 1) . 
Ananas muriaticus - 32. 
Ananas nanus - 33 (T. l) . 
Ananasparguazensis - 33 (T. l). 
Ananas sativus/sativa - 32. 
Ananas sylvestris - 32. 
Ananas 

distribution - 32-33 . 
history - 23-27. 
key of species - 33 (T. 1), 34-37. 
origin - 24. 

Anassa domestica - 32. 
Anassa sylvestris - 32 . 
Anatomy - 55-70. 
Anomala orientalis - 262 . 
Anoplolepsis sp. - 236. 
Anthesis - 51, 70, 100. 
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Ants - 235-236, 239-240, 314, 368 
(T. 50) . 

Apex - 57, 85, 91-92. 
destruction for multiplication 
403, 425-428. 

Aphytis sp. - 257. 
Araucomyrmex sp . - 236 , 368. 
Ascorbic acid - 50 (T. 5) , 73 (T. 8), 

118, 181, 184, 189, 190, 193-
194. 

Asphyxiation - of roots - Ei5, 308. 
Asteraceae = Compositae - 383. 
Atmosphere - controlled - 123, 448. 
Atrazine - 390 bis (T. 54). 
Augosoma centaurus - 264. 
Autosterility - 40. 
Auxins - 101-106. 
Axillary buds - 59, 98-99. 

«Bacterial heart rot», see Erwinia 
chrysanthemi. 

Bacteria - 221-226. 
Control - 221-226. 

«Base rot» - of shoots, see Ceratocys
tis paradoxa. 

Batachedra sp. - 264 . 
Biology - 264. 
Control - 381-382. 
Damages,main symptoms - 264. 

Benomyl - 359, 361 (T. 48). 
Bentonite - 392-393, 398 (T. 55). 
Benzoic acid - 359,361 (T. 48). 
Beta-hydroxyethyl-hydrazine (BOH) -

395. 
Bidens pilosa - 229 . 
Biuret, see Nitrogen fertilization. 
Biogas - by-product - 467, 475, 476 

(T. 68) . 
«Black rot» - of fruit, see Ceratocys

tis paradoxa. 
«Black spot» - of fruit, see Penicil

lium sp ., Fusarium sp. 
Blossum cup, see Fruit - anatomy. 
BOH = Beta-hydroxyethyl-hydrazine -

395. 
Borate - 395 . 
Bore - 166, 433-435 (T. 68); P. 37. 
Botany - 55 .. . 
Bract - 68, P. 9, P. 10. 
Bran - by-product - 465 (F . 83) , 

466, 471 . 
Broken slices - processing - 457, 461, 

494-500. 
Bromacil - 388,389, 390 bis (T. 54) . 
Bromelia sp . - 31, 32, 35. 
Bromelia ananas - 31, 32. 
Bromelia comosa - 31 , 32. 
Bromelia karatas - 31 . 
Bromelin - by-product - 462, 465, 

(F. 83), 473. 
Bromide - methyl bromide - 376-377 

(T. 51). 
«Browning» = «Endogenous brown 

spot» of fruit - 72, 193-195, 409, 
435(T . 58),447;P.43,P.44. 

Bud-axillary bud - 59, 98-99 . 
Bufencarb - 381 (T. 53). 
«Butt rot» = «Base rot», see Cerato

cystis paradoxa. 
By-products - 440 (F. 74), 462-467 

(F . 83), 471-477. 

Cajanus indicus - 249. 
Calcium carbide - 393-394, 398 

(T. 56). 
Calcium. 

Fertilization - 313 , 335-336, 340. 
Fruit quality - 190-191. 
Leaf content - foliar diagnosis 
161 (F. 54), 168-172, 175 (T. 25), 
177 ; P. 149-151. 
Requirements - 150, 152-155, 159, 
177. 
Symptoms of deficiency - 165, 
431-432 (T. 59) ; P. 35. 

CAM =: Crassulacean acid metabolism -
56, 72-85. 

Camphechlor - 368 (T. 50) . 
Can. 

Broken slices and pieces - process
ing - 451-453 (F. 76-78), 456, 
460-462. 
Broken slices and pieces - product
tion, exports, imports - 494-500. 
Crush - processing - 451-453 
(F. 76-78), 458, 460-462. 
Juice - processing - 451-453 (F. 
76-78), 458-460, 462 . 
Juice - production, exports, im
ports - 500-502. 
Slices - processing - 451-453 (F . 
76-78) , 456-458, 460-462. 
Slices - production, exports, im
ports - 494-500. 
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«Solid pack» - processing - 451-
453 (F. 76-78), 456-458, 460-
462. 
((Solid pack» - production, exports, 
imports - 494-500. 

Cannery - recovery - 460-463. 
Captafol - 357 (T. 47) , 361 (T. 48). 
Captane - 357 (T. 47) . 
Carbary! - 381 (T. 53). 
Cl}rbendazim - 361 (T. 48) . 
Carbofuran - 376 (T. 51). 
Carbon dioxide - 56, 72-85. 
Carbon fixation - 56, 72-85 . 
Carbonate - 395. 
Carpophilus foveicollis - 266 . 
Carpophilus hemipterus - 265. 
Carpophilus humeralis - 265. 
Castnia icarus - 263 . 
Cations, see Potassium, Calcium, Ma

gnesium. 
Cation relationship - 142, 159. 
Cattle feed - by-product - 464-46 7, 

471-473. 
Cayenne (group of cultivar), see also 

Smooth Cayenne - 45, 46 (T. 3), 
48 (T. 4); P. 4, P. 6, P. 7, P. 22-25, 
P. 30, P. 156. 

Ceratocy stis paradoxa , see also: (\Base 
rot» (( Black rot» - 139, 164, 210, 
301, 321-322, 429-435 (T. 58, 
59, 60), 442 ; P. 50 - 53. 
Biology - 205-209. 
Control - 207-209, 323, 359-360, 
361 (T. 48), 413-442 . 
Damage, main symptoms - 205-206, 
429-435 (T. 58 - 59 - 60) . 

Ceratostomella paradoxa, see Cerato
cystis paradoxa. 

Charcoal-activated powder - 392-393, 
398 (T. 55). 

