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This number of the Planter is necessarily given exclusiye-

1y to the proceedings of the annual meeting of the Sugar 
Planters' Assoeiation, and a portion of the reports laid before it. 

These will be found of unusual interest to all engaged in the 
sugar business here or abroad. The most noteworthy itcm of 
general interest is the large crop that ha,s been harveste(l the 

past year, amounting to a little over 200,000 long tons of sugar. 

This unexpected outcome may be credited to a combination of 
causes, including exceptionally favorahle weather throughout 
the year, increased attention paid to preparing the soil and fer

tilizing the growing crop, and the improved condition of many 

of the larger mills, in the improvement of which there has been 

great expenditure, which is still being made. 

The establishment of a first-class laboratory and experiment 

station, under the direction of Dr. Maxwell, aided hy an efficient 
corps of assistants, has been an important factor in developing 
the sugar interests of Hawaii, which will no doubt increase with 

each succeeding year, as the requirements of the soil are more 
accurately ascertained, and the faithful co-operation of planters 
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is secured, in adopting the new methods and instructions given 
to them. 

The extraorclinm'y increase in the sugar outcome of Hawaii 
for 1896 affords an object lesson, illustrating the value of intel
ligent, scientific supervision in every stage of the work from the 
turning up and preparation of the soil to the marketing of the 
golden product, that should convince everyone who may have 
doubts that mother earth, when rightly assisted-not only in 
the cultivation of sugar cane, but also of other products of the 
laborer and his increased expenditure in her behalf, even beyond 

his most sanguine expectations. 

---:0:---

The latest qnotation of Ouban centrifugals in New York, 
Nov. 12, was 3{- cents. ·Willett and Gray's circular of Nov. 5, 

says:-"The sugar market has been interrupted by the election 
holidays and has not yet resnmed its activity. The result of 

the election has, however, given a strong and cheerful tone to 
the sugar sitlwtion, and holders are not disposed to reS111ne 

business on the basis of last week's quotations, which would 

be freely paid by buyers. They prefer to wait a few clays and 

see what the outcome is likely to be. Expectations are general 
that a period of prosperity is at hanel, in which all parties hope 

to participate. As soon as the congratulations over the election 

arc passed aronnel the people will no doubt set to work to reap 

the benefit therefrom." 
"The European markets opened easier but closed with an 

advance of 3 pence per cwt., due to reports of frost. A good 

amount of the new crop is now being marketed directly, and the 

total absence of any speculative disposition is a notable feature 
of the present campaign thus far. How soon this may change, 
as it certainly will, remains to be seen. Quotations for Decem

ber contracts arc tls. 5{d. and for :March fls. tlel." 

-VYe arc obliged to defer publication of several· of the rcports 

presented at the annual meeting, and they will appear in the 

December issue of the Planter. 
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FIFTEENTH ANNUAL MEETING 

OF THE 

aamaiian Sugap Planteps'Rssoeiation. 

In accordance with notices issued by Secretary Bolte, the 
regular annual meeting of the Hawaiian Sugar Planters' Asso
ciation opened at ten o'clock of Monday, November 16, in their 
hall on Nuuanu street. The attendance was about the same as 
at previous sessions, there being present representatives from 
nearly every planting district of the group. 

President Swanzy opened the convention with the following 
interesting address: 

Gentlemen:-I greet you with my heartiest congratulations 
on the splendid results attained during a sugar season such as 
these islands never before witnessed. 

,Vhen we consider that ten years ago the sugar export was 
108,000 tons, and that five years ago it was 137,000 tons there 
is every reason for a feeling of satisfaction on reaching the 

figmes of this past season during which a very large acreage 
of cane has been safely harvested, and over 225,000 tons of 
sugar have been exported. Since onr last session much good 
and valuable work has been done by what I may style the 

scientific department of our Association, and many planters are 
indebted for a measure of tl1Cir present success to the careful 
and painstaking advice which they have received from this 

department. 

Preparations have been made, by the acquirement of a suit
able tract of lund, for the carrying out of practical agricultural 
experiments under competent supervision,. and I am ,perfectly 
satisfied that the future benefits to be derived by you from these 
experiments will be of considerable importance, and will fully 
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justify the expenditure which their conduct involves. Such 
prejudice as may at any time have existed against scientific meth
ods has happily almost disappeared from among us and there are 
but few now whose belief in scientific agriculture and manufac
ture is not· as great as should be expected at this advanced era; 
and even this small minority will doubtless soon arrive at a fnll 
recognition of the assured fact that only with the assistance 
of science can the cultivation of canG and the manufacture of 
sugar prog'l'ess as it should if we are to keep pnce with the r;'st 
of the sugm'-producing "world and occnpy a position abl'ea~t of 
the times. The increased Humber of sugar chemists now at work 
in our factories indicates a growing belief in increased scientific 
methods, which, without doubt, will keep up with the very evi
dent interest taken by the body of our planters in the scientific 
work of this Association. 

During t110 past year many sng-ar works have been greatly 
improved, and others are now being equipped with the ,·ery 
latest and most approved maehillery "witll which they may the 
bettcr deal "with fnture crops.. ,V (' have, I am pleased to be able 
to state, been quite free from any labor tronble during the 
past twelye months; and the supply of labor has been, on the 
whole, sufficient, notwithstanding the demands ma(Ie by other 
agricultnral enterprises; and the absence of strikes 01" dis
turbances of any consequence indicates a satisfactory feeling 

of content among plantatioll laborers. 

The arrangements made last year for defraying the cost of 
fertilizer lmal;ysis has not worked satisfactorily owing to the 
failure of some plantatiOlls to submit the fertilizers used by 
them for analysis. As a. consequence of this it has been found 
necessary to burden the general fnnds of the Association "with 
the entire cost of the laboratory, as it would be unjust to make 
a. charge for analysis to those only who have observell faithfully 
the agreement into whieh the majority entered. You will 
therefore be asked to formulate a system whereby the fnnds 
of the Association may be relieved from the expense of making 

tlle necessary analytical examination of fertilizers. 
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I regret its having been impossible for :NIl'. Roebele to remain 

in Honolulu to meet the members of the Association which still 

willingly assumes the responsibility of half his salary and ex
penses, but am pleased to say that he still gives his valuable 

services, as etymologist to this country. 

The legislators have come together in regular session since 

our last meeting, and 11ave passed some measures of interest 

and importance to the planting community. Of tlwse the prin
cipal are, an amendment to the act restricting Ohinese immi

gration, an act relating to internal taxes, and an act relating to 

taxes on income; besides "which was passed an act to provide 

for the registration of male residents which encountered snch 

seyere criticism, owing to an espccially objectionable featnre 

"which it cOlltained, that it was rcpealed towards the end of the 

session. 
Regarding the new tax law I will only say that it seems 

unfortunatc that a more acceptahle method of increasing the 

contributions of sugar estates to the national treasury "\vas Hot 
adopted than that which taxes what the law describes a.:i the 

"fail' and reasonable aggregate valne." 

In conclusion, permit me to express the hope that the "fair 

and reasonable aggregate value" of the estates in which each 

one of you is interested may continually i~crease, that your 

prosperity may endure and that when we have the pleasure 

of meeting together again next year, you may be as well satis

fied with the result of the campaign of 1897 as you have every 

reason to be with that of 1896. 

In thc absence of the treasurer of the Association, :111'. P. C. 

Jones, :Mr. Bolte read the treasnrcr's report, showing the re

ceipts for the year ending October 31, 18()6, to have been 

$16,275.70 and the expenditures for thc same period $17,587.60, 

leaving a balance of $1,311.flO dne to the treasurer on that date. 

In reply to a question asked hy :Mr. Irwin, whcther all the 

plantations in the Association had paid their assessments on the 

total product of sugar manufactured during the year, the secre

tary stated that they had. He also stated that the amount 
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which would be required to meet the expenses of the coming 

year, as estimated by the treasurer, was $18,339.11, which in
cluded the sum that had been advanced by him. To provide this 

amount, an assessment of 15 cents per ton of sugar manufac
tured during the current year, would be required. 

On motion of :Mr. Baldwin, this matter was referred to the' 

lloard of trustees, with the approval by the meeting of the 

assessment proposed by the treasurer. 

Secretary Bolte then read the following: 

---:0:---

REPORT ()F THE LABOR COJDlf111TEE. 

This committee have concluded to be very brief in their this 
year's report for the reason that during the last twelve months 
the supply of new laborers for the sugar plantations has oee11 

fully equal to the demand. The Ohinese and Japanese who 
have been brought here have proved, on the whole, to be a 

satisfactory class of laborers, there have been no serious dis
turbances or strikes amongst them, and desertions have been few. 

No Portuguese or other European laborers have been brought 
here during the last twelve months, but an agreement has been 

made between the planters and the Government under which 

th planters have to bring 10 per cent. of European or Amer
ican agricultural laborers in addition to all Asiatics that are 

being introduced, :.-mel it is expected that a number of European 

laborers will arrive here within the next 12 months. 

The tota1 arriyal and departure of Asiatics during the last 

twelve months has oeon as follows: 

Arriyed from October 1, 18fl5, to September 30, 189G: 

:l\Iales. Females. Total. 

OhilH'so, 
Japanese 

............... :3:145 

............... 4113 

111 
835 

3556 

494·8 

850D 
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Departed from October 1, 1895, to September 30, 1896: 

l.1:ales. Females. Total. 
Ohinese,. . .............. 1133 57 1190 
Japanese . . .............. 2088 539 2627 

3817 

4,87 

This increase is partly accounted for by the extension of the 
sugar industry, which has taken place last year, nearly all plan
tations having increased their acreage and cultivation. 

The committee abstain from giving any statistics of the labor
ing popUlation now living on these islands, as the government 
census for this year will be published in a few days. 

Honolulu, November 16, 1896. 

O. BOLTE, 
J. :IT. HAOKFELD, 
E. D. TENNEY. 

Oommittee on Labor. 

l.1:r. Alexander Young, chairman of the committee on ma
chinery, then read the following report on the progress that had 

been made during the past year in improving sugar mills 
throughout these islands: 

---:0:---

ANNUAL REPORT ON l1IACI-IINERY. 

It is interesting to notice that from year to yf'ar the progress 
made in the agl'icnltnral department of the sngar indnstry, 
great as it has been, has had running parallel with it the con
stant intelligent and jmlicions improvement in the machinery 
used in transporting the cane from the fiel(ls and dealing with 

its proclnct nntil the sugar in bags has reached the deck of the 

vessel, to be taken to market. 

The ox-cart of former clays with its procession of horned 
cattle in advance of it, often being hanled throngh mnd up 
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to the wheel hubs, has given way to the railway car with the 
snorting locomotive, though on some few plantations the mule 
wagon is still to be met with and for good reasons in some loca
tions, may be adhered to for years to come. Generally speaking 
however, unless when fiuming cane can be adopted, the loco
motive with her steel wrist is what we must place our reliance 
on for transportation; and since the introduction of the loco
motive into the sugar industry of this country great improve
ment has heen made in selections. The Baldwin type being the 
favorite on most plantations at present. 

:MILtS:-,Yithin the last year much attention has been 
paid to the crusl1ing. of calle in our factories and today no 
progressive plantation mt1nap;el' is satisfied unles8 ile can be
lieve that he has appliances which enahle him to goet a little 
better extraction of juice than Ids neighbors across the gulch. 
The trend is still in favor of crushing as compared with diffusion, 
and decidedly ill favor of nine-roller mills. 

Pahala, ,Yailuku, Paauhan, and Kahuku factories were fitted 
a fe,v years ago with sets of three two-roller mill:! without any 
appliance in front of cane mill to prepare the cane for the rollers. 
Pahala continues to run the three two-roller mills as when 

erected. At ,Yailuku, a smal.Ier mill, one of Smith's cutters in 
front of cane mill was tried for a while but has now been thrown 
out and a Krajewski crusher has this year been placed in front 

of the first pail' of rollers. At Paahau a National shredder was 
placed in front of the first mill. And at Kahuku before the 
commencement of last campaign the first two-roller mill was 
converted into a three-roller mill. I nfront of this three-roller 
mill it is proposed to place one of Smith's cutters. 

Since last anllualll1eeting the following changes in mills have 
taken place: -Waianae Plantation puts in two new 30xGO three

roller mills complete with hydraulic regulators and reserves 
one two-roller mill of same dimensions for final compression. 

I-Ieiea Plantation adds one three-roller mill with toggle-joint 
regulators making the installation consist of two three-roller 
mills and 011e final two-roller mill. ,Vaimanalo Plantation adds 
a three-roller mill which also gives a train of two three-roller 
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mills and one final two-roller mill, all with suitable engines and 
gearing. Koloa Plantation adds one new 30x66 three-roller 
mill and will then have two three-roller mills nncl one tinal 
two-roller mill with sllitahle engines and gearing. A Smith's 
cane clltter is to he used in front of these mills, hydraulic regu
lators 011 middle and final mill. Hanamaulu Plantation adds 
two 34x78 three-roller mills complete with hydraulic regulators 

also new engines and gearing. Hana Plantation adds one 30x 
60 two-rol1el" mill with engine and gearing which give a train 
of one three-roller mill and two two-roller mills. Hamoa dis
cards thf' former small mills and puts in one three-roller 
mill 30xGO and one two-roller mill same size with suitable engine 
and gearing. Papaikou Plantation discards the train of mills 
formerly nsed and puts in a nine-roller mill or three three-roller 
mills 32xGG complete with hydraulic regulators, gearing, and 
engine, similar to the installation for some time m use at the 
Ewa Plantation, but not so hn·ge. Pepeekeo Plantation adds 
one three-roller mill fitted with hydralllic reg11lators, and throws 
out, for the present, one two-roller mill; all rollers ;30x60. The 
mill installation will then consist of a Krajewski crusher and 
two three-roller mills 30xGO. Should it afterwards be thought 
adyisable, the two-roller mill now laid aside 'will be added as 
a final mill next campaign. taupahoehoe Plantation adds one 
30xGO two-roller mill with engine and gearing, also hydraulic 

regulator attachment. This makes an installation of one three
roller mill and two two-roller mills, all 30xGO. 

It is understood that a contract is about to be made for two 

large three-roller mills for Pain Plantation which will make the 
cane crushing installment at that place consist of one Krajewski 
crusher and two three-roller mills. 

At Hamakllapoko Plantation diffllsion will be discontinued 
in the near future ancl one three-roller mill added to the crush
ing rollers, which will make that installation consist of two 

three-roller mills and one two-roller mill. 

At Hakalau Plantation important changes hav!'J been made. 

The two factories have been merged into one and the crushing 
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installation there, now consists of a National shredder, one 
three-roller mill and two two-roller mills, and night an~l day 
work has been adopted instead of da;y work only. At"'\Y ainaku 
Plantation larger and more modern mills have been put in and 
the cane crushing installation there now, consists of a National 
shredder, two three-roller mills and one two-roller mill. The 
two three-roller mills, and one two-roller mill. The two three
roller mills have hydraulic regulators. The types of engines 
now applied to modern mills are mostly the Oorliss and the 
Putnam, both of which are admirably adapted to snch work. 

There may be other changes made and anticipated in mills 
but the foregoing will suffice to show that the tendency is, as 
has been stated, towards three-roller mills with hydraulic regu
lators and, in some instances, to installations of three sets of 
rollers, or nine-roller mills. Only one two-roller mill has been 
made at the Honolulu Iron "'\Y orks this year, and three last 
year, the other two-roller mills being put in at the several 
plantations are second hand mills. :Most planters now seem 
to be alive to the fact that it does not pay to grow cane and pass 
it through mills unsuited for their work; hence the small mills 
that have been doing' two or three times as much work as they 

were designed for must go, and much larger and more powerful 

improved mills are taking their places. 1'JlO results will be a 
much increased extraction, and breakdowns to a great extent 
avoided. The new mills and gearing's of today have all the parts 
liable to breakage made of steel forgings and castings, and be
sides, the proportions of the parts are greatly increased and the 

lower roHers are brought closer together, making the returner 
plate much narrower than in the older mil1s. 

Of the contrivances for dealing with the cane preparatory 

to its cntering the rollers, the Krajewski crusher is no doubt by 
far the better appliance. Smith's cutter is of use in cutting the 
crooked sticks and leveling the feed for the mill, amI as it 
costs but a small sum of money it is in usc on several plantations. 
The shrcdder has fouud a place at four of onr mills and does 

good work. The lCrnjewski crusher docs the most excellent 
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work, but its very considerable first cost has hitherto kept it 
from being more generally adopted, there are so far only four in 

this country; one at Paia; one at Pepeekeo, one at Kekaha, and 
one being pnt in at \Vailuku. On the Oolonial Sugar Refining 
Oo.'s Plantations, where installations of two three-roller mills 
mostly are used, the shredder 11as for some time been generally 
in 11se; but from a letter recently received here from one of 

their plantation managers, it would appear that they have at 
present serions thoughts of introducing the Krajewski crusher 
instead. 

OLARIFIOATION AND FILTERATION APPLIAN
OES:-High temperatnre clarification has found favor in at 
least two factories outside of Ewa where it has been pract.iced 
for several seasons. Papaikou and Koloa are preparing to adopt 
it in the coming campaign and machinery for that purpose has 
been ordered. Bag filters, as 11sed at Kahuku for years, are 
again to he used at Ewa in combination with precipitators and 
in connection with the high temperaturc clarification. At Pio

neer mill also, hag-filters are to be adopted in connection with 
the ordinary clarification. The old fashioned open clarifiers 
seem with few exceptions to hold their own without change. 

On many plantations, however, an attempt is made to get along 
with too small a number of such e1ari{iers and the work has 

therefore to be hastened too much, the result being imperfect 
clarification; the same thing may he saiel of the mu~-pre::;ses 
so far as capacity is concerned. Bag-filters also fail to do good 
work when a sufficient capacity is not provided. 

Experilllents arc now heing conducted at one of the Oolonial 
Sugar Refining Oo.'s mills in double clarification and sub.,iding, 
with beneficial results. 

In multiple effect evaporators a strong inclination in favor 

of gTeater capacity manifests itself of late. At the Ewa Plan
tation the capacity of the present CJua(lruple effect is to be 

gTcatly inereased before entering' lipan the eomillg' eampnign. 

Paia Plantation has thrown out the triple effect that has helm 

llsed for llUlllY years and replaced it hy one of almost double 
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the capacity. "Waianae makes the addition of a seven-foot cell 
to present triple· effect. "'IYaimanalo adds a seven-foot cell to 
present double effect. Koloa adds an entire double effect to 
present capacity. Pahala adds an eight-foot cell to present 
triple effect. The Portuguese sugar mill at Hilo has had 
added to the works the triple effect thrown out at Paia Planta
tion. Kukaiau adds a seven-foot cell to the present double effect, 
while at other plantations similar changes arc anticipated. 
"'IYhat is true of the multiple effect is also true of the vacuum 
pan c1umg'es, the need is felt of additional capacity; larger and 
more model'J1 pans are being introduced in some factories while 
in others belts and additional coils are heing added to present 
pans. 

The entrainment of sirup in thc vapor passing from multiple 
effects and vacuum pans had some attention beyond mere ex
perimental tests this year. The introduction of a simply con
structed and inexpensive contrivance at Pepeekeo early in the 
year revealed such startling results in loss of sirup in both 
llluitiple effects and vacuum pans that some mill managers in 
the neighhorhood were prompted to take immediate steps to 
rectify the matter. From the vapor passing off from the last 
cell of a triple effect, a seven-foot cell, at the above named plan
tation, there was a saving by the trap inserted, of 17 gallons 
of sirup per hour, standing at a density of 22 degrees Beaume 
continuo11sly, during ordinary work. Twenty or more of these 
traps will be in use at the commencement of coming campaign; 
from ahoye results it would appear that no vacuum pan or 
multiple effect should be without some kind of appliance for 
pi:eventing such loss. It will be easily understood that the 

greater the velocity of the vapor leaving the evaporating vessel, 
the greater will be the loss by entrainment of fine globules of 
sirup being carried off toward condenser, hence the desirability 
of having the vapor passages leading from cells as large as may 
be practicahle. At "'IVaiakea mill where careful experiments 
were conducted with one of those traps, during last campaign, 
Oll fincl cell of multiple effect, it was fonnd that the greatest 
loss was sustained when the liquid being' boiled was kept nt n low 
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level in cell with say one-third of the evaporating drum un

covered, and the least loss when there was from three to five 
inches of sirup over top of drum. 

OENTRIFUGALS:-There is a tendency to increase the 
1111mbCl" of centrifugals and the capacity of mixer troughs as 
well as to add adjoining tanks connected hy sluice gates to mixer 
trough, for storing second sugars. This additional storage is 
not only a great convenience in handling the sugars but it gives 
time for the masse cuite to cool slowly and grain up better while 
cooling. 

ORYSTAI,I .. IZERS:-In other sugar countries a method of 
working is rapidly coming into practice whereby all the vaCUU111 
pan products are passed direct from the pan into jacketed cylin
drical vessels each capable of holding a strike of the pan. Those 

. cylinders are provided with closely fitted spiral revolving sti17ers 
which agitate the maSSe cuite gently dnring the 18 to 24 hours 
it is allowed to remain in the vessels with the temperatnre under 
col1t.ro1. It is claimed for this metho(1 of working that about 
12 per cent. more dried sngar can be obtained from the masse 
cnite than if passed into the cent.rifngal mixers and dried with
ont delay. It. reqnires a snffieiollt 11U111 bel' of sne1; vessels to ho1<1 
at least a whole day's work. The jackets of tho yosse1s are CO'I

l1eeted wit.h steam, hot water, and ('01<1 'watpr, S(I that the tem
perature of the contents lllay be mailltaille(1 01" Yarie(1 at will 
by the attell(1ant. Genn-any, snffil'iellt 110M is obtained for 
the pnrpose frolll t.he discharg'e from tail pipes of pans being 
passed throngh the jaekets, hnt if not, exhallst steam may be 
used. 

STORAGE TANKS:-Some of om p1anters ha\'(~ been de
voting their attention lately to the storag'e of molasses sugars
fourth sugars-und as a result }[r. A. :Moore, mmlUger of Paau

han Plant.ation, has induced the owners to add to present ap
pliances a large steel tank some 87 ft. long by 14 ft. wide and 13 

ft. deep, divided into 24 compartments, each provided with a 
draw-off gate in bottom. These compartments have each a 
capacity of about 650 cubic feet or from one to two strikes 
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of pan. In most of our factories large stone and cement tanks 
are provided for this purpose, and when one strike after another 
is discharged into them it is spread over the whole area perhaps 
not over one or two inches deep and is therefore rapidly 

cooled off. 
The object of this large cellular tank is, first, to keep each 

strike 01' perhaps couple of strikes of pan in a compact mass, 
so that in order to promote crystallization, cooling may be slow 
and gradual; and second, that when sufficiently crystallized the 
contents may he drawn off into tho wagons that pass along on 
a track under this multiple tank and dumped into the mixer 
troughs of centrifugals. This method of handling molasses 
sugar will save much labor and will make it possible, in a cleanly 
manner, to deal with this product at any time during the cam
paign when the centrifugals are not needed on other work, but 
the main objcd is to increase the proportion of crystallized sugar. 

Respectfully submitted, 
ALEX. YOUNG, Ohairman Oom. 
GEO. ROSS, 
JNO. HIND, 

GEO. R. KW ART. 

Dr. nfaxwell heing called upon to make a report, stated that 
his reports had been printed in full in pamphlet form, and laid 
before the memhers presen~. Therefore it would not be neces
sary to read them in full. lIe had, however, prepared a short 

statement regarding the work of the laboratory for the coming 
year, which he would prescnt here: 

---:0:---

TlIORT( ()F THE LABORATORY AND EXPERI
MEN7' STATION FOR TIlE CURRE1VT YEAR. 

LABORATORY:-In addition to the examination of fertili
zers, sugars and sugar house products, and other materials 
concerning which information is required, the study of our soils 

will be continued. So far, the work on soils has heen confined 
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to estimations of the total phosphoric acid, nitrogen, lime and 

potash. During the present year, special attention wil) be gi\'en 
to the nitrogen and phosphoric acid in our soils, with the p.11 P03C 

of determining the forms in which these bodies are pre~ent. and 
the measure of their availability. This work is of imlllediate 
practical importance because of its bearing upon the kim1 amI 
quantities of fertilizers which it may be advisable to l'SO. 

EXPERIMENT FIELD :-The land required for fiel(l ex
perimentation has been secured. The field has alrem1y LeeH 
enclosed by a high and strong railed fence. An old cattao'c 

'"' 
already upon the laud has been put into onler for usc of the 
laborers. A new building has been erected which inclndes ac
commodation for the foreman in cllarge of lahor, a room for 
cane analysis, with a small room for storage, etc_ 

The field has heen broken up and the buried butts of trces 
gotten out, and the lanel cleared and levelled. This preparator.v 
work has been done in order to bring the land into the most 
perfect state of hOll1ogenousness, without which strictly com
parative experiments, side by side, are not possible. Also, on 
account of the bad mechanical state into which parts of the 
land has been brought through excessive irrigation by Ohina
men growing truck, the land has been ploughed and cross
ploughed to a depth of eighteen inches and thoroughly exposed 
to the sun and air. 

During the next few weeks, trees overshadowing the land 
will be removed, the borders of the land put in shape, roads laid 

ont, the fence and houses protected against the weather, and 
piping for irrigation laid in. 

EXPERIMENTS :-These will be confined at the beginning 

to the leading varieties now growing on the islands. The seed 
cane will he obtained from plantatiolls for the first year's ex
periments, and for the growing of seed cane for the second year's 
'planting of experimental plots. 

Fertilizing trials will be made to observe the action of potash, 
phosphoric acid, and nitrogen individually, and also to note 

the action of these hodies in different combinations. Further, 
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the action of nitrogen as nitrate of soda, sulfate of ammonia, 
and in organic forms will be determined. These trials will be 
made with IJahaina and Bamboo canes, in order to note the 
behavior of these canes in relation to fertilizers, and to deter
mine the exhausting effects of the varieties, comparatively, upon 
the soil. These comparisons will require the most exae.t weigh
ings to be made of the cane, and all leaves and trash, and the 
determination of the mineral matter in all the parts of the whole 
crop, and this 'will show the exact amount of mineral taken from 
the soil by a ton of cane, and thus by a crop of fifty tons of cane, 
and will furnish' a rational and exact basis for the supply of 
fertilizing elem0nts in order to make good what the crop, small 
or gTeat, l1as removed, and for the maintaining of the fertility 
of the soil. 

Green-fertilizing with different leguminolls plants 'wil1 be 
practiced in preparing the land for cane experiments. 

These, and other more detailed ohservations, will engage the 
efforts of the lahoratory anti the field during the current year. 

---:0:---
Heganlillg the effect of the presidential election on bnsiness 

generally, the American Grocer says: 
"Again with tremendous voice the people of this R0pllblie 

have clemonstmted their capaeity. for self-government and ad
herence to tllOse principles which tend to strcngthen and pOl'pet
uate national life. The phenomenal majority given Major 
'W i11iam :r.reKillley cannot be considered a party victory, for 
the one great issne of the campaig11-the maintenance of a 
gold standard-was fOl'eeclupon the Republican party b,Y pnblic 
sentiment of the nation. 

"Sneh 11 d0111onstration stirs the heart to patriotic resolve, 
inspires love of cOllntry, devotion to the flag, is an objeet le:;son 
to our l1<lopted citizens, and strengthens faith in "a government 
of the people, by the people, and for the people." 

",\Vith a stable cnrreney, a tariff which will yield sufficient 
revenue to meet the oblig'ations of our Govemment and ad
justed to incidentally protect American lahor, a policy of reci
procity, and a restored eommercial marine, capitalists can 
afford to make investments, bankers to loan money, merchants 
to advertise and give credit, and manufacturers to reach ont 
for wieleI' markets." 
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REPORT ON SOILS. 

By WALTER MAXWELL, DIRECTOR HAWAIIAN EXPERIMENT 

STATION AND LABORATORIES 

To the Trustees and :Members of the Hawaiian Sugar Planters' 
Association: 

Gentlemen:-The considerations of a general character with 
which the report on soils of last year was introduced do not 
require to be repeated, and we can proceed at once with a 
statement of the examination of soils conducted during the cur
rent year, which is a continuation of the work begun in 1895 .. 

The soils with which the laboratory has been engaged during 
this year are almost exclusively from Hawaii. The number 
of samples sent in by the plantations so far, and the analytical 
data obtained from the examination of them are insufficient 
for the purpose of conclusions concerning the special nature 
and variations of the soils; yet these data are sufficient to indicate 
the outlines of character of the soils in the several districts, and 
as a whole. 

Mr. J. T. Orawley, assisted by Mr. C. F. Eckart, has estimated 
the nitrogen, phosphoric acid, potash, and lime in 48 samples 
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of soil, which were sent in from the Districts of Rohala, Hama
kua, Hila and Rau. . As those districts are distinguished from 
each other by certain geological differences, and by very notable 
,extremes in climatic conditions, it is advisable to present the 
results of analysis in a form indicating the character of the 
soils of each district; which is seen in the following table: 

District. Origin. Analysis Nitrogen. Phos. Acid. Potash. Lime. 
, . Per cent. Per cent. Per cent. Per oent. 

Kohala ... Mauna Kea 19 0.415 0.470 0.518 0.240 
Hamakua, ,. 14 0.572 0.566 0.264 0.187 
Hilo ..... " 6 0.633 0.50,1, 0.2m 0128 
Hilo ..... ,Mauna Loa 2 0.8,1,0 0.307 0.215 0.447 
Kau .. , ... ,. 7 0.482 0.606 0.846 1.090 

The division of the island, in our considerations, into districts 
was mainly on account of the differing local climatic conditions. 
The further sub-division of the Hilo district was suggested by 
the several sources of the layas; the greater portion of the soils 
in the district of Hilo, like those of Hamakua and Rohala, being 
derived from the lavas of the :Mauna Kea crater region, whilst 
the soils of "\Vaiakea, and of the whole of Kau, have been, and 
are being formed from the discharges of the :Mauna J~oa crater. 
N ow, the character of the soils, and the varying results of the 
action of climate upon them, not only suggest that dissimilar 
physical conditions causing dissimilar chemical conditions, may 
have accompanied and followed the discharges of lavas from 
the respective craters, we also know that the relative ages of 
the soils furnished by 1\1anna Kea and ~fauna Loa are widely 
different. The gTeatest portion of the earths formed from the 
former are comparatively well dissolved and matured; whilst 
the soils derived from ~huna Loa are relatively young and 
unformed. Moreover, :Maul1a Loa is still actively engaged in 
the work. In April of this year, when we were in Rau ex
amining the soils of that district, :Mauna Loa broke loose at its 
summit, and the localities of Naalehu and Pahala were in some 
apprehension of a "side flow" which would overspread the cane
bearing slopes of the Ran district. 

In examining the analytical data bearing upon the soils of 
the several districts the comparisons of "makai" and "mauka" 
soils, and of the "virgin" and "cropped" soils of the lower and 
upper altitudes, which were made with soils of Oahu, Maui 
and Kauai, and stated in last year's report on soils, are not 
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possible. In the first place, too few samples of virgin soils have 
been obtained to make a comparison of virgin and cropped 
soils having any reliable value. Again, in the district of Hilo, 
and of a part of Hamakua, the rainfall is so great, extending 
down to the sea, that the aistinction between makai and mauka 
lands froin the standpoint of rainfall falls away. In Kohala, 
also in Kau, the distinction does obtain, and the results of the 
division of the soils into lower and upper are in general agree
ment with the conclusions reached last year in the preliminary 
study of the other island soils, which the following data indicate: 

MARA!. 

District. Nitrogen. 

Rolwla ... 0.36 per cent. 
Rau ...... 0.32 per cent. 

Lime. 

0.35 per cent. 
1.14 per cent. 

MAUKA. 

Nitrogen. 

0.47 per cent. 
0.69 per cent. 

Lime. 

0.13 per cent. 
0.77 per cent. 

The data relating to Kau are insufficient to convey more 
than an indication. 

The lime in the makai soils of Kohala examined, varies 
between 0.24 per cent. and 0.45 per cent.; and in the mauka 
soils between 0.05 per cent and 0.18 per cent. Notwithstanding 
the evident action of climatics npon the lime content of soils, 
examples are found which indicate that there are causes of 
variation in the content of lime and potash which can only be 
explained by physical and chemical action upon the lavas at, 
or shortly after the time of emission. Observations have been 
made which enable us, with a high degree of reliability, to ex
plain what have been the processes of these causes. It would 
not, however, be of practical use to over-weight this report with 
these considerations, which will be set forth in a more precise 
statement at a suitable time. 

On Hawaii, it is less necessary to compare upper and lower 
lands in order to illustrate the action of rainfall upon the lime, 
potash, and nitrogen contents of the soils; we have an illustra
tion, on a large scale in the comparison of the soils of the res
pective districts. In the table of analyses the nitrogen is 
found to rise with the increase of rainfall from Kohala to Hilo. 
In Kau the clim!ltic conditions resemble those of Kohala, and 
as the nitrogen in the soil is of organic origin, and controlled 
by the rainfall, the amount in Kau soils corresponds to that in 
the soils of Kohala. On the other hand, the lime, also the 
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potash, gradually fall as we proceed from the dry to the wetter 
districts. The lime contents of the Mauna Loa soils, including 
those of the wet locality of Waiakea and the dry district of 
Kau, will require special consideration, for reasons of a g~o
logical nature already suggested, so soon as more ample data 
are obtained. 

The data furnished so far by the examination of the soils of 
Hawaii support the leading observations made last year on the 
soils of Oahu, Maui, and Kauai. 

The features of especial practical moment which the Hawaii 
soils present are the relatively low content of lime and the 
enormous content of nitrogen. The latter is more than double 
the mean nitrogen content of the other three islands, whilst 
the lime is less than one-half. In this last sentence is expressed, 
in brief, the action of the climatic conditions upon the soils of 
our islands. 

Before considering the bearing of the low lime and high 
nitrogen contents of the soils upon their immediate crop-bearing 
capabilities, attention will be called to observations made upon 
certain of their physical properties. ,'iT e shall, hO\'.'8\'er, fi t';'<; 

give a summary table showing the mean of results obtained in 
the examination of the soils of the four islands which are based 
upon nearly 100 analyses: 

Island. Lime. Potash. Phosphoric Acid. Nitrogen. 
Per cent. Per cent. Per cent. Per cent. 

Oahu .......... 0.380 0.342 0.207 0.176 
Rauai .. .. 0.418 0.309 0.187 0.227 
Maui. .. ...... 0395 0,357 0.270 0388 

Means ...... 0.398 0.336 0.221 0.260 
Hawaii-
(M. Kea soils) .. O 185 0.346 0.5]3 0.540 

Hawaii is the wet island, the cane crop depending wholly 
upon the natural rainfall, even in the districts of smaller pre
cipitation; whilst the culture upon the other three islands is 
conducted with thc aid of regular irrigation. 

MECHANICAL STATE OF SOILS. 

In the report of last year certain observations, of an elemen
tary character, were made upon the mechanical condition of 
the soils of Oahu, :1faui, and Kauai. These observations lll-
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eluded the estimation of the relative amounts of fine and coarse 
earth composing the soils, and also the proportions of fine earth 
removable by dry pulverization and by wet pestling respectively. 
This distinction in the separation of the fine earth from the 
coarse was made in connection with the estimation of nitrogen 
in different soils, and in view of the relations of the nitrogen 
content to the amount of fine earth, and its bearing upon given 
physical properties of soils. 

For reasons already stated, it is not possible to consider the 
several districts of Hawaii under the divisions of "makai" and 
"mauka" soils; neither can we compare cropped with virgin 
soil because of the small number of samples of virgin sOlI 
sent in for examination. A table is given showing only 
the total fine earth, the amount of fine earth removable by 
wet pestling, the coarse earth, and nitrogen content in the soils 
of the three districts: 

District. Total Fine Earth. 
Per cent. 

Robala ............ 68.4 
Hamaklla .......... 84.6 
Hilo .............. 85.7 

We" Pestling. 
Per cent. 

0.2 
]1.7 
10.0 

Coarse Earth. 
Per cent. 

31.6 
15.4 
14.3 

Nitrogen. 
Per cent. 