Chips - 469 . 
Chlordane - 381 (T. 53) . 
Chlorflurenol - 427 . 
Chloris gayana - 249. 
2-chloroethylphosphonic acid ( ethe-

phon) - 102, 103-106, 109, 121, 
299, 362, 395, 410-413 . 

2,3-chlorophenoxy-propionic acid (= 
CPA= 3 CPA) -121, 403 . 

Chlorophyll and chloroplast - 63 . 
Chlorpyriphos ethyl - 379 (T. 52). 
Cholus seabrai - 263 . 

Chromosomes - 39. 
Citrates - by products - 462, 465 , 

(F . 83) . 
Climate - 125, 126 (F. 42) ... , 180 .. . , 

300-301. 
Clone - 50-51. 
Coccids sp. - 256-257. 
(( Collar of slips», see Slip number . 
Coleoptera - 262-266. 
Competition - (plant/weeds) - 266, 

382. 
Componotus sp . - 236 . 
Compositae - 383-384. 
Compost - by-product - 466 . 
Copper - 166, 177, 336-337, 431-

432 (T. 59) . 
Copper oxychloride - 357 (T . 47). 
Cost of production - 505-507 . 
CPA = 3 CPA = 2,3-chlorophenoxy

propionic acid see above . 
Cracks - in fruit epidermis - 192, 

222, 433-435 (T . 60). 
Crassulacean acid metabolism (CAM) -

56, 72-85. 
Crematogaster sp. - 236. 
Criconemoicles sp . - 247, 249. 
Crop - combination I 
Crop - inter-row 282-2. 85 
Crop - rotation 
Crotalaria usaramoensis - 284 . 
Crown - (type of shoot) - 66, 70, 

142, 153-154, 318 (T. 41). 
Growth - 107, 109 ... , 114 .. . 
Multiple crown - 187 , 192, 404, 
433 (T. 60); P. 6 - 7. 
Reducing/removing - 403-404, 433 
(T. 60); P. 158. 

Crush - 458. 
Cultivars - 44-49 . 
Cultivation 

Schedule - 304 (F. 63). 
Systems - 281 ... 

Cycle 
Artificial ( controlled) - 272, 292, 
299-300, 317-320 (T. 41), 333. 
Natural - 142 ... , 269-271, 317-320, 
(T. 41), 333. 

Cycle - Length - 142 ... , 269-271, 
292, 299-300, 317-320 (T. 41) , 
333. 

Cynodon dactylon - 383. 
Cyperaceae - 383. 
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Cyperus esculentus, C. rotundus 
control - 383. 

Cytogenetics - 39-40. 

Dacus cucurbitae - 265. 
Dacus dorsalis - 265. 
«D» leaf - 93-94, 108 168-170, 

269. ' 
2,4-D = 2,4-dichlorophenoxyacetic 

acid - 121, 396 , 402. 
Dalapon - 382 ... , 433-436 (T. 60) . 
Datura stramonium - 229. 
DBCP = Dibromochloropropane - 369-

372, 375-378 (T. 51) . 
DD = Dichloropropane-dichloroprope

ne - 358, 369-372, 375-378, (T. 
51) . 

DDT = Dichlorodiphenyl-trichloroe-
thane - 368 (T. 50). 

Decadarchis sp. 
Decadarchis flavistriata - 265. 
Decamethrine - 381 (T. 53) . 
Deficiencies - symptoms (see element, 

concerned). 
Deficiency - see water deficiency. 
Desmodium uncinatum - 249. 
Diaspis boiduvali, D. bromeliae . 256 ... 

Biology - 256 . 
Control - 257 . 
Damage - 256 , 431-432 (T . 59); 
P. 85 - 86 . 

Diazinon - 366 (T . 49) . 
Dibber - 324 . 
Dibromochloropropane (DBCP) - see 

above. 
Dichlorodiphenyl-trichloroethane 

(DDT) , see above. 
2,4-Dichlorophenoxyacetic acid (2 ,4-

D) see above. 
Dichloropropane-dichloropropene 

(DD) - see above . 
Dichloropropene - 358, 369-372, 375-

378 (T . 51). 
Dieldrin - 368 (T . 50). 
Digitaria decumbens . 249, 383 . 
Dimethoate - 366 (T.'49) . 
Diseases - (see 429-435 (T. 58 - 60) 

and fungus involved). 
Distribution of pineapple 
Disulfoton - 366 (T. 49) . 
Diuron - 314, 385-391 (T. 390 bis). 
Dolichotetranychus floridanus - 257 . 

Drainage 284-285,287, 356,419. 
Drinks - alcholic and other types 

440 (F. 74) , 462, 468. 
Drip-irrigation - 352-353. 
Drought see Water deficiency. 
Dry matter - production - 271-272, 

276 . 
Dynastor darius - 264 . 
Dysmicoccus sp., Dysmicoccus brevi

pes, Dysmicoccus neobrevipes see 
also «Wilt» disease - 163, 229 ... , 
257 , 420. 
Biology - 233-236. 
Control - 237-240, 323, 363 ... , 
(T. 49) . 
Damages symptoms - 229-233, 431-
435 (T . 59-60). 
Relations with ants - 235-236 . 

Ecology - 125 ... 
Economic aspects - 4 79 .. . 
Economy - socio-economy - 503-504. 
EDB = ethylene dibromide - 369-

370, 376-377 (T. 51) . 
Elements, see mineral concerned Po

tassium, etc .. 
Competition between elements. 

Emilia sagittata - 229 . 
Emilia sonchifolia - 229 . 
«Endogenous brown spot» - of fruits 

(non-parasitic «disease» . 193-195, 
409, 433-439, 447. 
Control - 44 7. 
Main symptoms - 193-195, 433-
439 (T. 60). 

Endrin - 368 (T . 50). 
Energy source - by -product - 4 75-

477 . 
Ensilage - by-product - 466, 4 71-

473 (T. 67) . 
Enterobacter agglomerans see Erwinia. 
Erosion - 287 . 

Control - 284-285 . 
Limitations imposed by control -
284-285 . 

Erwinia sp. 
Erwinia ananas - 226 . 
Erwinia carotovora - 223. 
Erwinia chrysanthemi - 223, 224 . 
Erwinia herbicola - 222, 433-435 

(T . 60)~P. 62. 
Ethephon - see 2 chloroethane-phos-
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phonic acid. 
Ethoprophos - 372-378 (T. 51). 
Ethylene - 102-106, 106-108, 122, 

392-393, 398 (T. 56), 409,428. 
Ethylene dibromide see EDB. 
Ethylene film see mulch. 
Eupatorium adenophorum - 268. 
Eupatorium odoratum - 383. 
Evapotranspiration 

~~~ntial ( 136-137 

Exochomus concavus - 238 . 
Exports, imports. 

Fresh fruit - 490-494, (T. 70 -71), 
(F. 85). 

Ju_ice ! 494-503 (T. 72 
Sls1cel.sd k 73 - 74),' (F. 86). 
« o 1 pac » 

«Eye» = eyelet = fruitlet - 70, 108, 
272-273, 298, 433-435 (T. 60) . 

«Eye rot» - of fruit, see Penicillium 
sp. and Fusarium sp . 

Fallow - 249-250. 
Fasciation - see Crown. 
Fenitrothion - 366 (T. 49). 
Fenthion - 366 (T. 49). 
Fertilization - of the flower - 44-51, 

106-108. 
Fertilization - 152, 275-276, 327 ... , 

337-341, 421-422. 
Burns caused by fertilization -
429-432 (T. 59 - 60) . 
Location of application - 339-341. 
Mechanization of application see 
mechanization. 
Method of application - 337-339. 
Solid - 337-338. 
Spray - 338-339. 

Fertilizer, see fertilizer concerned 
Potash, Sulphate, etc .. 

Fibre - 64,473. 
FIT = flower induction treatment 

see flower induction. 
Flemingia congesta - 249, 284. 
Flesh - characteristics - 44-49 (T. 3), 

179 ... , see also «green-ripe fruit». 
Flower. 

Anatomy - 68-69. 
Differentiation - 99-108. 

Flowering - 100-114. 
Flower induction. 

Artificial - 102-103, 120, 145-

146, 272-273, 208-299, 333, 391-
398, (T. 56), 433-434 (T . 60). 
Basic aspects - 103-106. 109-114. 
Natural - 100-102, 141-145, 297, 
322. 
Treatment (FIT) see artificial 

Fluazifop butyl - 388-390 (T. 390 
bis) . 

Foliar diagnosis - 152, 167 ... 
Fonofos - 379 (T. 52). 
«Forcing» = FIT = flower induction 

treatment. 
Formol - 361 (T. 48). 
Formothion - 366 (T. 41) .. 
Frankliniella fusca I 
Frankliniella occidentalis 228 
Frankliniella schultzei 

Fruit. 
Abnormalities, rots, diseases, etc. -
191-195, 433-435; P. 27 - 31, P. 43 
46, P. 50 - 51, P. 55 - 65, P. 68 - 69, 
P. 71 - 73, P. 75, P. 85, P. 88 - 89, 
P. 95, P. 99 - 102, P. 149. 
43 - 46 - 50 - 51 - 55 - 65 - 68 -
69 - 71 - 73 - 75 - 85 - 88 - 89 -
95 - 99 - 102 - 149. 
Anatomy - 68-70; P. 16 -17. 
Aroma - 70-72, 119, 182, 186, 
188-189. 
Colour - 44-49 (T. 3), 70-72, 114-
124, 182, 188-189, 405-406, P. 45-
46. 
Brix = refractory index see sugar 
content. 
Composition - effects of climate, 
etc .. - 70-72, 152-153, 180-186, 
186-191. 
Deficiencies - symptoms, see ele
ment concerned. 
Dried - 468. 
Filling - 118, 122, 182, 401-402. 
Flavour - 179-186. 
Fresh for export - harvest - 413-
414; P. 150 - 153. 
Fresh for export - packing - 443-
447(T. 62); P. 154 - l 57. 
Fresh for e~port - production, 
exports, imports - 490-494 (T. 
70-71) . 
Fresh for export - sorting, grading, 
disinfection - 441-443. 
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Fresh for export - transport, stora
ge - 447-448. 
Fresh for local market - 441. 
Frozen - 467-468. 
Growth - 112-113. 
Harvest - 413-414. 
Lodging, 112, 187,405. 
Physiology (pre and post-harvest 
physiology) . 109-125. 
Quality (climate) - 180-186, 191-
195, 269-272, 294, 298-299, 349-
350. 
Quality (nutrition) - 158-159, 186-
191. 
Refractory index = Brix. 
Respiration - 114. 
Ripening - 114-120. 
Sugar/acidity content - Sugar/aci
dity ratio - 70-72 (T. 8), 114-120, 
122, 176, 179-191, 294, 401-403, 
406, 409-412. 
Translucidity - 118-120, 191-193, 
435 (T. 60); P. 28. 
Uses - 437 ... 
Weight - increase by chemical 
treatment - 401-403. 
Weight . (in relation with) number 
of fruitlets - 108-109, 269-271, 
297-298. 
Weight - (effect of) nutrition · 
156-159, 175-178. 
Weight - (effect of) various other 
factors - 294. 
When to harvest - 406-409, 413-
415. 
Yield - 269-271. 

«Fruit collapse», see Bacteria. 
Fruitlet, see «eye». 
«Fruitlet core rot», see Penicillium 

sp. and Fusarium sp. 
Fumigants - 369-372. 
«Fusariosis» disease - of fruit, see 

Fusarium moniliforme var. sub
glutinans. 

Fusarium sp. - 209-215, 215-219, 
259, 297-298. 

Fusarium moniliforme var. subgluti
nans. 
Biology - 210-213. 
Control - 213-215, 360-362. 
Damages/symptoms - 209-210, 429-
430 (T. 58), 433-435 (T. 60). 

Genetic abnormalities - 42-44. 
Genetics - 39 ... 
Genetics - most commonly sought 