0.415 
0.572 
0.633 

The data in this table are strongly comparable in certain 
Ieatures with the observations made on the soils of the other 
islands. On the other hand, the mechanical state of the soils 
of Hawaii is not to be strictly compared with that of the other 
island soils. These soils are geologically much younger than 
those of Oahu, 1\1:aui and Kauai, and the climatic conditions are 
extremely different. Kohala soils examined, which have prob
ably been formed under a small rainfall and cultivated without 
irrigation, are still crude and granular. The elementary me
chanical analysis says, almost in every example, "full of small 
undecomposed stone particles," which means the residue of 
rocks and stones not finally decomposed, and this causes the 
large proportion of coarse earth. One practical experiment, 
in which a surface soil was constantly exposed for months to the 

action of the air and sun' by a fallowing and constant stirring, 
showed the fine earth to have increased from 50 per cent to 66 
per cent. Five.such experiments are now in process upon crude 

soils in different localities in order to reliably observe the action 
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ot radical fallowing upon the unoxydized constituents of im
perfectly decomposed earths. 

Some parts of Hamakua, and the whole of the Hilo district, 
have a rainfall which acts directly more potently in decom
posing soils as well as in washing out the fine earth. This 
direct solvent power is increased by the acid reaction given to 
these soils from decay of the vast vegetable growths. Excessive 
rainfall and high temperature act rapidly on rock surfaces, and 
when this is supplemented by the processes of growth and decay 
of plants that thrive in acid media the decomposition is very 
rapid. Fern growth is already beginning to take possession 
of the last lava flow from :Mauna Loa, which cut its vast swarth 
through the dense forest and tropical growth, and stopped only 
a mile from the ,Yaiakea plantation mill, and yet that lava flow 
took place only fifteen years ago. On the other side of the 
island, in the dry Kan. district, lavas more than a century old 
have hardly a weed upon them. 

Not only is it probable that the preliminary observations 
which have been recorded will require some revision, it will 
not be of use to say more upon the mechanical state of our 
soils genei'ally until more precise mechanical examinations have 
been made, and data have been obtained on the clay content 
and also upon the amount and state of the soil humus. We 
shall therefore limit the remainder of this report to some obser
vations that have been made upon certain physical properties 
elf our soils. 

POWER OF SOILS TO ABSORB AND RETAIN 

:MOISTURE. 

The property of the soil to take up and retain moisture 
exists in close relation with the factors which compose the 
mechanical state of soils, and is therefore of general interest 
and importance. As the cane, crop is very dependent upon an 
ample water supply, and because three of our islands grow cane 
by use of an expensive system of irrigation, this power of soils 
to take up an adequate amount of water, and to hold it with 
reasonable tellacity,is a matter of the g'l'eatest practical moment 
to U8. 



r----------·--

FIGURE-ABSORPTION AND RETENTION OF WATER. 
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The following examination embraces soils from Oahu, Maui 
and Kauai, and includes twenty samples, which were selected 
in order to represent definite districts and distinct types of 
earths. In some instances several samples are used from a 
given plantation because of the specially representative character 
of its soils and the value of the indications furnished, we may 
say that· the purpose of the experiment was not to investigate 
methods of determining the water capacity of soils, but to ob
serve the relative capabilities of the soils of the several districts 
to take up and hold moisture, as shown under uniform treat
ment by a practical method whereby equality of conditions 
were secured. 

The soils were used in the state in which they were taken 
from the field, and without separation of any coarse matter 

or small stones, the samples having been only sun-dried. The 
filling of the soil into the cylinders was done by one person 
(the writer) and uniformity in each detail observed. 

The cylinders were of almost strictly identical capacities, 
being one and one-half inches square and nine inches deep. 
The bottom of each was finely perforated and overlaid inside 
with a square of fine linen, in order to let the water rise within 

the cylinder without the soil particles being leached out. 

When ready, the cylinders were hung upon. a movable frame 
in the apparatus shown in the figure, and the frame was low
ered by means of the handle into the trough, until the bottom 
of the cylinders touched the surface of the water in the trough. 
The cylinders were kept in contact with the water until the 
soils were saturated, which state was determined by re-weighings. 
After saturation, and determination of the water absorbed thus 
by capillarity, the frame was drawn up and the cylinders sus

pended in mid-air, the water being removed from the trough, 
re-weighings being made at definite intervals in order to record 
the rate at which the respective soils were yielding up the moist

ure by evaporation. The cylinders were expoaed uniformly to 
the sun for the first several days in order to carry off the excess 

of moisture and check fermentation of the organic matter. 
After ten days the sun was kept from the frame. 
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One example in detail is given to show the course of the 
experiment, after which a summary of results is recorded in the 
appended table: 

Weight of Cylinder ........... ___ ............................. 164 grams 
Weight of Cylinder and Soil.... .... .... ...... . . . .. .......... 553 " 
Weight of Cylinder, Soil and Water of Absorption ..... ... ..... 692 " 
Weight of Soil in Cylinder~369 grams 
Less 5.9 per ceLJt of moisture or 22 grams ... .... .............. 347 " 
Weight of Water Absorbed......... ............ ............. 181 " 
Water Absorbed by Soil, February 13 ......................... 52.2 oz. 
Water Retained by Soil, July 21. ...................... " . .... 7.7 oz. 

This example explains that 347 grams of water-free soil (100 
grams equal to 3.5 ounces) a1sorbed 181 grams of water, or 
52.2 per cent., and finally retained 7.7 per cent. on the weight 
of the soil. 

The appended table, which shows the actual proportions by 
weight of water absorbed, and also the rates at which the soils 
gave up the absorbed moisture relatively, place~ before us data, 
and certain indications of the greatest practical significance. 
The top line of figures states the water absorbed by each recorded 
soil. It is seen that the absorptive powers of the soils vary be
tween the extremely wide limits of 31.8 per cent. and 86.9 per 
cent. The causes of this variation so far observed are the pres
ence of small rock residues in imperfectly decomposed soils; 
the large percentage of fine earth in soils receiving wash from 
higher lands; the intimate relation of certain low lands with 
the sea-borders; but most conspicuollsly, the relative amounts 
of organic matter in the soils. 

In the report of last year attention was ealled to the great 
differences in the amollnt of organic matter present in our soils, 
and it was shown that the difference lay chiefly between makai 
and mauka lands, the difference being in relation to the rainfall. 
Attention was further drawn to the action of the excess of 
organic matter in preventing the loss of :finc earth by heavy 
washing, and it was ohserved that a further action of the organic 
matter would be in enabling the soil to absorb and retain moist
ure. To show to what extent that observation was correct the 
following brief table is given: 

Soils. Nitrogen. 

Muklli. ..... " .0 163 per cent. 
Mauka ...... " .0.&17 per cent. 

Water Absorbed. 

44.6 per cent. 
66.5 per cent. 

Water Retqined. 

6.2 per cent. 
197 per cent. 



DATE. 

Water Absorbed. 

'eb'y F 
F eb'y 

I. 

" 
1\ 'larch 

" 
" 
" 

A pril 
" 
" 
" 
" 

fay 
" 
" 
" 

J une 
" 

13 ............ 

15 ...... .. , .. 
19 ............ 
26 ............ 
4 ............ 

11 ............ 
18 ....... .... 
25 ............ 
1 ........... 
8 ........ 

15 ........... 
22 ............ 
29 ............ 
6 ............ 

13. .......... 
20 ............ 
27 ............ 
3 ............ 

10 ............ 

HEmA. 

Per cent. 

31.8 

29.2 
23.1 
18.2 
15.9 
12.4 
l1.U 
9.5 
9.2 
7.0 
6.1 
6.0 
4.9 
4.6 
4.3 
4.3 
3.7 
3.7 
3.1 
2" July 21.... ........ .0 

WAIMANALO. 

Per cent. 

50.0 

46.4 
39.8 
31.8 
~8.3 

22.9 
~U.U 

18.0 
16.4 
15.1 
14.2 
13.2 
12.2 
11.6 
11.2 
10.6 
10.0 
9.7 
9.4 
8.0 

-

WAIANAE. EWA. KEKAHA. MAKAWELI. KEALIA. KILAUEA. KILAUEA. 

Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 

51.0 I 36.5 59.5 52 2 47.0 46.6 52.2 

45.1 34.1 57.1 50.0 44.4' 44.4 40.1 
40.7 27.5 48.4 40.6 37.0 37.6 33.8 
35.7 23.2 42.9 36.3 30.2 29.4 27.1 
26.3 17.4 33.9. 30.0 26.2 24.7 24.2 
19.6 14.0 29.3 23.3 21.9 19.7 20.2 
15.~ U.6 26.5 1!:J.~ ~1?5 16.8 18.2 
12.9 10.0 24.6 16.1 16.6 14.7 17.0 
11.7 9.2 22.8 14.4 16.0 12.9 15.0 
10.5 8.7 20.9 12.9 14.1 11.4 13.8 
9.9 8.4 19.7 12.1 13.5 10.4 13.2 
9.0 7.9 18.8 . 11.5 12.6 9.6 12.7 
8.2 7.3 17.9 10.6 11.7 8.9 11.8 
7.9 7.3 17.5 10.6 11.4 8.5 11.2 
7.6 7.0 17.1 10.2 111 8.5 11.2 
7.3 6.8 16.3 9.5 10.8 7.8 10.7 
6.7 6.5 16.0 9.2 10.2 7.5 1Q.4 
6.7 6.5 15.7 8.9 9.9 7.5 10.3 
6.1 6.2 15.3 8.6 9.3 7.2 10.3 
5.5 5.6 14.7 7.7 8.4 6.4 9.4 

HANA. HANA. HANA. HANA. HANA. HANA. SPREOKELS- SPllEOKELS- SPREOKELS- SPREOKELS_ 
VILLE VILLE. VILLE. VILTJE. 

Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per·cent. Per cent. Per cent. 

86.4 72.7 86.9 73.7 73.0 70.0 44.3 46 3 62.6 45.2 
81.4 67.2 82.0 68.7 68.3 68.6 40.5 43.0 59.5 42.5 
71.3 59.9 71.8 59.9 59.0 58.7· 32.5 38.3 53.2 36.5 
61.3 54.5 61.1 52.7 48.0 526 25.7 28.9 43.1 29.3 
57.2 52.1 56.3 49.9 42.9 45.8 18.8 22.2 36.4 23.2 
52.2 48.4 51.9 45.9 38.6 42.3 14.8 16.8 29.1 18.2 

I 
4!:J.~ 45.4 48.1 4~.!:J 36.3 3!:J.~ 12.8 14.2 24.6 16.1 
46.2 43.6 46.1 40.4 33.9 37.5 11.4 12.9 21.9 14.5 
44.2 41.2 43.6 38.8 32.0 35.9 10.5 11.9 20.6 13.7 
42.7 38.1 41.2 36.4 30.0 34.1 9.7 10.8 19.4 12.7 
40.0 36.3 39.3 34.8 28.9 32.5 9.1 10.0 18.8 11.9 
37.7 34.5 37.8 33.3 27.3 310 8.5 9.5 17.9 11.1 
35.6 32.1 35.9 31.3 257 29.5 7.7 8.7 17.2 10.3 
34.7 31.5 34.4 30.3 25.0 28.7 7.7 8.7 17.0 10.3 
33.8 30.9 34.0 30.0 24.7 28.4 7.7 8.4 16.7 10.0 
31.5 29.9 32.0 28.2 22.6 26.5 6.8 8.0 15.8 9.5 
30.9 29.0 31.4 27.6 22.3 25.6 6.5 7.7 15.5 9.2 
30.0 28.7 31.1 27.3 22.0 25.0 6.2 7.4 ]5.2 9.2 
29.4 28.1 30.1 26.7 21.1 241 57 7.1 149 8.9 
28.2 27.2 29.2 25.2 21.1 22.1 5.4 6.5 14.3 8.9 

¥h&iWJ 
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This table shows that the mauka lands, which are the lands 
rec'eiving a great rainfall, and whose soils are consequently rich 
in organic matter, have a power to, absorb and retain moisture 
in great excess of the makai lands which are relatively poor 
in organic matter. 

There are other conditions which counteract the function of 
the organic matter in the relation of the soil to water. The 
Heeia soil contains 0.23 per cent. nitrogen. It is also rich in 
the constituents which form clay, and yet it neither can absorb 
nor retain water in its present state. We expect to locate t4e 
cause in certain other conditions. 

The Kekaha soil, and one of the Spreckels ville group, which 
contain only 0.1 per cent. of nitrogen, appear to owe their 
greater affinity to water to special conditions of location. The 
sea, at a time relatively recent, has overflowed one of these 
soils and the former sea-bed closely underlies the other. A 
large part of these lands is highly charged with chlorides of 
sodium and magnesium, and considerable sized pockets, that are 
too near sea level to allow of drainage, are too salt to bear crops. 
These exceptional soils, however, in no wise controvert our 
main observation,-that the organic matter is a predominating 
factor in the relation of soils to water. "Ve are strengthened 
in our persuasion, moreover, that the clay content of soils does 
not stand in a relation of as great moment and small variability 
'as the organic matter to the power of soils to absorb and retain 
moisture. 

For use of comparison we give an average statement of obser
vations made by German, French and English authorities which 
indicates that soils possessing the constituents and mechanical 
conditions most favorable to fertility absorb about 60 per cent. 
of their own weight of water. If this average is accepted, it 
is then seen that most of our makai soils ahsorb too little water, 
and it will be shown that our mauka lands may absorb too much. 

In considering the data in our table which show the power 
of the 'soils to retain the moisture they have taken up, we shall, 
in the first place, repeat the explanation that these data give 
the behavior of the soils relatively under the same conditions. 
They do not state the behavior of the soils in their places in the 
fields, where we know, the conditions of temperature between 
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makai and mauka lands are extremely variable. At the makai 
levels, with high temperature and a maximum sunlight, 0 the 
evaporation would be immensely more rapid than is found in 
our experiments, where the soils were kept out of the sun. On 
the other hand, on the high lands, with much rain and cloudi
ness and lower temperatures, the rate of loss of moisture must 
be less than we have shown. 

For practical reasons, we shall compare the i·elative contents 
of moisture at the end of one month. Opposite the date, March 
11, a line of comparison is taken. It is seen that, during one 
month, certain of the soils gave up nearly two-thirds of the 
moisture absorbed. Others had lost about one-half; whilst a 
further number still retained three-fifths of the water taken up. 

o Oonsidering them according to our former distinction, the mauka 
soils still held 55 per cent. of the water absorbed, whilst the 
makai soils retained only 37 per cent. Now, if we 
consider these soils in place, in the field, it requires little effort 
of mind to see what would take place: The makai soils, resting 
under an almost uninterrupted daily blaze of the sun, would 
be practically dried out; whilst the mauka lands, with the great 
rainfall and lower temperatures, would be charged with an 
amount of moisture highly prejudicial to vegetable growth. 

The truth of these observations concerning the makai lands 
is too patent to our experience to need further remark, and we 
can go on to some examples of mauka soils. In our table six 
soils are recorded from the Hana Plantation. These are ex
clusively from mauka lands, and have an average nitrogen con
tent of 0.750 per cent. Last year, when discussing the fertili
zation of these lands, we stated that the causes of the slow and 
poor growth of the cane were physical rather than chemical; 
and that the chemical analysis alone was inadequate to lead 
to an economic solution of the trouble, which is frequently the 
case. Since that time certain of the physical properties of these 
soils have been examined. Four of them could not saturate 
themselves by capillarity, full saturation alone being attained 
by addillg of water at the surface. Our table shows, however, 
that the mean absorption of the six soils was 77 per cent., and 
that at the end of one month 60 per cent of the absorbed water 
was still retained. If now these observations made in the 
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laboratory be transferred to the soils in place in the field, we 
are left without doubt that the physical conditions ai'e the root 
of the trouble. Especially during the winter months the tem
perature of the air is very low upon the mauka lands, and it 
is during the season of lowest temperatures that the greatest 
rainfall occurs. This combination of climatic conditions causes 
the high land to be surcharged with water of low temperature 
during the winter months, and well into the smll.mer, and 
through the summer in unusually wet seasons, and herein lies 
the main cause of stagnancy dnring the winter, of yellowness in 
the spring, and of the poor results of the cane at grinding. The 
means of ameliorating the conditions of such soils as we have 
described will be considered in another place. In the Hana 
district, however, certain of these mauka lands are being left 
out, and the more sure economic course is being adopted of 
collecting the rainfall upon the higher elevations and leading 
it down by flumes to new makai lands. 

I,eaving the example which has heen t.reated at length, and 
returning to the general data contained in our table, given 
practical considerations at once occur to us. If the soils differ 
so largely in their capacity to take up and retain ,Yater it is 
quite clear that one uniform method of irrigation cannot be 
followed to obtain the results for which we irrigate. If we 
give a large volume of water at one time to a soil with a small 
capacity to hold it, the water must waste by under-drainage. 
In proof of this, one Uanager on Maui and another on Kauai, 
have lately informed us that when given fields were being irri
gated, water invariably was found flowing in gulches at a lower 
level, and that it ceased flowing with the cessation of the irri
gation. In these examples are found not only a waste of good 
water but of all the fertilizing matters soluble in water. Such 
soils should be irrigated frequently, and with a smaller volume 
at a time. This is emphasized more particularly by the fact 
that, even if the water does not waste by underground drain
age, it escapes more rapidly into the air; for it is shown that 
those soils which have the least capacity to take up water have 
also the least power to hold it. On the other hand, if water 
is given in excess and frequently, to soils having not only a large 
capacity to take up, but also a strong te~acity to retain water, 
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the results can be equally disastrous. Such a kind of soil we 
have found in the Kekaha district of Kauai. The Kekaha soil 
on our table took up about 60 per cent. of water and at the end 
of a month retained still one-haH of it. This finding has com
pletely justified our advice given when at Kekaha last year. A 
large field of rattoons was shown to us and we were requested 
to explain the cause of the yellow and sickly aspect of the crop, 
which th~ manager remarked "was not like doing much." 'Ve 
said there appears to be no cause of the trouble except ovel:-irri
gation. This opinion was received at first with some doubt. The. 
advice, however, was acted upon to reduce the water in large 
amount, and to give 200 lbs. of nitrate of soda to the cane 
instantly. 

A short time ago the manager informed us personally "that 
there was no doubt remaining that the excess of water was the 
cause of the trouble, and that the reduction of the water, and 
the application of nitrate of soda at the niche of time-, saved 
the crop, which had just given fiye tons of sugar an acre." Upon 
the plantation at 'Vaimea, and similar soil, the same cause of 
trouble was found. ~lr. Conant, at our instance, cut down the 
water supply to one-half on a part of one field in order to ob
serve the result; and later he informed us that the cane which 
received the least water was better, and in a better state for 
working at the opening of the grinding season than any other. 
Mr. Baldwin informed us that he and lvIr. :l\Iorrison have 
observed that the :Makaweli lands require less water than the 
soils of the Spreckelsville and Paia district. This practical 
observation is in strict keeping with our experiments. 

The :Makaweli soil in our table took np over 52 per cent. of 
water, and at the end of one month retained above 45 per cent. 
of that amonnt. Three of the Spreckelsville soils absorbed 45 
per cent. of their weight of water, but contained only 36 per 
per cent. of the water taken up at the close of one month. 

Then, our experiments indicate not only the constituents and 
physical properties which control the relations of soils to water, 
they set forth the varying modes in which water should be 
applied to dissimilar soils by irrigation. To soils having a 
small capacity to take up, and a correspondingly small power to 
hold water, irrigation should be applied frequently, and a 
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small volume at a time. One and one-half inches of water every 
five days would render a vastly greater value than three inches 
once in ten days. Soils having a greater capacity can receive 
more at a time and less frequently; but it must be borne in mind 
that a soil is in the best condition to aid growth when it con
tains only about half of the water it is capable of taking up: 
Saturation, as well as dryness, operates against the maximum 
rate of plant growth, leaving out of notice at this place the waste 
of fertilizing matters from over-saturation. "'IV ere it always 
possible, the best mode wonld be, having first gauged the water 
capacity of our soil, to keep it as nearly uniformly charged as 
we can with about one-half it can contain. Irrigation, however, 
with other acts of cultivation, is largely controlled by conditions 
of labor; and for this reason any practical recommendations 
which might follow upon our observations must stop at this 
place. :Managers of plantations, like other industrial heads, have 
frequently to do what they can, and not what they would. 

Before leaving the subject matter of our table of results, 
attention is called to the bottom line of data, showing the water 
content of the soils on July 21, which means the amount of 
moisture the respective soils were capable of retaining under 
the given conditions. Excepting the Hana soils, the Kekaha 
soil, and one of the Spreckelsville already explained, it is seen 
that the final water contents of the soils are extremely low. 
In fact these results are remarkable! And when it is repeated 
that these experiments were comhlCted indoor, and the soils in 
the shade, we are impressed with what must be the rate of 
evaporation of moisture from our lower lands, either directly 
from the soil, or by cellular transmissioll throngh the cane, in 
our ail' temperatures, and under the generally unclouded aspect 
of the sun. 

The power of soils to absorb llloistnre has been stud
ied by many authorities; but there are prllctically few or no 
available data bearing o~ the property of the soil to retain 
moisture that we can compare with the data in our table. 
'Vhilst in chargc of the U. S. Gov. Sugar Beet Exp. Station in 
Nebraska, we made identical tests of the Experiment Station 
soil, and by the side of soils from Indiana and Maryland. .The 
Nebraska soil absorbed about 46 per cent. of water, and at the 
end of seven weeks it contained still 37 per cent. of that amount, 
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when it began to re-absorb moisture from the air. Those soils 
were kept -in the shade, as in our present tests, but the air tem
perature of Nebraska during the days in high summer, vary 
from 10 to 20 degrees above our summer maxima, and the hot 
winds of that region are unutterably severe. The amount of 
organic nitrogen in the Nebraska soil ,vas just double the mean 
nitrogen of our makai lands, however. 

In returning to our opening observations upon the soils of 
Hawaii we have to say that samples of soil from that island 
were not sent in in time to be included in the study of the physi
cal properties treated of, and that until those soils have been ex
amined in a similar way, bearing upon their ·physical condition, 
and the actual state of the organic matter has been looked into, 
it will be well to say little. "Ve are persuaded that the esti
mation of the actually humified nitrogen in soils of certain 
localities will not furnish us an adequate view of the relation of 
the organic matter to the water capacity of the soil. There 
is a vast amouut of water-holding vegetable matter which is 
largely excluded from the sample of fine earth used in the 
chemical analysis. :Moreover, we haye some reason for think
ing that amongst the partially humified matter is some small 
portion of albuminous matters, richer in nitrogen than actual 
humus, and which our method of humus determination could 
include. These remarks, however, have no further significance 
than to indicate that a very careful examination of all the nitro
genous constituents of our soils must be made before more is said. 

The low content of lime and the enormous content of nitro
gen of the Hawaii soils generally and of certain very specially, 
and the effect of these characteristics upon their crop-bearing 
capabilities will be more properly discussed in the report on 
fertilization. 

In the report of last year we spoke of the need of preserving 
the organic matter in certain of our soils, particnlarly the low 
lands, because of its action in retaining the fine earth and moist
ure. 'Vith the increase of actual data, bearing upon other 
kinds of soils, amidst other and very pronounced climatic con
ditions, and for reasons of a physical nature, we may have to 
cons~der means of reducing the content of organic matter, and 
with this question is bound up the mode of supplying lime to 
lands poor in that element. 
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REPORT ON CULTIVATION. 

By WALTER MAXWELL, DIRECTOR HAWAIIAN EXPERIMENT 

STATION AND LABORATORIES. 

To the Trustees and Members of the Hawaiian Sugar Planters' 
Association: 

Gentlemen:-A committee of four, including a representa
tive for each island, was appointed by the President to act 
with the Director in obtaining actual data to aid in preparing 
a report on cultivation. Due to absence, several gentlemen 
have been unable to co-operate. The representative of Hawaii, 
however, l\fr. Lidgate, Hamakua, has rendered valuable aid, 
entering with great interest upon the work. 

A series of representative questions was prepared and sent 
to the members of the Oommittee indicating the lines along 
which it is desirable to pursue information, and in order that 
data may be furnished covering given conditions on all the 
islands. The value of such a mode of inquiry has been thor
oughly authenticated. The letters of reply to these inquiries 
made by several managers of plantations to Mr. Lidgate are 
very carefully thought out responses to the respective questions, 
and the concentration of these replies upon one line of inquiries, 
but emanating from plantations representing very dissimilar 
conditions, gives to them great interest and value. If t~is 
method of inquiry should be continued, it may not only aid in 
making one locality or island more familiar with the conditions 
and usages of others, but also furnish ample explanations, show
ing why certain acts of cultivation obtaining in one district 
would be very bad practice in some others, and vice versa. 

Plollgh'ing: This is the act of breaking up the surface soil 
to a depth adapted to the intended specific use of the land. 
This adaptation is controlled, on the one hand, by the "specific 
use," or, in other words, by the crop to be grown. In prepar
ing for sugar beets, we plough land, suited to that crop, twelve 
inches, and snbsoil six inches more. This would be very bad 
practice in preparing land for spring cereals, which gather their 



512 THE PLANTERS' MONTHLY. [VOL .. XV 

food near the surface, and whose root system thrives best in 
a moderately firm and compressed medium. In ploughing land 
upon ~hich the turnip crop has been fed off where it grows by 
sheep, to grow barley for the Burton breweries in England, a 
depth of five inches is not exceeded, and compressing with roll
ers is adopted to secure a firm seed-bed. IN e may leave aside 
the special demands made by crops that alternate with e'ach 
other, and give our attention to the nature and properties of the 
soil which determine the depth to which it should be ploughed, 
and which have given cause to the vast diversity of views upon 
the relative merits of shallow, deep and subsoil ploughing. 

For immediate planting, no soil should be ploughed to a 
depth below the natural staple. By "staple" is meant the depth 
of surface soil which is already in a state mechanically and 
chemically to supply the elements of plant food. ,Ve go below 
the surface soil with the plow to increase the depth of staple, 
which means the mass of soil from which the crop can draw 
its support. The "depth of staple" of different soils, we know, 
varies between very momentous extremes. The makai and 
mauka lands in localities upon the windward side of Hawaii 
furnish ample illustration, and quite to our purpose. Examples, 
which we need not quote, have taught practical men, by actual 
experience, that whilst deep ploughing is possible, and also good, 
in some lands, there are localities whose soils make shallow 
ploughing, for immediate cropping, a strict necessity. These 
differences leadns to inquire particularly into some of the causes 
of the bad effects npon the immediatc crop from ploughing 
thin soils below the staple, and also to speak of certain good 
results that should follow a gradual deepening of the surface 
soil. 

In all soils we note the passing from surface to subsoil by 
the change in color and degree of friableness. In soils receiv
ing little rain-fall the difference in color is less pronounced, 
which is due to the smaller action of vegetable matter upon 
the iron compounds. Soils that have produced, and are bear
ing, a large growth of grass and weeds the color mark is 
definite, and at a uniform depth, which depends upon the ease 
with which the plant roots have penetrated. Where the sod 
is of old growth, and the rainfall has been copious, the acid 
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action of the decaying roots upon the iron compounds has turned 
the soil almost black. Immediately below the dark surface soil, 
in certain lands, the subsoil is a yellowish red 01' is quite yellow; 
which latter color is due to the action of excess of moisture upon 
the iron compounds. The enormous amount of iron present. 
in our soils causes these distinctions to be very marked: The
color mark is a safe indicator. It states the depth to which 
the roots of the natural growths have been able to penetrate~ 
and at which plant food is in an available state; and we know 
this depth varies with the nature of soils. On some mauka 
lands, it is but a mere skin of two or three inches; on other 
rich soils it descends to as many feet. The soil of the United 
States Government experiment station on the prairie of N ebras
ka was as rich in organic nitrogen at a depth of eighteen inches 
as at the six-inch level. For illlmediate planting, thin soils 
should not be plowed below the color mark, or other signs of 
surface soil depth. This is not because plant food does not 
exist at the lower depth. The analysis of the subsoil differs 
very little from the surface soil. The reason. is, which the 
natural growths have indicated, that the soil constituents are 
not in a state to be used by plants. These constituents may 
be merely insoluble, due to the imperfectly decomposed state 
of the soil; 01' certain of them may be in combinations directly 
injurious to the plant organism, and in such cases plant roots~ 
when they reach a giyen depth, turn up and cleyelop towards 
the surface. ,Ve have seen several prononnced examples of 
such behavior of the cane roots in thin, crnde soils. Of course, 
a very thin shaving of subsoil, when mixed up with the surface 
soil, will not materially injure growth. If, however, the surface 
soil is very thin, the subsoil brought up is proportionately more 
injurious. 

One canse is thus apparent why too deep plowing of thin 
lands is injurious to immediate vegetable growth. The surface 
soil, containing the available plant food, is turned down and 
a raw and, in localities, poisonous soil is brought to the surface 
and largely forms the seed-bed. This subsoil shows itself unable 
to maintain the cane in growth, and in SOllle cases the seed will 
not germinate. 

One other probable effect of sudden deep plowing arises 
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from its action upon nitrification. The nitrifying organisms 
exist chiefly in the upper or surface soil, and their number falls 
off with the depth, until at a certain level no more are found. 
The depth at which these organisms are found, and operate, 
varies with the nature of soils. In deep, friable and porous 
soils, which admit water and air freely, and in which plant 
I'OOts penetrate far and readily, the organisms are found at 
lower depths. It is otherwise with lands covered with a thin 
surface soil, and a crude and impervious subsoil; and upon which 
plant growths root very shallow. It may be found that the 
color mark, which indicates the depth of vegetable decay, is a 
gauge of the depth at which the organisms exist and operate; 
for, as their action is upon the organic matter, their sphere 
will be limited by the depths to which vegetation descends. If 
then, thin soils, having a shallow vegetable growth, and in 
which the nitrifying organisms are located near the surface, 
are suddenly plowed to a great depth, and turned over with 
a wiele, flat fnrrow, it appears probable that these organ
isms, and the Qrganic nitrogen that they are to prepare for the 
use of plants, are turned down to a depth at which the physical 
conditions are not favorable to nitrifying activity. Two ex
amples have come under our personal notice on these islands; 
one of them where a thin soil was plowed by steam far below 
any previous depth, and the other a mauka soil plowed by oxen, 
where the subsoil was turned up and laid upon the furrow of 
surface soil. In the latter case the manager informed us that 
the land had "laid out of use" for several years; and similar 
but less durable effects resulted in the former case. At this 
place we include the opinions placed in :1\11'. Lielgate's hands in 
reply to questions on this sn bject. :Mr. Horner is opposed to 
turning up any new soil for immediate planting. :111'. Forbes 
speaks only of .subsoiling in place, without turning it up, which 
hardly bears upon the present question, and he speaks of good 
results. :1\11'. Geo. Renton and Mr. Lidgate are also in favor 
of sllbsoiling, and hoth think that a little new soil may be 
brought up at plowing with safe results. All these opinions 
have been given with evident care, and they express the great 
need of precaution ill trying to add to the depth of the staple 
in soils that are in constant nse. ,V 0 hol'o hear in mind that, 
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so far, the subject of consideration has been the action of deep 
plowing of thin soils upon theilnlJled'iate C1·Op. Other results 
of deep plowing, under other conditions, with the value of 
deep and subsoil plowing, as indicated by their actions upon 
the physical and chemical state of soils, may be noticed later; 

. but the plan of our investigation is, and will be, confined within 
lines, and to problems, natural to this region, and of special 
bearing upon our needs; and our statements of results will 
indicate specializing amidst conditions determined by location, 
and not necessarily of wide application or concel'll. Our space 
an'd time are insufficient to speak, in general, of what is known 
of soils, of their constituents, and of the living organisms in 
soils which aid in preparing mineral and organic bodies for the 
use of plants. This is done for us by text books and contribu
tions to current literature. 1I10reover, with our crater, at this 
moment tUl'lling out the materials of future soils; with "lava 
flows" of all ages and in all states, from rock surfaces yet with
out vegetation to soils bearing breadths of magnificent cane, 
it is seen that questions appeal to us peculiar to onr location, 
and many of them, in their nature, differing utterly from the 
problems which engross inyestigation in some countries, where 
the soils are of such an age that their origin may be but an 
incidental thought. 

Fallo/dr/I]: One of the questions put in om line of inquiry 
was, "what have been the rclatiye rcs11lts 11]1on lanel not in 
cane, on the one hanel, of letting it lie still anel grass over, and 
plowing a short time before planting; amI on the other hand, 
of fallowing, by breaking 11p and keeping the soil exposed to 
atmospheric action, bearing in mind the climatic conditions 
of the location?" The aclvisabilit~, of treating lands, not under 
crop, by 01le of the two methods expressed in the above ques
t.ion must be determined by the chemical composition and phys
ical state of the soil, ancl by the weather conditions of the 
locality. In the first place, we may hriefly consider the relative 
!lctions of fall()willfl and },(,8t upon soils, and we shall then be 
hettcr able to say where and when we shall fallow ancl uncleI' 
what. conditions the land had better lie still. Breaking up and 

stirring soil and exposing all parts of its lllass to the atmosphere, 

enables the oxygen of the nil' anel the great heat of the sun to 
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act upon the organic matter, which, either by direct oxidation, 
or the provision of conditions conducive to the action of ferment 
organisms in earth, becomes broken up, whereby the insoluble 
nitrogen of albuminoids and humus is converted into ammonia 
and finally into nitric acid, the carbon and hydrogen of the 
organic matter at the same time uniting with the oxygen to . 
form acids and water. This action is most plainly seen upon 
decaying leaves lying in exposnre to the sun, moisture and the 
mI'. The air acts not less potently, though more slowly, 
upon certain of the mineral bodies in soils. Several of the soil 
minerals (we have special reason for selecting iron as an example) 
unite with oxygen in several different proportions, and the 
proportion of oxygen combined with the iron at any given time 
depends upon given conditions, which are causing' the proportion 
to vary more or less. The iron, especially in our thill, raw, 
and badly decomposed soils, is, in large part, combined with a 
low amount of oxygen; but, because of the great avidity of 
iron for oxygen, as soon as the low oxygen iron compound is 
exposed to the air it takes that element to full saturation, and 
can fix no more. I"et this highly oxidized iron however, be 
turned under and hidden from the air, and more especially if 
the soil becomes covered and filled with vegetation, caused by 
excess of rainfall, and it will gradually give up a part of its 
oxygen. Organic matter is a great reducing agent, taking 
oxygen away from metals. Onr method of determining glucose 
in the sugar honse rests on this fact. Glncose sugar is an 
organic body, and when it comes in contact with the copper 
in Fehling's solution it takes part of the oxygen away, leaving 
the metal with a lower amount. \Ve may express the relations 
of iron and organic matter in the soil in an opposite way, and 
say that iron is an OX'Y!/(>JI ('((rrh'1', taking the elemcnt from 
the air and holding it in the soil, until given up gradually in 
oxidation of the organic matter. Iron und other bodies are 
believed to perform the same function in the animal hody; 
taking the free oxygen inhaled and distributing" it by the blood 
circulation thronghont the hody, whcre it comes in contact with 
the orgHllic matter of food and is nsed in its combustion. The 
blood leaves the lungs charged with oxygen, and retnrns from 
the cirenit of the body deprived of the element. In the oxida-
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tion of the organic matter in the soil acids are formed, which 
the iron robbed of its oxygen, seizes greedily. The low iron 
oxyd also unites with mineral acids in the soil, such as sulphuric, 
with which salts are forIlled actually poisonous to plant life. 
These facts control our advices in selecting fertilizers for certai~ 
lands; we hesitate to use sulfates in certain soils, as in given 
localities ,ve exclude chlorides. Eallowing then, is a rapid 
means of conveying ox);gen to the soil; and to soil at a greater 
depth that can be done in plowing for immediate planting, 
because the raw soil brought to the surface undergoes thorough 
oxidation during the long period of exposuro to the ail'. As a 
result, the organic matters arc chaJlgcd into moro soluble forllls; 
the low oxygen iron compounds are broken up, and the iron 
charged with larger amounts of oxygen for futuro 11S0. The 
praotical bonefits arc, a greater depth of soil staple; the soil has 
been filled with combined and freo oxygell and ronderod capahle 
of receiying the ail' moro freely; the earth is sweetened and 
freed from the SOl11'l1es:'; f'fl11sed hy (leea:v of vegetable matter 
in the presence of excess of moisture; the elements reqnired 
by the calle are increased in ayailahle forIll, and by the combined 
action of the ail', sun, and moisture a decomposition of the 
eoarser soil particles is largely obtained.. Against these bene
fits must he placed the dallger of loss of plant food, snch as nitro
gen, by cOllverting the illert soil matters into more soluhlo forIlls. 