characters - 49-50 (T. 5). 
Giberella {ujikuroi var. subglutinans, 

see Fusarium moniliforme var. 
subglutinans. 

Gladiosus sp. - 264. 
Glomus sp. - 65-66 . 
Gluconobacter oxydans - 222; P. 62. 
Glyphosate - 314, 382-390 (T. 54). 
Graminae - control - 382-383, 390 

bis T. 54). 
«Green fruit rot» = «Heart rot», 

see Phytophthora spp. 
Green manure - 440 (F. 74), 465 (F. 

83), 466. 
«Green ripe» fruit - 81, 192-193, 

405-409, 435 (T. 60), 442; P. 45 -
46. 

Growth - 85-99, 269-272, 291-292, 
300,327 . 
Climate - 127-146. 
Fruit - 85, 109-114, 269-271. 
Leaves - 91-98. 
Roots - 86-91. 
Shoots - 98. 

«Gummosis» - of fruit, see Thecla 
basilides. 

Hanseniella sp ., H. ivorensis, H. 
unguiculata. 
Biology. 254-255. 
Control - 255-256, 378-380. 
Damages/symptoms - 252-253; P. 
80 - 82 . 

Hapa (type of shoot) - 66, 98, 317-
319 (T. 41). 

Haptoncus buteol~s l 265 Haptoncus ocularzs 5 
Harvest. 

Fruit - 406-409. 
Homogenization - 409-413. 
Mechanized - 413-415. 
Organization . 413-415. 
Shoots - 320, 424. 
Shortening the harvest periods, 
409-413. 

Harvesting - machine - 413-415, 
P.170 -171, P.173 -174. 

«Heart rot» - of fruit, see Phytoph
thora spp. 
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Helicotylenchus dihystera, 24 7, 249. 
Heptachlor - 368 (T. 50), 381 (T . 

53). 
Heptasmicra sp. - 261. 
Herbicides - 268, 284 313-314 

385-390, 390 bis (T. 54). ' 
Equipment for application - 388-
389, P. 133 - 135. 
Injuries caused - 431-435 (T . 59, 
60), P. 142 - 144. 
Main characteristics - 390 bis 
(T. 54). 
Practical hints on application -
389-390. 

Heterogeneity 
Between individual plants . 429-
430 (T . 58) . 
Patchy heterogeneity - 429-430 
(T. 58). 

Heteronychus arator - 262 . 
Hexazinone - 390 bis (T. 54) . 
History of the pineapple - 23-27 . 
Homogeneity - 273-275, 300, 420-

421 , 429-430 (T. 58) . 
Hybridization - 51-52 . 

IAA = Indole-3-acetic acid . 
Imazalil - 360-361 (T. 48) . 
lmperata cylindrica. 

Biology l 382-383 
Control ~ 

Improvement - plant - 49-53, 418. 
Indole-3-acetic acid (IAA) - 105. 
«Internal browning» = «Endogenous 

brown spot» of fruit. 
Inflorescence - 68-70 ; P. 16, P. 24 . 

Growth, development - 106-120. 
Differentiation (artificial or na
tural) - 103-108. 

«Interfruitlet corking», see Penicillium 
sp. and Fusarium sp . 

Iron - symptoms of deficiency . 165 
177-178 (T . 26) , 336-337, 431'. 
432 (T . 59); P. 38 - 39. 

Irrigation - 136-137 182-183 288-
289, 312-313, 314: 347 ... ' 
Boom - 288-289, 351 (T . 46); 
P. 132. 
Drip - 352-353; P. 127 - 129. 
Sprinkler - 288-289, 349-352 P. 
130 - 131. ' 
(and the) use of mulch - 310-313 , 

348-349. 
Isazophos - 372-378 (T. 51) . 

Jam - 468. 
Juice - canned - processing line - 458-

460. 
Juice - canned - production, export, 

494-495. 
Juice - 461. 

Concentrated - 460. 
Fresh - 441. 
Frozen - 460. 
«Mill juice» - 460. 
Powdered - 460, 468. 

Kew= Smooth Cayenne . 

Labour. 
Costs man day - 283, 287, 298, 
301, 320, 322-325, 326, 327, 
338, 404 , 405, 414,421 , 445. 

Lagria villosa - 265; P. 89. 
Lamyctemus coeculus - 255. 
Layout of the plantation 291 .. . , 

P. 112-114. 
Leaching, see soil-leaching. 
Leaf. 

Abnormalities - 164-167, 431-
432 (T. 59); P. 42, P. 49, P. 53, 
P. 70, P. 74, P. 86, P. 90 - 91 , 
P. 93, P. 97 , P. 142 -146 . 
Anatomy - 60-64, 276, 350-351. 
Colour - 60, 167-168, 333, 334, 
431-432 (T. 59) . 
«D» leaf - 96-97, 108-109, 134, 
168-172, 175 (T. 25) , 269 . 
Growth - 91-98, 127 .. . , 275-276. 
Harvest, 424. 
Mass - 91-98, 100. 
Number, rate of emergence, 60-
64, 91-98, 127 ... , 134, 294 . 
Representative sample see «D» leaf. 
Spines - 41-42, 44-49 (T . 3), 134. 
Symptoms of deficiency (see mine
ral concerned) . 
Uses - 471-473 (T . 67). 

«Leathery pocket» - of fruit, see 
Penicillium sp. and Fusarium sp. 

Lepidoptera - 211-212, 259-262 , 381-
382 (T. 53) , 433-435 (T. 60). 

Light - growth - 137-139. 
Liming - 149-152, 331, 335-336 . 



562 THE PINEAPPLE 

Lindorus lophantae - 257. 
Locule - 70, 118, P. 100 - 101. 
Lodging -112, 187,294,396,405. 
Lybindus dichrous - 263. 

Macrophylla ciliata, 262. 
Magnesium. 

Calcium rock powder - 313. 330. 
Fertilizer - Fertilization - 335-
336, 340-342. 
Fruit quality - 191. 
Leaf content, foliar diagnosis - 160-
162, 168-169, 177. 
Requirements- 151, 153, 155, 159-
160, 1 77, 335. 
Sulphate - 330, 340-341. 
Symptoms of deficiency - 165. 

Maipouri, see Smooth Cayenne Cvs. 
Maipure, see .Perolera Cvs. 
Malathion - 366 (T. 49). 