Lettillg the land lie still has results relatively the opposite 
of fa llo/cin g. It is therefore, not Jlecessary to particularize 
these resnlts and we call proceed to consider the lands that fal
lowing would benefit, :mcl s11ch as sho11ld lie still when not 
under crop. 

Tho o]Jservatiol1s lllf1(le 11]1011 01ll' soils so far haye caused us to 
consider them under the <Ii \'isions of "lllanka" and "makai," 
and this diyision is 1IOW eOllYelliellt. Generally, the makai 
soils are relatively of (leep staple, which in large measure, is 
clue to the wash of iine earth frolll tho npper lanels. Beca11se 
of the sllIaller rainfall, the makai soils are pOOl' in organic 
matter, alld they aro not SOllr, excopting swamp lands. :Mol'e
over, 0111' obso.rvations, ill the l'I'j)()l't Oil soils, 11pon tho physical 
propGl;ties of the low lands show that their capacity to ahsorb 
and retain moisture is very low, which was shown to he mainly 
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due to the small content of organic matter. Clearly then, 
fallowing would not benefit the makai lands. The mineral 
constituents of the soil are largely made up of the finest earth 
from the upper lands, and are in a better chemical and mechan
ical state; and exposure of the soil to the higher temperatures 
of the low localities would rapidly eat up the organic matter. 
'When not in crop, the makai lands should lie and grass over, 
or be plowed light and planted with s'ome legume if there is 
moisture enough to grow such a crop. ·With the mauka lands 
it is otherwise. The soils are much thinner. The unclersoil 
is raw, less decomposed, and frequently distinctly sour. Our 
observations have shown that these l~nds are full of organic 
matter; and further, that a great excess of organic matter, in 
localities of large rainfall and lower temperature, can injure the 
soil for cane bearing. Such lands, we are persuaded, will be 
more enriched Ly partial fallowing than any other treatment. 
"Ve can break up the thinner soils deeper if they are to be ex
posed for a season without cropping, and thus actually make 
80il, The great excess of organic matter (uuiformly from 0.5 
per cent. to I,D pel' cent. nitrogen) may Le reduced with benefit, 
thus removing sourness and improving the physical state. 
However, a difficulty comes in here; the makai lands coulll be 
fallowed with ease; but the higher lands lvith some difficulty, 
on account of the greater rainfall. In Hilo district probably 
it is impracticable. But the action of the fallowing in the wetter 
districts can be supplemented by the use of quick lime. These 
lands are the poorest in lime, and must have lime to correct the 
sourness which we find, and to meet the current needs of crops. 
Of course, nitrogen and other elements rendered more soluble, 
will be more liable to waste by leaching. ,Yith the deeper 
cultivation however, we are persuaded the loss by surface wash 
will be less. The water will soak through and escape by under
flow, the greater mass of sl1l'face soil holding more firmly than 
were it thin. 'lYe have seen a surface soil, of not more than 
three inches staple, washed clean from a half acre area, and 
the shining subsoil left hare. 

Upon the question of fallol/'in.'! 1/e/'8/1S resting, :NIl'. Lic1gate 
says, "'Ve prefer to plow up and then let the ground lie and 
grass over to be plowed in as a green fertilizer." :Mr. Renton 
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favors "lying still and grassing over to prevent wash." Mr. 
Horne:r says, "plowing up surface soil and four inches of sub
soil and fallowing for a season is good; but plowing eight inches 
and subsoiling six below that, and lying one year is still better." 
:Mr. Forbes says, "between letting land lie still and grass over, 
or otherwise to break up and expose to the atmosphere, I prefer 
the latter where it is practicable." ~Ir. Ewart of Kilauea, 
Kauai, in reply to our proposal that he try an experiment, with 
five acres only, to sec the results of radical fallowing compared 
with lying still upon some thin, ra,v soil, said, "I know the 
fallowing will do good. I have proved it." -\Ve see a notable 
difference of opinion in the statements given. The differences, 
however, can be mainly explained by the differences in soil and 
climate, the effects of which we have already discussed at length. 

Upon the prevention of surface wash by deepening the sur
face soil, although there is some difference of view, the weight 
of opinion agrees that "deeper plowing saves the top soil." 
The practical opinions agree, with one exception, that "constant 
cropping" and movement of the soil injures the mechanical 
state, and "lessens the power of the soil to hold moisture." ,Ve 
have already shown that soils which receive a small rainfall have 
less power to hold water, specially on account of their less content 
of organic matter. ,Ve are persuaded, however, that much of 
the "loss of mechanical state," the tendency to pack which fol
lows COllsta lit c1'ol)1J'in g is due to the need of lime in some form, 
the form of application depending on conditions. ,Ve have 
seen close, heavy, packed land on Kauai utterly changed by 
use of coral sand, and the crop increased by one-third. Some 
soils complained of to us as being in bad working condition, 
we have found to contain more than 0.5 per cent. nitrogen, 
which means an excess of organic matter, but they were nearly 
destitute of lime. One physical action of lime in the soil is to 
gather the minute soil particles into clusters or "aggregates," 
and thus prevent them packing together. Virgin soil, even 
poor in lime, is friable and works easily. The grass roots, like 
trash, In'event packing while they last, but with cropping the 
large particles of vegetahle matter (lisappcar. Lime is of 
imperative value for mechanical as well as chemical reasons. 

Concerning the actual preparation of land for planting, the 
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several opinions agree in the main. The necessity for breaking 
up and turning the soil over clean, at an even depth, and the 
further value of cross-plowing and moving thoroughly the 
mass of soil before the lighter acts prior to furrowing, is recited 
by all. In brief, it is understood that, so far as cultivation 
controls the result, the fate of the crop is decided before it is 
planted; for no acts of light cultivation, most important in 
themselves, can make good the defects of bad plowing, and the 
neglect of thorough cultivation before the furrow plow. And 
this "thorough cultivation," what does it mean but an effort to 
secure the conditions of tillage necessary to fertility which we 
discussed under the head of "fallowing." 

Before proceeding to another snbjeet we shall call attention 
to one other agency whose action npon the mechanical state and 
chemical elements of soils is very note-\vorthy. Earth worms, 
in their actiyity and modes of food getting, pass vast quantities 
of earth actually through their bodies. Darwin, by actual 
weighings of the soil deposited upon the surface of a plat of 
grass of given dimensions, by worms, found that the amount 
was equal to four tons pel' acre pel' anllum. This means that 
all the lime, potash, phosphoric acid, and nitrogen required by 
a crop of cereals passes through the bodies of the worms, and 
thereby undergoes known changes, under the action of organic 
secretions, of g'l'eat value. In the course of examining and 
sampling soils on many parts of these islands, we have been 
struck with the absence of earth wor111S. Upon a large part of 
the makai lands "\\'e have not found one, and even at 1500 feet 
elevation, in a dry district, not one was foul1tl. III the wet 
districts, and on altitudes of moderate rainfall, worms, in varying 
numbers, are found, yet oyer a large area of our deepest soils 
we are without this valuable agency 6f soil preparatioll anu 
fertility. 

P1aI/Nil/,f!: In om inquiries, opinions upon planting were 
not solicite<1. ,Ye allnde to tho subjoC't ollly to eall attelltion 
to speeinl ('ases, alld at a flltul'o time slIall speak of the matter 
in connection with 8('ed sclc(,t iOJ/, . 

Upon thill, raw soils deep flll'l'owing, and laying' of the seed 
upon the subsoil, is followed with most evident bad results. 
Subsoiling along the floor of tIle fnrrow will not relllody the 
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effects if the seed is laid in the dead, sometimes poisonous, soil. 
The seed must be kept up i~ the surface soil. In several 
examples we have seen the cane roots turn right back to the 
surface when coming in contact with the raw subsoil; they won't 
face it. In two test cases, where the seed has been laid more 
shallow, with some inches of good soil below, very noteworthy 
results have followed. 

Again, deep planting, even in deep soils, but where the 
ground water stands near the snrface during the wet season, 
is not satisfactory. On such lands, it is seen that shallow plant
ing, and irrigating later between the rows instead of in the 
row, aids the regular growth of the cane. The root system 
must be kept aboye the stagnant water, or the cane will yellow 
and stop growth. 

Concel'l1ing seed, ,ve shall say no more at this time than to 
guard against the use of that part of the cane very rich in 
sugar. To ayoid mistake, we explain that it is not a cane of 
high sng'lll' cOlltent that is olJjeded to, bnt the sections. of the 
cane which contain a maximmll of sngar alld a minimnm of 
otller constitnents. The general practice, with but few excep
tions, of plantillg tops of matming' calle is scientifical1y, and 
has lJeen fmmd to be praetically, correct, and to be advised. 
Some errors have followed from comparing the cane to seeds 
havillg a single germ, with the snpply of rcsel'Ye food, of a 
composition snited to its needs, around it. Each joint of the 
cane, 11o\\,eyer, contaills a germ, but each joint and section of 
t11e cane differs in composition from the others, and the qnestion 
is, ,Vhieh sed ion or part of the cane is composed of the constit
uents necessary to the germ in the best proportions to aid its 
growth? Scientifically and pnwtical1y, the reply is, the tops 
of nlfltlll'illg' cane, or the lower parts of yOllllg calle, where is 
fonnd a wc11 halan('cci relation bctween mineral and organic 
constitllCnts, and 110 exc'css of bo(lies, like sngal', extremely 
liable to rapid fermentation. 

NtriP1JiIlY: The <]llcstion proposcd bearing 011 this subject 
was, "\\'llflt are the C'omlitions which drtrrmi;le the ndvisability 
of stripping', espe('ially bearing ill mind the lo(:nlit,Y and climatic 
c0'll!litiollS?" The rcmoval of the dead !cayes fro111 the calle 
aids ill preventing the attaeks of parasites, slleh as the borer and 
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aphis, these pests lodging under the dead sheathes, which col
lect and retain moisture. Stripping off the dry trash also lets 
in the ail' and sun. These and other effects of stripping, and 
the value that may result from them, depend largely upon 
conditions of location and weather. In swamp lands, where 
the cane is rank and over-saturated by ground water, and ill 
districts of heavy rainfall, it is clear that the dead and decaying 
leaves should be rigidly taken from the cane in order that the 
air and sun be admitted. In other localities, ·with smaller rain
fall, or where moisture is taken up by careful irrigation, strip
ping is not as necessary, and under given conditions of climate 
it may not have any perceptible value. Again, there are sitna
tions of very small rainfall, and where the water for irrigation 
is very limited, and where a high temperature, with constant 
and strong winds prevail, in ·which the dry trash is a protection 
to the cane, and its removal might result in damage. The 
sugar in some plant juices is sensitive to drouth and intense heat. 
"Yhilst in charge of the United States Government Sugar Beet 
Experiment Station, in Nebraska, we distinctly noted a decom
position of sucrose in the juice under the action of drouth and 
high temperat11l'e, although the beets were deep in the ground. 
Experiments to note the action of direct sunlight and great heat 

. upon the beets when exposed to the air were made, and the 
remarkable result was observed that, in 72 hours, 29.5 per cent. 
of the total sugar in 200 beets experimented with, was destroyed. 
"Vhen, in a further experiment, water was given to the beets 
in the ground, and the temperature of the soil was thus reduced, 

the loss of sugar not only stopped, an increase immediately 
began. These observations are worth bearing in mind in rela
tion to stripping; although the cane, as a result of its mode of 
growth, cannot be strictly compared with the beet, which is an 
earth root, and forms its sugar in the ground. "Ye shall safely 
avoid any extreme statement in saying that the dead leaves 

may be an actual protection to the cane in dry, hot, and windy 
locations. Stripping is very much a local question, and its 
necessity and yalue m'e controlled by local conditions. For this 
reason a very great diversity of opinion, and some contention, 
are expressed upon the subject. It is evident, however, tJw,t 
each of these opinions may be right in its location, and that 110 
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one opinion can cover the whole ground. On low, wet land, 
managers say, "if we don't strip thoroughly the cane will not 
ripen, and much will rot as it lies." In :Makaweli, lvIr. }.IIol'rison 
has shown by experiment that stripping has no apparent value 
in that location. On Spreckelsville, where the high winds, 
heated by the hot sands, sweep across the isthmus, we advised 
against. stripping certain tracts of cane. :Mr. VV olters and :Mr. 
Forbes give examples showing the necessity of stripping as a 
protection against the borer, which had caused a loss of above 
a ton of sngar per acre in given fields. In fact, :NIl'. Forbes 
states a loss upon a small area from the borer far in excess of 
the average yield of sugar per acre in Louisiana, arid :Mr. Hans 
Isenberg authorizes the statement that the loss on the Lihue 
plantation from the borer last year was one-eighth of the total 
crop. In these conditions stripping is a vital necessity; and by 
means of it not only are the ravages lessened, better cane is 
produced, which is claimed to reach matlll'ity several weeks 
earlier. If the maturity is actnally hastened by stripping, it is 
then specially a(lYisable to give particular attention to the part 
of the crop that is to be taken off first. 

1\11'. Lidgate, and the authorities that he quotes, are all in 
favor of "stripping at least once." lIIr. Renton thinks, "where 
the rainfall reaches 60 inches, cane of fonr tons should be 
stripped once at least." Mr. Forbes speaks more strongly, by 
reason of the example already quoted. 

There are two results in connection with stripping to be 
gnarded against, viz: "oDer 8trippillg, and the lodging of the 
trash around the bottom of the cane." Removal of working 
leaves, which are still tight to the cane, has been shown to cause 
a notable loss of sugar. As a result of dropping the wet trash 
around the cane, instead of piling it carefully, between the rows, 
we have seen the cane "rooted" two feet up the sticks. In one 
case, the manager spoke of a loss of not less than a ton of sugar 
per acre from this cause in a crop of heavy cane on a low lying 
field which had been stripped late and hurriedly. All these 
facts show that we are dealing with a matter of very practical 
moment. 

The t1'(18h: What shall be done with it? This question 
essentially makes us return to the division of mauka and makai 
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lands. The former are rich, the latter are poor, in organic 
matter, and trash is largely organic matter. In consideration 
alone of the action of organic matter upon the mechanical state 
of soils, and their physical properties, it is seen that the burying 
of trash in the makai soils should be of particlar value; but 
that in mauka lands, having extremes of high land character" 
istics, the addition of organic matter may actually aggravate 
existing troubles. The wet, S0111' condition would be made 
worse. On this point, ~Ir. Lidgate says, "in dry seasons, we 
haye had decided benefit from plowing in trash." iiiI'. Forbes 
says, "In a season of drought great benefit is derived from bury
ing trash." }'Ir. Horner expresses about the same, showing the 
opinion that the question rests npon the organic matter in the 
soil and the rainfall which causes it. In given locations b1ll'ying 
of the trash is imperative, like stripping, as a protection against 
the borer. In these locations no gains from plowing in trash 
are a set off against the danger of destruction from doing so. 
In other places the parasite dangers are small. Mr. Renton 
says, "if plo"wing in trash were not so expensive, I would risk the 
insects." From the chemical standpoint, the yalue of trash as 
fertilizer is less than its yalue for other p1ll'poses. At Makaweli, 
where the requirements of fuel are great, due to diffusion, Mr. 
lIol'l'ison collects and uses the trash as fuel. Chemically, he 
is strictly justified in this. At the .J avn Experiment Station, 
tests were made to determine the relatiye yalues of trash as fuel 
and fert.ilizer. The results fonnd show that the yalue of the 
fertilizing clements in 100 lbs. of trash does not exceed one cent; 
that the fllel valne, compared "with coal at $'1.00 per ton, is ten 
cents. Bllt if coal costs $8.00 pel' ton, then the fnel yallle of 
the trash is don hIed. The disposal of the trash is then, also 
a local and economic qllestion, and llI11st be determined by the 
conditions obtaining in each sitlwtion. 

This report has not attempted to coyer the llIass of qllestions 
emuraeed nnder the head of "Cultivation." Its ('onsideratiollS, 
althOllgh general in regard to prillciples, are appliell mainly to 
examples of lands that present the greatest difficulties in cultiva
tion; and to practices that are essentially controlled by dissimilar 
conditions in ditIC'rent localities. For the discllssion of other 
qllcstiolls t.hat must come uncleI' consideration, lllore actnul ex
perimental data are required. 
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REPORT ON FERTILIZATION. 

By W ALTER MAXWELL, DIRECTOR HAW AllAN EXPERIMENT 

STATION AND LABORATORIES. 
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To the Trustees and :Members of the Hawaiian Sugar Planters' 
Association: 

Gentlemen:-The Committee appointed by the President to 
act with the Director in the matter of fertilization were H. 
I\forrison, G. F. Renton, E. IL Bull and D. Center; each of 
these gentlemen representing the island of his location. 

The general observations found in the opening of last year's 
report on fertilization may now be omitted, since the present 
report isa continued statement of work commenced in 1895. 
,Ve therefore can proceed at once to actual considerations. 

NITROGEN-In the report on soils of last year, covering 
the Islands of Oahu, l\Iaui and Kauai, the analyses recorded 
showed that the nitrogen content was 0.26 per cent. The 
makai soils Included in those examinations gave an average of 
0.176 per cent., whilst the mallka samples contained a mean of 
0.451 per cent. of nitrogen. The reco~·cl of some fifty analyses 
of soils from the Island of Hawaii, stated in this year's report 
on soils, shows the nitrogen content to be 0.540 per cent, or 
rather more than double the amount found in the soils of the 
other three islands. It is also seen that the variations in the nitro
gen content of the soils of Hawaii ('onforl1l to the same variations 
produced by climatic conditions which were shown to control 
the differences in the nitrogen contents of the mauka and makai 
lands of the other three islands. 

The average nitrogen content of the fom islands IS high; 
of Hawaii it is very great; and particularly when we compare 
with soils which are in a good state of fertility to grow sugar 
beets, but whose nitrogen content does not exceed 0.2 per cent. 