Malic acid - 72-84. 
Mancozeb - 357 (T. 47). 
Man day see labour. 
Maneb - 357 (T. 47). 
Manganese 165, 177, 431-432 

(T. 59); P. 41. 
«Marbling» disease - of fruit, see 

Acetobacter. 
Mealybug, see Dysmicoccus spp. and 

«Wilt» disease. 
Mechanization. 

Application of products - 290, 
365-367, 388-289, 392-393; P. 119 
141. 
Grading fruits for export fresh 
443, P. 162 - 165. 
Harvesting - 413-415, P. 170 
171, P.173 -174. 
Limitations - 283 287-288 290 
298,301; P. 109 - in, P. 114. ' 
Planting shoots - 325-326. 
Soil preparation - 288 314-315' 
P.115-119. ' ' 

Meiosis - 39, 109. 
Melanapsis bromeliae - 257. 
Meloidogyne sp., M. incognita, M . 

javanica - 242-244. 
Biology - 242-243. 
Control - 247-252, 369-378 (T. 
51). 
Damages/symptoms - 242-243. 

Meristem, see apex. 

MET = Maximum Evapotranspiration 
136-137. 

Metadontia curvidentata, 261. 
Metalaxyl- 357 (T. 47). 
Metamasius ritchei - 264. 
Methyl bromid - 364, 366 (T. 49). 
Metolachlor - 390 bis (T. 54). 
Mikania scandens = control - 384. 
«Mill juice» - by-product - 460, 462; 

P. 183 - 185. 
Mites, see Dolichotetranychus flori

danus. and Steneotarsonemus ana
nas. 

Miticides - 259, 380. 
Molybdenum - 166. 
Monodes agrotina - 264. 
Mordilona = Perolera (group of 

cultivar). 
Mulch, Mulching - 102-103, 129, 

136-137, 250, 274-275, 284, 291, 
310-313, 314-315, 324, 341 , 348-
349, 352, P. 118. 

Multiplication - 423 ... 
«In vitro» - 52-53. 
Destruction of the terminal meri
stem - 426. 
Stem division - 426-427. 
Using chemicals - 427-428. 

Mutation - 41 (T. 2). 
Mycorrhiza - 65-66, 175, 251; P. 12 -

13. 

NAA = ANA = Naphthalene-acetic 
acid - 102-103, 106-107, 121, 
394-395, 396, 398 (T. 56), 401-
403, 428. 

Nebulosity. 
Effect on growth, 136. 
Effect on fruit quality - 184-186. 

Nectariferous gland - 68. 
Nectary ducts - 218-219. 
N ematocides. 

Fumigants - characteristics, me
thods of application - 369-372, 
376-377 (T. 51). 
Systemics - characteristics, me
thods of application - 372-377, 
(T. 51). 
Systemics - effects on the plant -
374-375. 

Nematodes, see each species concerned 
Nematodes - relations between spe-
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cies - 24 7. 
Nitrogen. 

Fertilizer - Fertilization - 328, 
332-334, 339-340, 344-345 (T. 
42-44), 421. 
Fruit quality - 175-176, 186, 188. 
Leaf content, foliar diagnosis - 168-
172, 175-176. 
Potash ratio -159, 186, 187, 190, 
192-193, 334-335, 421, 424. 
Requirements - 152-160, 275-276, 
332-334. 
Symptoms of deficiency - 164, 
167, 431-432 (T. 59) . 
Yield -186 . 

Nursery - multiplication - 425-428. 
Nutrients. 

Removed from the crop - 152-154. 
Plant requirements, see nutrient 
concerned. 
Returned with plant residues - 154-
155 . 

Nutrition. 
Hydrous, see Water. 
Mineral, see Fertilization. 
Effect of root parasites - 160, 163. 

Nyctiperiod - 100, 141. 

Oligoelement - (see individual ele-
ment). 

Omethoate - 366 (T . 49). 
Orcus sp . - 257 . 
Organic matter see soil-organic matter. 
Organochlorine - 368 (T. 50) . 
Organophosphorus - 364-367 (T. 49), 

379 (T. 52). 
Origin of the pineapple - 31-33. 
Ovule - 51, 68-70 . 
Oxamyl - 366 (T. 49) , 372-378 (T. 

52). 
Packing - techniques for export of 

fresh fruits - 443-447 (T. 62); 
P. 154-157. 

Panicum repens - control - 383. 
Paper - bry-product - 4 73 . 
Paradiaphorus crenatus - 263. 
Paraquat - 309 , 382 ... , 390 bis (T. 

54). 
Parasites - of the plant, see individual 

parasite concerned. 
Parathion . 

Ethyl ~ 366 (T. 49). 
Methyl~ 

Parcelling - plantation - 288-290, 
429-430 (T. 58) . 

Parisoschoenus ananas - 264. 
Paspalum conjugatum - control - 383. 
Peduncle. 

Anatomy, 57, 68-70 . 
Growth - 109-114, 119. 

Penicillium sp ., 117, · 150, 191, 215-
221, 226, 259, 264-265, 297-
298, 412,442; P. 99 - 102. 
Biology - 217-219: 
Control - 21\l-221, 362-363. 
Damages/symptoms - 216-217, 433-
434 (T . 60). 

Penicillium funiculosum - 217-218; 
P. 99-102. 

Perchlordecone - 368 (T. 50). 
Pernambuco (group of cultivar) - 46-

4 7 (T. 3), 114, 237 , 281 ; P. 19, 
157. 

Perolera (group of cultivar) - 42, 46-
47 (T. 3-4), 218, 219, 261, 441 
P. 20, P. 59. 

Pests . 
Major - 241-262. 
Minor - 262-266, 431-432 (T. 59). 

Pesticides - accidents caused by 
application - 431-432 (T. 59), 
433-435 (T . 60) ; P. 142 - 145. 

pH , see Soil - pH. 
Pheidole megacephala - 236 . 
Phenamiphos - 376-377 (T. 51) . 
Phenolic compounds - 72, 105, 193-

195. 
Pborate - 366 (T. 49) . 