In the soil report of last year it is stated, and supported by 
data, that the high lands, notwithstanding their high content 
of nitrogen, are notably less productive than the lower lands, 
and become rapidly non-fertile. That observation, confirmed 



526 THlB PLANTERtl' illONTHLY. l VOL. XV 

by other observations, and by actual tests, led us, even in view 
of the large nitrogen content of our soils, to say that "the 
crying want is nitrogen," and that "50 pounds of nitrogen given 
to the soil in an available form is of more moment to the grow
ing crop than the 17,000 pounds of organic nitrogen lying inert 
in each acre of land." These were strong, possibly bold state
ments, and required to be tested by trials and results. So far 
as analyses were available of fertilizers that had been used 
upon these islands, it was found that the composition ran in 
general about as follows: 15 per cent. phosphoric acid; 5 pel' 
cent. to 12 pel' cent. of potash; and from 2 per cent. to 3 per cent. 
of nitrogen. If our view was correct concerning the predom
inant want of our soils, and the particular need of the cane 
crop, it was clear that fertilizers of the composition stated did 
not meet those needs, and there was little economy in their use. 

The formula most generally advised by our Bureau for the 
preparation of fertilizers requires: 8 per cent. phosphoric acid, 
soluble in water, 6 per cent. nitrogen, and variable proportions 
of potash as suggested by individual soils. The forms in which 
the nitrogen and potash are being used will be discussed in 
another place. 

Fertilizers, according to our formula given, or modifications 
of it, were used last year upon cane which will soon be taken 
off. U pOll this year's plant, and on rattoons, these fertilizers 
are being more generally used, and over all the islands. The 
results of our modes of fertilizing are of immense economic 
moment, and of peculiar interest to this Bureau, and the Direct
or has given great care, in the course of his visits to plantations 
on the several islands, in observing the action of the fertilizers 
used, and has moreover, through the gentlemen of the Com
mittee, received statements from many of the managers of plan
tations giving their practical opinions and findings in the matter. 

,Ye, personally, after noting the action of given fertilizers in 
the field, and upon a scale covering areas upon all the islands, 
find our statements of last year amply confirmed; and arc now 
without doubt that nitrogen is the particular need of the cane 
crop over practically the whole of onr soils; and moreover, that 
the form in which the nitrogen, phosphoric acid, and potash 
contained in the fertilizers arc present, meaning the measure of 
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their solubility, very largely determines the values of fertilizers 
in our several kinds of soils, and under the dissimilar weather 
conditions. 

At this place statements received by the Oommittee may be 
given: from Kauai, Mr. Morrison furnishes the following state
ments, adding "they may be specially valuable in that they cover 
the very dry and the wettest districts of Kauai." From Kilauea, 
Mr. Ewart reports, "until recently, most of the stuff used has 
been bone meal, and with us no apparent resul~s. In fact I 
do not consider that one penny of value was derived from those 
fertilizers." He further observes, "the greatest results have 
been obtained from a fertilizer containing D per cent of am
monia," and then adds, in answer to one of the series of ques
tions, that "nitrate of soda, during a wet season, showed no re
sults." From Kealia, JIIIr. Fairchild states, "ammonia is what we 
need, but it must not be too soluble for our mauka lands." This 
statement was repeated verbally to us by Mr. "VoItel's of Lihue. 
Mr. Oropp, of Koloa, who 'has given much thought to fertiliza
tion, not only is sure of the particular need of nitrogen, but 
has confirmed our personal opinion that a certain diseased con
dition of some young cane last spring was mainly due to the 
dearth of available nitrogen. Messrs. l\ieier and Kruse of 
Kekaha, report excellent results from nitrate of soda and sul
fate of ammonia. JIIIr. Oonant says, that "a fertilizer containing 
5 per cent. nitrogen as sulfate of ammonia is showing splendid 
results," but that "nitrate of soda has varied in its results, in 
one case followed by a heavy rain it did little good." In a 
letter addressed to the Director, Mr. Faye of :Mana, says, "we 
have had most excellent results from using a fertilizer prepared 
according to your formula. The cane we applied it to last 
year recovered at once from its sickly appearance, and is now 
some of the best cane we have on the plantation." From 
l\1aui, Mr. D. Oenter writes from Spreckelsville, "we have used 
different fertilizers and not always with satisfactory results. 
Bone meal, at no time, has ever shown any marked (·hange in 
appearance or in the growth of the cane. 'Ve applied bone 
meal to one half of a 1000-acre tract, and the results wonld 
have been disastrons had nothing more have been given. Upon 
the other half of the tract fertilizer, prepared by your formula, 
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was used, when the change, in the cane was readily seen after 
the third irrigation. From that time it assumed a dark green 
and vigorous appearance, which it has retained up to the present 
time, excepting on a few places where the soil is very poor. 
To these places I gave a further dose and they are again taking 
on the green and strong appearance. Upon the portion where 
the bone meal had not shown any results after several weeks, I 
added some of your formula fertilizer which was left over. Its 
action \vas precisely the same as on the other half of the field, 
and in three w'eeks the cane had lost its yellow appearance, and 
although it was too late in being applied, the stick being well 
formed, the results have been satisfactory." From Hawaii, 1ir. 
G. F. Renton f1ll'nishes a number of statements. 1ir. J. Hind 
says, "as a rule the selection of fertilizer has been left to the 
manufacturer, but the result showed no particular gain." He 
remarks further, "bone meal showed no gain either on plant 
or rattoons, but large applications of stable mannre and press 
cake have given noticeable results." , 111'. G. F. Renton, Sen., 
says our best results were obtained with a mixture of 6 per cent. 
nitrogen, 10 per cent. phosphoric acid, and 5 per cent. potash. 
Some land fertilized "with a mixture of stable manure and press 
cake, 14 tons per acre, the cane does not look so well as where 
the ammonia fertilizer was used." From Niulii, :1Ir. Hall says, 
"a fertilizer containing 2 per cent. of nitrogen was not encolll'
aging." Mr. .Forbes obsenes, "although we haye not used 
nitrogen alone, the nse of fertilizers containing G per cent. of 
nitrogen show results visible eyen to the casual obs81'\'er." 111'. 
Watts remarks, "in a elry seaSOll no fertilizer docs ns any good 
but nitrate of soda, or sulfate of ammonia." ~Ir. Lidgate 
states, "I hnye had splendid results from the direct use of 
nitrate of soda in one of our dry seasons. I applied 600 pounds 
in two doses." He states further, "we have had very poor 
results from bone meal." :Mr. G. F. Renton, the Oommittee 
representative for Hawaii, in a11swer to the qnestion in our 
series, "\Vhat results haye been observed from the nse of 
ammonia only or of fertilizers rich in nitrogen?" says, "a deep 
green colored cane, with broad leaf, and a rapid growth. The 
cane not having been ground from the fiel.d where the fertilizer 
containing G per cent. of nitrogen was applied, I cannot say 
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more than the above." JHr. Renton furnishes certain actual 
data showing the results of fertilizing which will be given later. 
]\Ill'. Bull, the Oommittee member for Oahu, says, "of fertilizers 
used for our growing plant cane I have found the best results 
from those rich in nitrogen." :WIr. Bull, however, does not 
report favorably upon the results of experiments made with 
fertilizers generally upon the Heeia soils. 

The statements that have been given appear, without ex
cepticm, to support the claim we have made concernillg the vital 
need of nitrogen for cane upon all of our soils. The exceptions 
such as are found in low, swamp lands, or in rich soils just 
brought under cultivation, in no wise controvert our claim. 
These virgin soils, after having fUl'nished one or two crops, will 
be found in the same condition of need. 

FORH OF APPLIOATION.-In our report on fertilization 
last ;year the conditions were discussed which control the form 
in which nitrogen is most advisedly applied in definite locations. 
Examples were given stating sitnations where it is strictly 
inadvisable to use nitrogen as nitrate of soda, and other examples 
where that very soluble salt was the saving and making of the 
crop. Further we stated onr belief "that nitrogen in sulfate 
of ammonia has a higher valne per pound than nitrogen in 
any other form for the cane on these islands." "\Ye maintain 
that statement now, in the sense that sulfate of ammonia is a 
form of nitrogen most unquestionably best adapted for covering 
the greatest diversity of cOl)ditions. Its solubility in water 
gives it a large measure of the acti"e property of the nitrate, 
while its behavior in relation to the soil is a protection against 
waste by leaching in moderate climatic conditions, analogous 
to the properties of organic nitrogen fertilizers. The testi
monies that we have recorded from numerous plantation man
agers concur in giving to sulfate of ammonia a very high value, 
which they also accord to nitrate of soda in very dry situations. 
We must bear in mind, however, that ammonia sulfate has just 
recently come into use with us, and we have had difficulty in 
securing its use by reason of the greater price of the nitrogen 
per pound. Notwithstanding our personal belief in sulfate of 
ammonia as a nitrogen compound havillg the maximum value 
for general use, the further study of our soils, and of the climatic 
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conditions which control their mechanical state and physical 
properties, cause us to believe that proportions of soluble 01' 

crystalline nitrogen, and of less soluble, organic nitrogen, added 
together, may have a value not yet set forth. In our report on 
soils it is shown that our makai lands are generally poor in 
·organic matter, and as a result of this poverty these lands have 
a small capacity to absorb and retain moisture. The crystalline 
salts of nitrogen exercise no permanent action upon the physical 
properties, unless it should finally be proved that nitrate of soda 
does operate inimically in this respect. Organic nitrogen 
fertilizers contain much organic matter in addition to the nitro
genous constituents, and this organic matter, not only can aid 
in holding moisture before the fertilizer becomes decomposed; 
certain of its decomposition products can furnish permanent 
additions of organic matter to the soil. If humus is one form 
of these "permanent additions," we have then to admit that 
some portion of the organic nitrogen has not been used by the 
cane for there is no formation of humus without nitrogen. In 
our report on fertilization last year we gave reasons for stating 
that probably a small portion of the nitrogen of all organic 
fertilizers is permanently added to the stock of organic matter 
in the soil. Therefore, for our low lands, of smallest rainfall, 
we are advising, very generally, that the nitrogen shall be 
supplied in the several forms of nitrate, sulfate of ammonia, 
and of fish scrap 01' dried blood, strictly requiring that the fish 
scrap shall be free from excess of fats. In special situations 
and for special reasons nitrate of soda or sulfate of ammonia 
are advised alone. Organic nitrogen alone on our low lands, 
with meagre water supply, causes it loss by reason of its slow 
action. A notable example of this kind was observed at 
Spreckelsville. Fish scrap was added to a portion of a field 
of cane, and is now working well. It, however" was six weeks 
before any activity was seen, and that slowness to act lost the 
cane one month of growth in the most active part of the growing 
season, in comparison with the result of sulfate of ammonia and 
a little nitrate npon another part of the field, where the cane, 
after ten days, felt the action of the nitrate, and the ammonia 
sulfate has maintained the growth up to the present time. 

On our mauka lands, whose soils are frequently in a very 
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granular and porous state, and where the rainfall is very notably 
greater than on the low lands, we have to be guided by other 
considerations than thqse expressed in relation to the makal 
lands. The high lands are full of organic matter, and of 
organic nitrogen; therefore organic fertilizers are not needed 
for physical reasons. The open state of some of the upper 
lands, and the greater rainfall, place nitrate of soda out of 
question; and examples are known where sulfate of ammonia 
has disappeared too rapidly. For these lands sulfate of am
monia is advised to start the growth, but the bulk of the nitrogen 

is more safely supplied as fish scrap or dried blood. In extreme
ly wet locations, like Hilo, sulfate of ammonia has recorded 
some examples of excellent results. On the other hand, when 
the application was suddenly followed by a deluging rain, no 
results were seen, and these examples cause us to advise that the 
sulfate of ammonia shall be supplemented by organic nitrogen. 
Under such rains as we witnessed in Hilo, no newly applied 
fertilizer of any kind can escape waste. Even the soil itself 
is carried away in quantities which redden the ocean. As 
already remarked, the form in which the nitrogen shall be sup

plied is largely controlled by the soil and the climatic conditions. 
'vVe have given reasons, however, showing why better results 
may he obtained from the use, in mixture, of mineral and or
ganic nitrogen, both on the lower and upper lands. 

NITRIFIOATION.-Some examples have come under our 
notice of the apparent failure of sulfate of ammonia to give 
results. The conditions are sucb that the salt could not have 
been lost by heavy rains in the locations in question. :Mr. 
Lowrie reports from Ewa that he has not found the results 
from sulfate of ammonia that have heen uniformly given by 
nitrate of soda. He, however, wishes to make further trials 
before speaking definitely. 

The Ewa plantation has heen but a short time under cultiva
tion; previous to which its lands had lain in a state of barren
ness, due to the small rainfall and the lee-side temperatures. 
For successive months those soils were totally devoid of moisture, 
no rain falling and the sun burning without interruption. 
Under these conditions it is quite sure that the ferment organ
isms wllich comlnct nitrification in the soil conld not s11l'vive, 
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and the small vegetable production furnished but little nitrogen 
to nitrify. In examinations to be undertaken it may be found 
that those soils are still poor in the requisite soil organisms, 
which is not only suggested by the excellent results following 
the use of nitrate, and the apparent inactivity of ammonia, but 
also by the ample benefits derived from stable manure, which 
doubtless is seeded with the organisms necessary to nitrification. 
If our examinations should reveal the absence of the active fer
ments, then experiments in inoculation with pure cultures of 
bacteria, to be obtained from Lucius & Bruning, Germany, 
will be made. In relation to the examples noted the factor of 
acidity of the soil, 01' other conditions unfavorable to the action 
of the soil bacteria, do not ohtain. Some small areas may be 
actually alkaline, due to the presence of coral two feet below the 
smface. 

Ooncerning the conditions chemical which control the activi
ties of the bacteria capable of causing llitrif-i(·:::tion, we are per
suaded that the views set forth today, nnc1el' great accentuation, 
are inadequate and partly erroneous, which luay be due to the 
concentration of research to a small series of domestic plants, and 
to drawing general conclnsions from data obtailled from thc ob
selTation of a few spccinl examples. That this is actually the case 
it is only necessary to withdraw our notice from\solated exam· 
pIes aud consider the Inxnriance of vegctable production, amid 
extremes of chemical conditions, co\-erilig the whole of the plant 
kingdom. Recelltly, in connection with a study of the causes 
of the rapid decomposition of la.-as, data have heen ohtained 
bearing npon the relative acidity of the juices 01' saps of different 
orders of plants, and their action in roek decomposition. An 

examplc is takcn of the analysis of some ferns (Felicinea) whose 
place in botanical order is located almost midway between the 
lowcst lmd highest types of vcgctable life. The acidity of these 
fcrn juices was found to be some five timcs grcater than the 
normal acidity of sugar cane juice. During growth, the ex
tremely acid juices of thesc plallts act most potcntly upon the 
millcral hodics forming the medium whcre they grow. "When 
thesc plants dic and decay this great acidity is given to the soil, 
and the soils from which we ohtained ferns for examination 

wcrc so acid as to turn litnnis paper instantly red. :Moreover 
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the water accumulated in these soils gave a very acid reaction. 
This great acidity of fern juices, and their action upon rocks 
and lavas, has led us to place the fern amongst the most potent 
of soil l1utkc1·S. In the report on soils we state that "the fern 
is already heginning to take possession of the lava flow near 
,Yaikea, which is only fifteen years old." 

No plant organism is formed, however, without the aid of· 
nitrogen. In the ferns examined by us the nitrogen content of 
the green leaf was 0.459 per cent., and of the green stem 0.068 
per cent., while the analysis of sugar cane, including the leaves, 
gave 0.14 per cent. of nitrogen. Tbese data indicate that one 
of two theories bellI ly authorities on the sulject of plant 
growth must be untenahle; the data show that hacteria exist 
in the soil which are a11e to condnct nitrification in highly 
acid media, or that plants are capalle of taking up nitrogen in 
a non-nitrified form. 

If we carry our considerations back to an earlier geological 
time, to a period when, as set forth hy the characteristics of the 
carhoniferous age, the vegetable kingdom 'Nas more exclusively 
possessed by what we today call the lower orders of plants, we 
hecome more adequately aware of the ability of plant life to 
exist in snch extremes of chemical conditions. During that 
age, geologicalt'records indicate that vegetation existed with 
a measure of luxuriance that has not heen conceived of since; 
and yet the soil and water media are properly supposed to have 
been marked by extremely acid conditions. 

,Ye therefore, are persuaded that hacteria exist in soils certain 
of which are most actiye in slightl,v alkaline, others in slightly 
acid, and finally others in highly acid media. In illustration 
of this persuasion we may leave for a while the subject of soils, 
and consider the beh:1Yior of known ferment organisms in solu
tions of organic bodies. ,Ye have recently repeated a number 
of observations upon the conditions affecting the fermentation 
of the juice of the sugar cane. ,Ye have noted that whilst 
a small addition of lime retards (possihly prevents) the action 
of the acetic ferment, it induces and accelerates the action of 
certain of the bacteria which produce butyric acid. An addi
tion of lime to strong alkalinity preserved these juices from all 
bacterial action fo!' three weeks. .Again, when the nor~al cane 



534 THE PLANTERS' MONTHLY. [VOL. XV 

juices were examined they were faintly acid, and contained 
18.5 per cent. of sugar. The following day the polariscope 
showed that one of these per cent. of sugar had disappeared, and 
the juice was so acid as to turn blue litmus paper instantly red. 
This greatly increased acidity however, did not retard the action 
of the living organisms, and after 72 hours the polariscope 

. showed that only 2 per cent. of the sugar was still present, and 
the fermentation progressed until not a trace of cane sugar was 
left. 