Phosethyl-al , see Aluminium ethyl

phosphite. 
Phosphorus. 

Fertilizer - Fertilization - 313 , 
328, 335-336, 340, 344-345 (T. 42-
44) . 
Fruit quality - 190-191. 
Leaf content, foliar diagnosis - 168-
172, 177 . 
Requirements - 151 (T . 16), 153, 
155, 158 . 
Symptoms of deficiency - 164, 
431-432 (T. 59) ; P. 36 . 

Photoperiod - 78-80. 
Photosynthesis - 56, 72-76, 105, 
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127 -140, 174-175, 180, 184, 271-
272, 276. 

Phoxim - 366 (T. 49) . 
Phyllophaga portoricensis - 26 2. 
Physiology . 55 ... 
Phytophthora spp .. 150, 164, 210, 

289 , 301, 311, 323, 325, 398 ; 
P. 47-49. 
Biology. 198-202. 
Control . 202-204, 356-358 (T. 
47), 359. 
Damages/main symptoms . 197-
198, 429-430 (T. 58), 431-432 
(T. 59). 
Species involved: 

Phytophthora cinnamomi · 198. 
Phytophthora citrophthora · 198. 
Phytophthora nicotianae · 198. 
Phytophthora nicotianae var. parasiti-

ca - 198. 
«Pineapple scale» . on fruit, see 

Diaspis sp. 
«Pink disease» of fruit, see Bacteria. 
Pitcairnia feliciana · 31. 
Planning - canning the plantation 

297-305, 421-422. 
Plant . 

Abnormalities - 429-435 (T. 58-
60); P. 47, P. 54, P. 66-67, P. 78° 
80, P. 148. 
Composition . 152-154 (T. 17), 
439 (T. 61). 
Fresh weight - 57 (T. 7), 85-86. 
Growth . 85-98. 
Improvement. 49-53 . 
Protection - 35 ... 
Residues, destruction, composition 
146-149, 149-152, 154-156, 308-
310, 311, 329-331; P. 115. 
Uses - 475-477 (T. 68). 

Plantation 
Layout - 291 ... ; P. 112 - 114. 
Parcelling - 288-290, 429-430 (T. 
58) . 

Planting. 
Dates . 300-301. 
(Effect on) date of flowering -
141-145, 299-300. 
Density. 291-296. 
Depth - 325: 
Management - 297-303, 421-422. 
Mechanization· 325-326; P. 125, 
P. 127 -129. 

Planting material. 
Shoots- different types - 317-320 
(T. 41). 
Weight flowering and harvesting 
date. 297-303 (F. 64) . 

Plastic mulch = plastic sheet, see 
mulch. 

Ploughing, see soil preparation. 
Poaceae = Gramineae. 
Podothrips lucasseni · 2:to. 
Polistes rubiginosus · 261. 
Pollen. 39-40, 109. 
Polyethylene sheet = plastic mulch 

see mulch . 
Potassium. 

Fertilizer - Fertilization · 328, 
334-335, 340, 344-345 (T. 42-44), 
421. 
Fruit quality - 176-177, 188-190. 
Leaf content, foliar diagnosis - 168-
172, 176-177. 
Nitrogen ratio. 186-187, 190, 
192-193, 334-335, 421, 424. 
Relationships with other cations · 
159-160. 
Requirements - 152-160, 275-276, 
334-335. 
Stomatic opening . 80. 

Pratylenchus brachyurus - 249 . 
Biology. 244-246, 247 . 
Control - 247-252, 369-378 (T . 
51) . 
Damages/symptoms - 242, 432 (T. 
59). 

Prediagnosis : (general vegetative ap
pearance of the field) - 429-430 

(T. 50). 
Press cake - by-product - 464-467. 
Procecidochares utilis - 268. 
Processing - «solid pack» cans (sli-

ces, broken slices, pieces, crush) 
and juice. 455-462. 

Production areas . 487 . 
Production. 

«Solid pack» cans (slices, broken 
slices, pieces, crush) and juice -
494-499 (T. 72-74). 
Fresh fruits - 487-489 (T. 69). 
Lines «solid pack» (slices, broken 
slices, pieces) and juice - 455-
462. 

Productivity - 274,347,353. 
Products. 
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Canned l 
Fresh ~ 448-450, 460-462 
Frozen - 467-468. 
Lyophilised - 468. 

Protids /glucids ratio in the leaves -
167-168. 

Pseudananas sagenarius (Pseudoananas 
sagenarius) - 31 , 39, 52 (T. 6): 
P. 14. 

Pseudococcus adonidum - 257, 380. 
Pseudococcus brevipes, see Dysm; 

coccus brevipes. 
Pseudococcus longispinus - 257 . 
Pullus sp. - 238. 
Pyroderces sp. - 265. 
Pyroderces hemisepha - 265. 
Pyroderces rileyi - 265. 
Pythium sp. 

Biology - 204. 
Control - 204, 358. 
Damages - 204. 

Pythium sp. 
Pythium arrhenomanes, P. grammz

cola, P. irregulare, P. splendens, 
P. torulosum - 204. 

Queen (group of cultivar) - 44-4 7 
(T . 3-4), 114, 218, 219, 442 ; 
P. 2, P.15 - 18. 

Rainfall - 126 (F . 42), 127 (T. 12), 
133-137, 301. 

Radiation. 
Solar - radiation - 77. 
Fruit quality - 184-186, 335, 
429-430 (T. 58). 
Growth -137-139 . 
Leaves - 431-432 (T. 59) . 

«Ratoon crops» - 42-43, 99, 160-
162, 292, 412, 417-422 ; P. 18, 
P. 176. 

Recovery canneries - 460-462. 
Red Spanish (group of cultivar) -

44-4 7 (T. 3-4), 114, 149, 163, 
202, 237, 248, 264, 281, 433-
435 (T. 60), 442; P. 21. 

Reference time table for planning 
schedule - 304 (F. 63). 

Requirements elements - 152-160, 
275-276, 331-337. 

Residues - crop - 154-156, 308-310, 
311-312, 329-331, 471-473; P.115. 

Rhizobius sp . - 257. 
Rhiz oecus americanus - 257 . 
Ridge - ridging, see Soil preparation . 
Ripeness - fruit, criteria for judging -

122, 406 . 
Roots. 

Abnormalities, deterioration - 146-
147 (T. 14), 429-430 (T. 58) , 
431-432 (T. 59); P. 12 - 13, P. 76 -
77, P. 80-83. 
Anatomy - 56-57 (T. 7), 64-66; 
P. 11,P. 23 
Asphyxia, hypoxy, flooding - 65, 
146-149, 308. 
Growth - 86-90, 127 ... , 146-
152, 420. 
«Root heart rot», see Phytoph
thora sp. 
Parasite relationship - 99, 142, 
160-163, 174-175, 424. 

«Root-rot» , see Phytophthora sp. 
Rotation with pineapple - 283-285, 

330. 
Rot - 429-435 (T. 58-60). 

Fruit, see Erwinia sp., Phytophtho
ra sp., Saccharomyces sp., Ceroto
cystis paradoxa, Penicillium sp. , 
Fusarium sp. 
Root, see Phytophthora sp., Py
thium sp. 
Shoot, see Cerotocystis paradoxa, 
Phytophthoro sp. 

Rotylenchulus reniformis - 249 . 
Biology - 246-24 7. 
Control - 247-252, 369-378 (T. 
59). 
Damages/symptoms - 247. 

Rotylenchulus unisexus - 249. 
Row - 291. 

Saccharomyces sp. - 226, 363 , 433-
345 (T. 60); P. 64. 

Sarawak= Smooth Cayenne. 
Scale - pineapple scale, see Diaspis 

sp. 
Schedule - cultivation schedule 

301-303, 304 (F. 63), 421-422. 
Scutellonema sp., S. brachyurum 

247,249. 
Scutigerella sp., S. sakimurai - 252, 

254. 
Seed - 40, 52 . 
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Seedling - 52. 
Selection - genetic - 50-51. 
Shading. 

Fruit quality - 184-186, 193. 
Growth - 137. 

Sheet-plastic = plastic mulch. 
Sherbet - 46 7. 
Shoot, see also Planting material 

Slip, Sucker, Hapa, crown - 66-67; 
P. 122. 
Abnormalities, deteriorations - 429-
430 (T. 58), P. 52 , P. 94 . 
Anatomy, characteristics - 66-67, 
89, 317-320 (T. 41). 
Disinfection - 321-324, 358, 359, 
365-366 (T. 49); P. 121. 
Fresh weight - 57 (T. 7), 324. 
Growth - 92-93, 98-100 , 140-141, 
159, 320-321. 
Nursery - 324, 426-427. 
Planting - 324-325 . 
Preparation (grading,trimming,etc.) 
321-324; P. 120. 
Production - 317-320 (T. 41) . 
Quality, 86, 317, 320-321, 333. 
Selection - 321-325, 420. 
Storage - 320-321 , 429-430 (T. 
58). 
Transport volume - 321-322, 324. 

Shredding - 308-309. 
Silage - by-product - 464-466. 
Sirup - 460,462,465 (F. 83) . 
Slices, broken slices. 

Dried - 468. 
Processing - 456-458, 460-462. 
Production, exports, imports 
460-462, 494-499 (T ; 72-74) . 
Reconstituted - 467-468. 

Site - choice of site - 287-288. 
Slip (type of shoot - 42 , 50-51, 66, 

98-99, 140-141, 300, 317-320 (T . 
41), 320-321, 394, 395, 404, 
423-424, 433-435 (T. 60) ; P. 4. 

Smooth Cayenne - 45-46 (T. 3), 48 
(T. 4), see also many places in the 
book ; P. 4, P. 6 - 7, P. 22 - 25, 
P. 30,P. 156. 

SNA = Sodium-naphthalene-acetic see 
NAA. 

Sodium l 167; P. 42. 
Sodium chloride 5 
Sodium-naphthalene-acetic = SN A see 

NAA. 

Soil. 
Chemical characteristics - 149-152, 
276, 313, 330-331. 
Cover - see mulch. 
Erosion - 284-285, 287. 
Evolution ( compaction, permeabi
lity) - 146-149, 307-310, 328-
331. 
Fertility l 283-285 307-310 
Improvement 5 ' · 
Leaching l 155 (T. 21) , 307, 
Lixiviation 5 310-313. 
Loosening - 305-310. 
Organic matter content - 148, 
152, 155, 287 -288, 313, 328-330, 
433-435 (T. 60). 
pH-acidity - 149-152 (T. 15), 
163, 201-202, 207, 330-331, 335-
336, 356, 358. 
Physical characteristics - 146-149 
275-276, 287-288, 307-313, 329'. 
330, 335-336. 
Preparation - 137, 287-290, 291-
296, 301-302, 307 -315 , 348-349, 
364, 385; P. 115 - 119. 

Soil - water - 133-137, 146-149, 
173-174, 271-272 . 

Solanum stramoniifolium - 236 . 
Solenopsis sp. - 236,368 (T. 50). 
«Solid pack» = slices + broken slices 

+ pieces+ crush. 
Processing - 456-458, 460-462 . 
Production, exports, imports 
460-462, 494-499 (T. 72 - 74). 

Spanish (group of cul ti var) - 44-4 7 
(T. 3) , see also Red Spanish . 

Spines - on leaves - 41-42 (T. 3), 
see also leaf spines. 

Spodoptera exempta l 264 
Spodoptera exigua 5 
Sprayer, see Mechanization. 
Spraying - machine, see Mechaniza

tion. 
Sprinkler irrigation - 290, 349-351; 

P. 130 - 131. 
Starch - 57, 59, 74, 114 . 
Stem. 

Abnormalities, deteriorations - 423-
430 (T. 58); P. 148. 
Anatomy - 57-60, 330. 
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Dividing for multiplication 426-
427. 
Growth - 9i, 159. 
Uses - 473. 

Steneotarsonemus ananas · 219, 257 . 
Biology - 258-259. 
Control - 259 . 
Damages/symptoms - 257-258. 

Stomata! resistance - 63 , 83. 
Stomata - 39, 63, 146,159, P. 8 - 9. 
Stomatic movements - 75, 83, 106, 