The data that have been furnished do appear to urge us to 
move more slowly, and to extend our observations over the 
broad field of Nature's operations, and not to base conclusions, 
including the sphere of action of general laws, upon selected 
facts relating to the behavior of a small group of domesticated 
plants, even if these facts shall be found true in the whole. 
The error in this case, as it appears to us, resembles the error 
involved by the sweeping conclusions concerning the power to 
assimilate nitrogen from tIle air being limited to a small group of 
plants, the legllminosae being almost solely accredited with this 
function. In our report last year we gave briefly some reasons 
for supposing that this power is shared probably by all vegeta
tion, and particularly by the graminae. The misfortune is that 
our most delicate methods of quantitative testS'fare inadequate 
to actually observe and determine the finer processes by which 
N atme is moving. In illustration of this we take an example 
from our own pl'actice. 'Ye giYe, on the average, 50 pounds of 
nitrogen to an acre of cane, and find that this amount is enough 
to aid in its production. Fifty pounds however, is so small 
when compared with an acre of om soil (4,000,000 Ibs.) to the 
depth of one foot, to which we take the sample, that our methods 
of analysis could not determine it with accuracy were it even 
ten times as much. Then, if we are unable to quantatively 
detect an addition of 50 pounds, or duplicates of that amount, 
when applied artificially, how can we say, with any idea of 
accmaey, what N atnre is doing? These considerations cause 

us to look beyond, as well as to the laboratory, and to endeavor 
to observe the results' of the slow acting processes of nature, 
covering adequate lengths of time, in order to approach con
clusions' which, in all snch instances, as we have llamed, onr 
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laboratory efforts do not appear able to attain. Our purpose 
is not only to note what can be done in the laboratory, but to 
actually observe what Nature is doing abroad. 

PHOSPHORIO AOID.-We have already shown that most 
of our soils, especially on Hawaii, are rich in phosphoric acid. 
This richness, however, indicates the unavailable condition of 
the acid. There are soils in Hilo district, where the rainfall is 
over 150 inches per annum, that still contain three-fourths 
of one per cent. of phosphoric acid, which is most securely 
locked up by the iron and other known bodies. We have very 
chiefly to disregard the presence of the phosphoric acid in the 
soil in our fertilization. It may be said that there is phosphoric 
acid and potash enough in our soils for indefinite time to come. 
The same might as truly be said of the nitrogen; but we know 
that the nitrogen is so extremely unavailable that the cane is dy
ing for the need of that element. ~Ioreover it is specially import
ant to bear in mind that the nitrogen which we add to the soil 
at great cost cannot render its best service unless soluble and 
available potash and phosphoric acid are close at hand for con
current action with the nitrogen. Therefore to soils even rich 
in those two bodies it is imperative to add more for the imme
diate use of the cane. 

Ooncerningthe form i.n which phosphoric acid shall be ap
plied, we are yet more persuaded that in most locations on 
the islands, it is poor economy to apply bone meal. Jl.Iost of 
the teptimonies from managers snpport us in this respect. Yet, 
in very wet districts, and especially upon porous mauka soils, 
with copious rainfall, fine bone meal, rich in nitrogen, is giving 
appreciable results. 

Super-phosphates, prepared from bone and other advisable 
materials, are what we are generally advising. vVe cannot see 
the economy of adding more insoluble phosphates to soils already 
full of those bodies. 

In the purchase of super-phosphates, we must call attention 
to the necessity of knowing from what raw materials they are 
prepared. "\Ve have before us just now the analysis of a so· 
called snper-phosphate, said to have been "strictly prepared from 
bone." This material was found to contain from !) per cent. 
to 10 pel' cent. of iron and alumina, thus showing that it was noj 
bone phosphate at all, but a crude preparation from minera; 
phosphates such as our soils are full of. 
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POTASH.-In addition to more general remarks on the re
quirements of potash made in last year's report, we called atten
tion to the need of discriminating between the forms in which 
potash salts are applied. ,Ve gave some data showing the rela
tion of the presence of large amounts of sea-salt in the soil to the 
salt present in the cane juice. 'V' e have obtained some further 
~ata bearing upon this question, which are of practical concern 
upon certain of our low lands lying' close to the sea level. IN e 
give a table showing the relati,'e amounts of chlorine and salt 
found in the juices of high land and 10'1' land canes: 

Location. Soils. Chlorine. Rnlt. COllllitiOIl of Cane. 
High lawl. 1 0.(137 per cent. o OG1 pei' cellt. Normal. 

2 0.038 O.llGa 
" 3 0.030 " O.Oi)1I .. 4 0.036 " 0.0;3f) 

Low land. 5 0078 " 0.12f) Gl'Owth slow, yellow. 
6 0.07f) " O.lHO .. Sickly advancell cane. 
7 0.09,1, 0.155 Normal; rich ill nitrogen. 
8 0110 " 0.181 Yellow; pOOl'illllitrogen 

" 9 0.110 0.11'1 Yellow; poor iIi nitrogen. 
10 0.280 " OAGO " Small and stnH ted. 

" 11 O.Wi " 0.8:-32 Leaves white allli dying. 
Sea bluff .. 12 0.135 0.22H Hmall and bleached. 

These data, and other data showing the relative proportions 
()f other constituents of cane juices, were obtained in connection 
with the pathological examination of canes whose several ap
pearances of sickness appeared clue to different causes. Some 
samples of healthy calle were examined for use of comparison and 
the juices of certain of these contained a decidedly high amount 
of chlorine, and yet these canes were in a normal state of growth. 
In these cases, however, a high content of nitrogen was found 
in the juice. Upon the physiological significance of the rela
tions of nitrogen to chlorine and other clements, we are not, 
at present, able to speak. 

One more example may be given showing the facility of the 
cane to take up salt immoderately, and its sensitivelless to that 
hody. ,Yhen visiting the :Malia plantation, 11:r. Faye took us to 
examine a field of young plant cane which was divided into 
two parts by a ditch. The slIlall part on one side of the ditch 
was irrigated with very brackish water, whilst the larger part 
of the field received very much sweeter water; the cane receiv
ing the sweeter water was, at that elate, in a normal state of color 
and growth; hut the cane getting the more salt water was gray 



Nov .. 1896.] TH}J; PLANTERS' MONTLHY. 537 

and dead in color, and the leaves we're steeley, standing like 
spears, and the blades partially rolled up. \"11( e asked Mr. Faye 
to send samples of the waters, and also of the canes in order that 
the salt in each could be observed. The following data were 
found: 

Water. Chlorine in Water. Chlorine in Juice. Salt in Juice. 

Highly urackish.. 0.137 per cent. 0.433 per cent. 0.714 per cent. 
Slightly urackish. 0.077 per cent. 0.285 per (·.ent. 0.470 per cent. 

The land upon which these canes are growing lies low, and 
contains.mnch more than an average amount of salt. 

The data given snpport further our statements in last year's 
report bearing upon the use of mnriates upon lands already over
charged with chlorides of sodium and magnesium. They indi
cate that the elements, which form com111on salt should not be 
put together in fertilizer mixt11l'es. for the low lands border
ing on the sea, and for such reason, we are advising sulfate, and 
not muriate, in those locations. 

IXME.-This element is indispensable in the soil; it is prob
ably more active than any other element in promoting the chem
ical processes by which the soil furnishes the mineral constitu
ents of plant growth. In last year's report, notice was taken 
of the lime content of the soils of Oahu, l\£aui, and Kauai. Our 
present remarks are induced mainly by what we have found to 
be the lime contents of the soils of Hawaii. Certain of the 
upper lands in the Kohala district are extremely poor in lime; 
and, so far as our analyses have gone, in the district of Hamakua, 
and more emphatically that of Hilo, many tracts of land are 
almost destitute of lime; sample after sample show only from 
0.05 per cent. to 0.1 per cent.; and this residue is essentially 
present in complicated and nnaYail::tble forms, otherwise the 
great r[linf[lll of the Hilo district wonld certainly have leached 
it out. vYe are persuaded that the best results possible will 
not follow either cultivation or fertilization without the aid of 
applied lime in an active form. The great rainfall makes it 
almost impossible to prepare the land by frequent plowings, and 
exposure to the ail' and S11n, which are possible in drier dist.ricts, 
and certain of the valucs obtained in these drier districts by 
atmospheric exposure, can only be reached, in wet districts, by 
chemical agencies. Canstic or quick lime is the most potent 
chemical agent. :11oreover, the al'gnments that have been used 
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against the use of caustic lime on our makai lands in the dl'ier 
districts, where the organic matter in the soil is very low, do not 
apply in the wet districts, and specifically in the Hilo district, 
where the organic matter in the soil is extremely high, which 
is shown by the average nitrogen content of samples analyzed, 
these giving a mean of three-fourths of one per cent. of nitro
gen. The soils of this district also usually re-act acid. In 
riding over the plantation of Papaikou with lVIr. Goodale, he 
called our attention to small areas of land, where he said certain 
ferns had grown and decayed, and "where cane would not grow." 
In alighting from the horse, and applying litmus paper, the 
acidity was enough to turn the paper quickly red. Upon a 
breadth of land in a field near by, our attention was called to 
the excellence of the cane; whereupon ]\111'. Goodale observed 
that that particular piece of land was limed three years ago. 
We are persuaded that lime is required upon the lands in those 
districts, in order to furnish the plant with its actual require
ments of lime; to neutralize the strong acidity of the soil in 
special localities ; and to promote the chemical processes by which 
other elements become available for plant growth. 

NATURAL FERTILIZERS.-It is hardly necessary to 
dwell upon the value of farm made manures; not only because 
attention was called to this matter in the report of last year, but 
for the reason that plantations are adopting means of preserving, 
and utilizing all these natnral products. ,Ve cannot, however, 
urge too straongly the careful preservation from loss of the active 
elements of natural manures. If these elements are lost by volati
lization, or by leaching, the residue has but little manurial value. 
Professor Maercker, Germany, has found that the nitrogen in the 
liquid leached by rain, and often lost, from manure piles pos
sesses DO per cent. of the value of nitrogen contained in nitrate 
of soda, whilst the nitrogen in the dry, leached residue has a 
comparative value of only 10 per cent. In addition to the 
values of composting, several plantations report excellent results 
in preserving stable manures from the substituting of extremely 
acid phosphates for gypsum and lminit, which we have advisecl. 
lVIr. Lidgate says that, "the disagreeable volatile odors have dis
appeared." Recent experiments have shown that gypsum and 
kainit possess a yer'y small preserving property in comparison 
with highly acirlulated phosphates and sulfates of lime. 
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MILL PRODUOTS.-Opinion is uniform concerning the 
value of the filter press materials as fertilizers. These, like 
stable manure, act well upon all soils. The cost of transport, 
however, is a factor to be considered in their use, and naturally 
tends to the distribution of these materials near to the mill. 
""\'Vell, the low lands are the poorest in organic matter, and thus 
the stable manures, in particular, are of high value to those 
lands, although their effect is very conspicuous upon the higher 
and badly washed slopes. 

Upon the value of molasses as a fertilizer, plantation mana
gers hold very different opinions. These' differences, however, 
are found to have a substantial foundation. ""\Ye have exam
ined final or waste molasses sent in to us from twenty plantations, 
and we have found the nitrogen content of the samples to vary 
between 0.2 pel' cent. and 1.S5 pel' cent. This variation in the 
nitrogen content alone is sufficient to explain the dissimilar fer
tilizing values of molasses. The causes of the nitrogen variation 
will be considered in the report on :Manufacture. 

MODE OF APPLYING FERTILIZERS.-There is not 
any mode, nor any special time, of applying fertilizers of high 
active valne which affords absolute protection against some loss. 
There arc modes, however, which snit locations and conditions 
better than others. Several actual examples (certain men
tioned in the report Oil soils) show the danger of applying soluble 
fertilizers in the fnrrow nnder the seed where- il'l'igation is prac
ticed. 1£ the water percolates to depths from which capillarity 
fails to raise it again, it leaches out into lower lands or gulches 
and soluble fertilizers go with it. In dry districts, without irri
gation, fertilizing in the furrow and thorough mixtUl'e of the 
fertilizer with the seed-bcd, is very advantageous. Of course, 
there is the risk here that an unexpected glut of rain, which 
finds discharge largely dmvn the furrows, may come too soon 
and canse a loss. The greatest guarantee against loss, and also 
of the best sllstained activity, of a high dass fertilizer is the 
application in at least two, aIllI better three, parts. This in
volves applying at different stages of growth. ""\Ve have advised 
this method where special conditions did not proclaim against 
it; snggesting' one-third of the amount in the seed-bed before 
planting; one-third after the chief activities of snckering, and 
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the last one-third in the fall, or in the following spring, bearing 
chiefly in mind the season of probable rainfall. In some cases, 
it is advised to apply the whole of the ph aspheric acid and potash, 
with some nitrogen, after the cane is all up, and to supplement 
with nitrogen as the condition of the crop requires. 

Too little attention has been given to the fertilizing of rat
toons. It must be considered that the mechanical state of the 
soil; after a crop has been taken off, makes the rattoons depend
ent on special help. F1U'ther, the most vital elements of the 
high class fertilizers are chiefly used up by the plant cane; after 
results being visible' mainly where less soluble matters, like 
bone meal, were used on the plant crop. :111'. Morrison, at 
Makaweli, furnishes most noteworthy examples of the economy 
of giving liberal assistance to the rattoon crop, where rattooning 
is not made impracticable by the nature of the soil. 

SO:NIE FIELD RESULTS.-Oertain managers have submit
ted the action of fertilizers to actual tests, of which we record the 
following: 

(1) KILAUEA-GEO. R. EWART. 

Fp.rtilized. 

Cane per acre. . . . . . . . . . . . . .. 64-.800 ponnds. 
Sugar in juice. . . . . . . .. . . . . . . 16.85 per cent 
Sngar per acre. . . . . . . . . . . . . . 9.008 pounds. 

Not Fertilized. 

57.600 pounds. 
15.37 per cent. 
7.780 pounds 

(2) KOHALA-GEO. F. RENTON, In. 

First Test. Fertilized. 
5,443 acres.. .............. 506.280 pounds cane. 
Sugar made. . .. .. .. .... .. 6:3.635 pounds. 
Difference . . .. ..... 16,770 pounds. 
Cost of fertilizer for 5.443 acres, $91 85. 

Second Test. Fertilized. 

7.0 acres 445,130 pounds. 
Sugar made. 5-1.220 pounds. 
Difl"erence. . . . 11,690 ponnds. 
Cost of ftrtiJizer for 7.0 acr· s, $95.55. 

Not Fertilized. 

386,510 pounds cane. 
46.865 ponnds. 
EI.3S5 tons. 

Not Fertilized. 

351,340 pounds. 
42.530 pounds. 

5.83! LOllS. 

These tests are of great interest and value. In estimating 
the gains which are being obtained, generally, by liberal and 
rational fertilizing, we must not err by putting to this account 
the total gains achieved. Improved cultivation has a claim 
upon a measure. of our increasing results. Oultivation and fer
tilization go hand in hand, and they lIlutnally re-act, giving to 
each other a greater valne. 
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REPORT ON MANUFACTURE. 

By WALTER MAXWELL, DIRECTOR HAWAllAN EXPERIMENT 

STATION AND LABORATORIES. 

541 

To the Trustees aI~d Members of the Hawaiian Sugar Planters' 
Association: 

Gentlemen :-The gentlemen appointed by the President to 
act with the Director in reporting upon the subject of 
lIfalllltactll1'c 'were A. Oropp, F. J. Lowrie, O. B. ,VeIls, and 
W. "V. Goodale. 

STATE OF THE OROP.-The state of the crop to be 
ground was, in December, great weight of cane, 'in a still grow
ing condition, with a relatively low sugar content, and a low 
pll1'ity. These chflrflcteristics were general over the islands, 
and have been referred to the action of unusual rainfall during 
the months of .August and September. ,Ye visited, personally, 
plantations during the first and second weeks of January, in 
order to observe the canscs of the low density and purity of cane 
JUIces reported from many districts. The cane was strong, 
green and still growing and the appcarance and tests of the 
juice, very generally, indicated immaturity. Unfortunately 
few: data are available beflring' upon the relation of the state 
of the crop to the climatic conditions, dnring the months when 
the cane is llsually ripening. Such data are of peculiar interest 
and valne when we rei1ect that the sng-Hr is made outside, and 
not in the mill; and that most of the troubles of the factory 
m'e determined by comlitiol1s in the field. Oertain observa
tions, however, arc fnrnished by the Ewa and Kilauea plan
tations: 

Sucrose Purity Rainfall. 
Location, Month anu Year. ill juice of juice. 

Pel' cent. Pel cent. Inches. 

Ewa, J annary, 189'1-5 17.7 87.1 0.29 
" " 1895-6 15.35 85.3 5.35 ..... 

Kilauea, December, 1893-'1. ... 18.97 91.0 6.95 

" " 1894-5 17.41 90.3 9.08 
" " 18!)5-6 14.36 85.2 17.38 
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If then, the unripe and low condition of the juice in Decem
ber of last year was due to the abnormal rainfall during the 
"ripening months, the practical question is, to what extent can 
the effect of unseasonable rainfall be modified by immediate 
and judicious stripping, and letting in of the air and sun, par
ticularly to the cane to be taken off first? 

Oonsiderable data are in hand bearing upon the period of the 
maximum sugar content and quality of the cane. These data, 
however, are insufficient for a broad statement to be based upon 
them. The data furnished by lVIr. Otto Schmidt, of the Kealia 
Plantation 00., are the mean of five years' records, showing the 
state of the juice during the months from December t? June in
clusive. The average sucrose in the juice during the months, De
cember, January, February, covering five years, was 17.66 per 
cent.; and for March, April, Uay, June, 19.1 per cent. The dif
ference in the purity of the juice, during the two divisions of the 
season, was about 2 degrees. These data, which can be ampli
fied, and confirmed by general results, indicate that the value 
of the cane for sugar-making is 10 per cent greater during the 
last than in the first half of the usual grinding season. -When 
we consider that the additional 10 per cent. of value is added 
to the cane by time and natural causes, and without any addi
tional cost, the fnll expenditure upon the crop having been 
made, the economy of compressing the grinding season within 
the shortest possible length of time, and concentrating upon 
the period during which the value of the cane is at and around 
its maximum, is forced upon our consideration, causing us to 
examine to what extent these are compatible with the value of 
the rattoon crop, the supply and conditions of labor, and the 
demands of other work of the plantation. vVe have said that 
our data, bearing upon the period of maximum value, are 
insufficient to strictly locate that period. Oertain data, from 
given plantations, indicate that this question, like others, is 
affected by the season. The maximum value may occur in 
:llfarch, or earlier, but the rule appears to be as we have pre
viously stated it. 