135,146 . 
Stump, see Spanish cultivars. 
Stylar duct - 218. 
Stylosanthes gracilis - 249-284 . 
Subsoiling see Soil-preparation. 
Sucker (type of shoot) - 66, 98-99, 

101, 103, 142, 318-319 (T. 41), 
420-421. 
Numb~~ of - 99, 140, 295, 318-
319 (T. 41) . 
Preparation, quality, disinfection, 
grading, etc . see planting material 
and shoot preparation. 

Sugar - by-product - 460, 462, 465 
(F. 83) . 

Sulphur - 164, 202. 
«Sunburn» - 191-192, 404-406, 433-

435 (T. 60); P. 27 - 28, P. 65, P. 
158 - 161. 

Sunshine . 
Carbon fixation - 77-78. 
Fruit quality - 184-186, 191. 
Growth of plant - 141. 

«Swamp rot» = «Root rot» , see 
Phytophthora sp. 

Symphilids - 160, 163, 312; P. 80 -
84. 
Biology - 254-255 . 
Control - 255-256, 314, 378-380 
(T. 52). 
Damages/symptoms - 252-253, 429· 
430 (T. 58), 431-432 (T . 59) . 
Species involved - 254. 

Symptoms of deficiency see mineral 
concerned. 

Tarsonemus sp. 257 see Steneotarso-
nemus sp . 

Taxonomy - 31-32 , 33 (T. 1). 
Telsimis nitida - 257 . 
Temperature. 

Carbon fixation - 76-77. 

Flowering - 100, 141, 145-146. 
Fruit Quality - 180-182, 192-
193, 433-435 (T. 60), P. 39, P. 149. 
Growth - 127-133, 311-312. 

Terbuphos - 366 (T. 49). 
Tetraploid - 39 . 
Thee/a basilides. 

Biology - 260-261, 298; P. 94 - 98. 
Control - 261-264, 381 (T. 53). 
Damages/symptoms - 260, 433-
435 (T. 60) . 

Thermoperiod - 76-77, 81, 128-129 
(T. 13). 

Thiabendazole - 359-361 (T. 48). 
Thiobacillus thioxidans - 202. 
Thielaviopsis paradoxa, see Cerato-

cystis paradoxa. 
Thiofanox - 366 (T. 49). 
Thripoctenus brui - 229. 
Thrips sp . tabaci, see also «Yell ow 

spot» disease - 228. 
Thyreophagus putrescentiae - 219. 
Tillage see Soil preparation . 
Tillandsia usneoides - 31. 
«Top rot» = «Heart rot» , see Phy

tophthora spp. 
Total Soluble Solid = TSS see Fruit 

sugar content. 
Toxaphene - 368 (T. 50), 381 (T. 

53) . 
Trace elements, see individual ele-

ments Zinc, etc .. 
Transpiration - 83, 135-137. 
Triadimephon - 361 (T, 48). 
2,4,5-Trichlorophenoxy-acetic acid (2, 

4,5-T) - 121. 
Trichodorus so . - 24 7. 
Trichome - 62-63, 94 (F. 26); P. 8 -

10. 
Trigona spinipes - 211. 
Triploid . 

Triploid - 39 . 
Trochalus politus - 262 . 
TSS = Total Soluble Solid see Fruit 

sugar content. 
Tylenchus brachyurus, see Pratylen

chus brachyurus. 

Urea, see Nitrogen fertilization . 
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Uret, see Nitrogen fertilization . 
Urophorus humeralis - 265. 
Uses. 

By-products of the canneries - 440 
(F. 74), 462-467 (F. 83). 
Fruit - 439-440 (F. 74), 467 (F. 83) 
470. 
Leaves - 440 (F . 74), 471-473 . 
Residues from preceding crop see 
residues-crop. 
Whole plant -475-477. 

Vamidothion - 366 (T. 49) . 
Vascular tissue - 57 . 
Vinegar - by-product - 441, 462, 465 

(F. 83). 
Vitamins - in the fruit - 73 (T. 8) . 
« Vitro-culture» . variants, multipli

cation - 52-53. 

«Water blister», see Ceratocystis para
dox a. 

Water. 
Carbon fixation - 75-76. 
Competition for - 293. 
Deficiency, excess - 125, 133-137, 
162, 226, 230-231 , 429-435 (T. 
58-60) ; P. 31,see also Asphyxia. 
Efficiency - 84, 135-136, 271-272. 
Floral differentiation - 100, 141. 
Growth - 134-135 . 
Loss - 285, 310-312. 
Mineral nutrition - 162-163. 
(and) Roots see Roots. 
Storage tissues - 62-63. 
Supply - 287. 
«Wilt» disease - 230 see also «Wilt 
disease». 

Wax - 123, 195,442. 
Weeds - 266-268, 285, 310-312, 

420,421, 423-424; P. 126. 
Bio-ecology - 267 . 
Control - 267-268, 382-390, 390 
bis (T. 54); P.133. 
Importance - 266-267. 
Major weeds - 382-384. 

« White leaf spot» , see Ceratocystis 
paradox a. 

«Wilt» disease, see Dysmicoccus brevi
pes, D. neobrevipes, and also ants . 
Causal agent - 236-237. 
Control - 237-240, 323, 363 ... 
(T.49). 
Main symptoms - 229-233, 431-
435 (T. 59-60). 

Wind - effects on plant - 81, 139, 
182, 339, 352. 

Wine - by-products - 441, 462, 465 
(F. 83). 

«Wound disease», see Ceratocystis 
paradox a. 

Xiphinema sp. - 24 7. 

Yeast, see Saccharomyces sp. 
« Yellow spot». 

Causal agent - 228-229. 
Control - 229, 363. 
Main symptoms - 227-228, 431-
432 (T. 59), 433-435 (T. 60). 

Yield - 269-271, 293 , 298-300. 

Zeteticontus utilis - 265. 
Zinc - 166 , 177, 256, 429-432 (T . 

58-59), P. 40. 
Zineb - 357 (T . 47). 

To find the origin of anomalies /damages on differents parts of the plant, 
see also summary tables 58, 59, 60 (pp. 429-435). 
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