FROM: THE FIELD TO THE :r.nLL:-A great loss of 
sugar can occur between the field and the mill if the period, 
between cutting and grinding, exceeds a given length of time. 
The rate of loss is 1argel~r controlled h:v tl1C sncrosc content of 



Nov., 1896.] THE PLANTERS MONTHLY. 543 

the cane, and the temperature of the air. In Louisiana, in the 
month of December, we, personally, found the loss, by letting 
the cane lie after cutting, to be 1 per cent. per day of the total 
sugar for the first five days. ,rye have obtained some data bear
ing on this question under the conditions obtaining with us. 
While controlling other investigations at the Waianae Planta
tion, Mr. Orawley made some observations upon the rate of 
fermentation, and loss of sucrose in cut cane, which are given 
as follows: 

Sucrose LasH of 
Canes in Juice. Purity. Total Sugar. 

Per cent. Per cent. Per ceut. 

Fresh canes ........ 19.9 86.9 
One day old ........ 18.5 83.3 7 .. 2 
:Five days old ....... 14.77 69.7 25.7 

These observations were made upon very ripe and rich cane, 
with high air temperature prevailing. They ar~ very generally 
confirmed by observations made by 111:1'. Otto Schmidt at Keka
ha, in 1895. lVIr. Schmidt reports to us as follows: 

Sucrose Glucose Loss of 
Canes in Juice. Purity. Hatio. Total Sngar 

Per cent. Per cent. Per cent. Per cent. 

Fresh canes ....... 17.21 88.2 2.90 
Two days old ....... 16.16 80.0 12.40 6.1 
Four days old ......... 14.42 72.5 24.70 16.2 

The loss was greater than these figures show; since a notable 
loss of weight essentially took place in the cane that laid four 
days. 11'11'. Orawley found this loss to be 11 per cent on cane which 
laid five days. This rate of loss by decomposition of sugar in the 
cane is not so great as we have found in sugar beets, when ex
posed to the air and direct sunlight. In experiments made by 
us, personally, we found beets to lose 2Dt per cent. of the total 
sugar in 72 hours. The loss in the cane can be so great, how
ever, as to require the most direct delivery possible of the cut 
cane to the mill. For it is seen that all subsequent care given 
to extraction, and to prevention of losses by entrainment, etc., 
may be more than discounted by the initial cause of loss stated. 

The data set forth bear very directly upon the question of 
"central factories" in their relation to the conditions of these 
Islands. We, personally, in Louisiana, have stood and watched 
cane unloaded from barges which had been cut ten days, and 



544 THE PLANTERS' MONTHLY. [VOL. XV 

transported seventy miles. That cane contained only 10 per 
cent of sugar, and the ail' was cool enough to form ice after 
sun-down. ·With stICh a quality of cane, in such .conditions, 
delay between cutting and milling may be possible; but in our 
conditions, rapid transport and handling are a first necessity. 
We have acute memories of the acid odors at the rollers from 
cane standing over from Saturday night to Monday morning. 
Such cane makes a bad opening of the week's work. 

EXTRAOTION.-We have not attempted to obtain state
ments from individual plantations on the extraction made, for 
the reason that the vari()us means used of determining that 
factor, are not calculated to furnish uniform results. This has 
appeared to us from some reports sent in to our bureau. The 
question of the estimation of extraction, however, will be con
sidered when a committee has investigated, and reported upon 
methods, which our Association may recommend for uniform 
use in controlling and reporting sugar house work. 

In our series of questions showing "the lines of inquiry 
desirable to be followed," certain of these were, "Obtain data 
on extraction by mills, with and without maceration; upon the 
work of the first and following rollers." Also, "Obtain data 
showing the effect of maceration upon the purity of the juice." 
Further, "The efFect of diffusion on the purity of the juice, as 
shown by comparison of the normal and diffusion juices." 

Upon the work of the different sets of rollers, actual data 
have been received from W. VV. Goodale only. Mr. Goodale 
furnishes a table giving the average results covering, practically, 
the grinding season: 

Extractiou Per cent. of Per cent 

Cane. of ::)ucrose 
in Cane. 

Sucrose in the cane 14.538 100.00 

Sucrose extracted by first rollers ..... . 11.070 76.15 
Sucrose extracted by second rollers ... . 1.467 10.09 
Sucrose extracted by third rollers ... . 0.481 3.31 

Total extraction . . ............. . 13.018 89.55 

These figures have great interest, and it may be found that 
such precise data have a determining value in the ultimate 
settlement of the question, viz: the number and mode of setting 
of rollers to attain the highest extraction. 
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The statements furnished upon the difference of extraction, 
with and without maceration, are hardly supported sufficiently 
by actual data to be of precise economic value. Moreover, it 
is known that it is merely a matter of volume and tempera
ture of the water of maceration, and all the sugar, with every 
thing soluble in the same medium, can be brought out. It was 
this fact which gave occasion to the witticism of one authority, 
who remarked, in reply to advocates of maceration without 
limit, that "he had secUl'ed everything; not even a trace of 
bagasse was left." 'What we require to know is the measure of 
maceration that can be applied with economic results? This 
depends, mainly, on the grade of cane. Hilo, with its juices 
of 95 per cent. purity, can usc water in extraction, which would 
render the low grade juices of other known districts almost 
unworkable. At the opening of last grinding season, the low 
purity of juices, in certain districts, compelled sugar houses 
to suspend maceration for a while. 

Bearing' upon the question of "the effect of maceration upon 
the purity of the juice," precise data have been obtained from 
Mr. Ewart, Kilauea, only: 

Average of 100 Days. 

Purity with no maceration ....... , 
Purity with 7 per cent. maceration .. 

1st Roller. 

89.61 
89.49 

2 I Roller. 

86.01 
84.02 

These figures are of peculiar interest and value. 'Ye see 
first the very notable difference in the purity of the juice ex
tracted by the second rollers without any maceration. 'Ye, per
sonally, had not considered that the last portion "would be so 
much less pure than the first portion of juice, although .we were 
aware that the cane organism behaved differently to the sugar 
beet, in the matter of yielding up its juice. As a result of 
10 experiments, including the testing of 200 beets, we, person
ally, found the last half of the juice expressed from the beet 
to be about 1 degree higher in purity than the first half. 
This different behavior of the cane and beet, under pressure, 
should preclude any strictly comparative discussion and appli
cation of methods of extraction. 

One chief cause of the lower purity of the latter portion of 
juice extracted, has been known to be due to the lower sugar 
content and purity of the joints of cane, compared with the 
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sJ:iace between the joints. The hard, woody joints offer greater 
resistance to the mill, and give up the juice under the later 
pressures. One other cause has been observed by Mr. Otto 
Schmidt, and to be due to the different composition, and resist
ance to pressure, of the bark of the cane. Mr. Schmidt fur
nishes the following data: 

Mean of 3 Tests. Brix. Sucrose in Juice. Purity. 

Juice of cane ......... . 
Juice of bark ......... . 

22.6 
23.2 

20.14 
19.11 

89.0 
82.3 

A further table is now given setting forth the sum of data 
in hand, bearing upon the different purities of juices from the 
first and following rollers: 

Location. Time of Ob- Pro ct. of 1st 2d 3d Fall of 
servation. Dilution. Rollers. Rollers. Rollers. Purity. 

Geo. R. Ewart ..... 100 days. 7.0 89.49 O. 84.02 5.47 
W. W. Goodale .... 7 mouths. 9.8 93.35 90.10 88.55 4.80 
Geo. R. Benton... 1 day. 12.15 86.60 83.40 81.00 5.60 
Kekaha Mill. . . . . .. 2 days. 21.0 79.70 O. 73.30 6.40 

It is understood that the figures in the last column of the 
above table state the difference in purity of the juices from 
the first and last rollers. The absolute fall in purity, as shown 
by the purity of the mi.xed juice, we now give, and in compar
ison with data showing the action of the battery upon the 
purity of diffused juice: 

MILL EXTRACTION. 

Location. Purity of 1st Purity of Mixed 
Roller .r uice. Juice. 

Geo. R. Ewart 
VV. W. Goodale ..... 
Kekaha l\1:ill . 

Mean 

Location. 

89.49 
93.30 
79.70 

DIFFUSION. 

Purity of 
Mill juice. 

Makaweli . ..... ... 84.8 
Kealia . ........... 87.2 
(Stated as lower than other 

seasons.) 
Ilaiku . . .......... . o. 

88.67 
92.30 
79.20 

Purity of Dif
fusion Juice. 

82.4 
85.0 

o. 

Mean .................. . 

Fall in 
Purity. 

0.80 
1.00 
0.50 

0.77 

Fall in 
Purity. 

2.4 
2.2 

3.66 

2.75 



Nov., 1896.] THE PLANTERS' MONTHLY 547 

These figures, as they are given to us, over-state the matter 
of the action of diffusion in lowering the purity. The mill 
juices, placed in comparison with the diffusion juices, were 
expressed by use of hand mills, which gave an extraction of only 
72 per cent. to 75 per cent. The most approximate correction 
we can suggest for this error is to deduct the difference found, 
under the heading of "mill extraction," between the purities 
of the 1st roller juice and the mixed juice, viz: 0.77 per cent; 
this makes the lowering of the purity, caused by diffusion, to be 
1.98 per cent. against the action of the mills, with the macera
tion now practiced, which we have stated as 0.77 per cent. 

In addition to our modes of extraction by mills and ordinary 
diffusion, there is the Stade displacement method tried in Bar
badoes. Mr. Stade claims for his pt·OCC88 that "the dilution 
is less than in diffusion or heavy maceration~" and that "all the 
albuminous matter of the original juice remains available for 
defecation." vVe have had no experience with this process. 

CLARIFICATION.-This means the removal, to the great
est extent practicable, of the solid matters which are not sugar 
from the juice, in order to facilitate the free crystallization of 
the sugar. The necessity of radical processes of clarification 
is comparative, and controlled by the grade of the juice. In 
Louisiana, it is not infrequent that juices are worked which 
contain 30 to 40 pounds of impurities to 60 to 70 pounds of 
sugar. In our Hilo district, at least two plantations have shown 
a purity of the juice, covering the whole season, of 94 per cent. 
which means that those juices contain only 6 pounds of impuri
ties to 94 pounds of sugar. These figures set forth the signifi
cance of clarification in the respective extremes of conditions. 

Heat is our first step in clarification. ,Vhen the temperature 
reaches a given degree, the albumilloids begin to coagulate and 
separate out. Heat is not known to be able to separate any 
other impurities directly. 

Of chemical agents used in clarification, lime is the most 
effective, and our generalstanclbY. Lime neutralizes the acidity 
of the juice; supplements the action of heat in precipitating 
the albuminoids; and is also the only re-agent we know at pres
ent in use which removes some of the gums. 

The mode of applying Hme to the jni('c is of ('omioerable 
moment. In view of the possible netioll of the jnice al~ids upon 
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the sucrose, it is always safe to add the lime before the tempera
ture of the juice is raised materially. About a hundred tests 
made in the Audobon Park Laboratory, in order to determine 
the invertive equivalents of certain organic and mineral acids, 
at temperatures graduated from 80 0 F. to boiling point, showed, 
however, that the organic acids (excepting oxalic) have a very 
minute action below 1500 F., with heating for one hour. Lime 
causes a more complete coagulation of albuminoids, at a lower 
temperature, than is done by heat alone. On the other hand, 
continuous heating, at high temperature (boiling) with an excess 
of lime present, causes the lime to slowly undo the work it did 
at a lower temperature. \\T e found that when a Louisiana 
juice, limed to a distinct alkalinity, was boiled for one hom;; 
18.6 pel' cent. of the albuminoids were decomposed. This 
action of lime is slow, however, and small in practical work; 
yet several sugar boilers on these Islands have confirmed our 
advice against liming the juice at high temperature, stating, 
"that the jllice does not clear and settle so well as when the lime 
is added to the cold juice." 

Lime, as we have said, removes some of the gums. This is 
done at comparatively low, and even normal, temperatures. 
An example of this was found at Ewa the last season; when cer
tain juices from low land cane were limed cold, as the juice was 
leaving the Baldwin weigher, a voluminous precipitate of gum 
was thrown out, and collected by the strainers before the juice 
went to the clarifiers; whole barrels of this gum were collected, 
which was found by Dr. Pohlman to be dextran, and by our 
laboratory to contain only 0.2 pel' cent. of ash, etc. This gum 
is of frequent occurrence. 

Lime is om great antidote to fermentation. The degree of 
alkalinity given to the juice appears to determille the time of 
duration of immunity from the action of the ferment orgallisms. 
'Ve have this year repeated some observations upon the sev~ral 
modes of action of lime, and amongst these, its effect in retard
ing fermentation. The juices were obtained by us, personally,. 
at the Ewa mill and brought to our laboratory.: 

Date. 

:May 14 

1ST-NORMAL MILL JUICE WITHOUT LIME. 

Sucrose 
in Frcsh 
• Tuice. 

18.5 

Sucrose in Loss 
.Tuice After in 'rotal 

1).1 I-IOurR. Sugar . 

8.3 55.2 
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2D-JUICE LIMED TO FAINT ALKALINITY. 

Date. 

}'1:ay 14 

Sucrose 
ill Fresh 

Juice. 

18.5 

Sucrose ill 
J nice After 
94 Hours. 

12.35 

Loss 
ill Total 

Sngar. 

33.2 

3D--JUIC'E LIMED TO STRONG ALKALINITY. 

Date. 

}'1:ay 14 
lvIay 25 

Sucrose 
ill Fresh 

Juice. 

18.4 

Sncrose ill 
.Tuice After 
94 Hours. 

18.4 
18.5 

Loss 
iu 'rotal 
SlIgar. 

O. 
O. 

At the end of 12 days, the heavily limed juice was still sweet. 
The polariscope reading was higher than on lIIay 14, due, partly, 
to evaporation. No fermentation had occurred, and no sugar 
was lost. Although these experiments were repeated, with 
the same results, our observations along this line were stOIJPi:!U 
by pressure of work; and more especially on account of having 
received, just at that time, a communication from the Sugar 
Experiment Station of ,\Yest Java, wherein observations iden
tical with our own were recorded, with identical results. The 
incidental results of one other set of observations are given, at 
this place, on account of their relation to the above observa
tions. III this case, our investigation was specifically concerned 
with the relative actions of heat and lime, in determining the 
fermentations that followed; and belongs to unpublished obser
vations, from the chemical side, on fermentation made with 
Louisiana juices. 'vYe, however, at this place, show only the 
decrease of sugar in the juice under the following conditions: 

.Juices. 

l-1Uixed mill juice ..................... . 
" " " "after 72 hOUTS ....•... 

2-1\Jixed mill juiee, heated ............. . 
" •. " "aft!'!' /2 hour" 
3-l\Iixed mill juice, linwd to neutrality and 

"uper-heated ....... . 
" " " " after 72 hOll rs ....... . 
4-l\Iixed mill juice, limed to strong alkali-

mitv and heated .... . 
,," "after 72 hOllrC' ........ . 
,. " " "after 9 days ......... . 
b--1\Iaceration juice from ord rollers, Ewa 

IvI i II . _ . . . . . . .. . ......... . 
" Maceration juice after 72 haul's ........ . 

Sucrose 
ill .J nice. 

18.7 
~.3 

18.7 
11.7 

1 F;.7 
17.::12 

1~.7 

18.7 
lS.$) 

G.6!) 
0.60 

Loss ill 
Total Sugnr 

87.7 

37.4 

7.3 

o. 

91.3 
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Attention is first called to the evident action of heat alone in 
retarding fermentation. In this example, the juice ·was brought 
to a boil, and then quickly cooled to normal temperature and 
otherwise treated as a No. 1 sample. The cause of the longer 
keeping of the heated juice may be considered due, in part, 
to direct action of heat on the ferments in the juice. 'rYe, 
however, believe that it is also, in part, due to the action of 
the heat on the constituents of the juice, and particularly 
upon the albuminous bodies. Observations made by us in 
Dr. Stubbs' laboratory, bearing upon the question of the 
bodies from which the ferment organisms take their nitrogen 
with the greatest facility and prefer once, have led us to this 
view. All the organisms prefer the soluble albumines. Heat, 
however, renders these insoluble, comparatively, and more 
slowly available as food for the ferments. 'rVe have cause 
to believe that milk that has been heated above a given degree, 
resists the fermentation for the same reason. The super
heated juice contained lime to nentl'ality or faint alkalinity; 
therefore it cannot be said how much is due to the super
heating for the better keeping of sample No.3. As mere 
heating in free ail' acted so favorably upon the keeping of No. 
2, we may be prepared to find even a greater effect from the 
heating under pressnre. The observations of Mr. Rodriguez, 
Haiku and Paia, upon super-heating of unlimed juices, point 
in that direction. The behavior of sample No. 4 was identical 
with results given in the previous table. The rapid and greater 
fermentation of the macerated juice from the 3rd rollers was 
to be expected. 

Heavy liming, we have seen, preserves standing juices. It 
is not necessary, however, in regular work; it is actually ob
jectionable, and not only on account of its action on the albu
minoids, when the juice is heated high, but also because of its 
effect on the glucose, which it breaks up, and thus darkens 
the juice. 

In handling the impure juices of Louisiana, some houses 
sulphur the cold jnice to strong acidity, and then neutralize in 
the clarifiers, before heating high, with large amonnts of lime. 
Other mills lime the cold jnice in the clarifiers to distinct 
alkalinity; turn on the steam and gradually increase the heat 
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until a perfect blanket is formed.· The unbroken blanket is 
carefully skimmed off, after which acid phosphate ("Olariphos") 
is added to neutralize the alkalinity, and remove the excess of 
lime. The juice is then brought to a boil, after which the 
flocculent phosphate of lime settles rapidly, leaving a clear 
juice, and causing rapid work at the presses, where a hard, 
granular press cake is obtained. 'With the high purity of our 
cane juices, which very widely obtains, it is not necessary, 
we think, to use such radical treatment of the whole of the 
juice as is practiced in Louisiana, and in fact this is not done 
excepting by the Kekaha mill, upon the rank juices grown 
on the low lands of that district. :Mr. Otto Isenberg uses a 
process of carbonatation. Ooral lime stone is burnt, with 
trash for fuel, outside the mill, and the carbonic acid stored 
for nse. }'fr. Isenberg limes the cold juice in the clarifiers 
to relatively heavy alkalinity. Steam is slo'wly turned' on, 
but before the heat rises materially, the acid gas is pumped 
into the clarifiers, and the lime precipitated; after which the 
juice is heated to a boil. The carbonate of lime settles rapidly, 
leaving a very clear juice; filtration is rapid, on account of the 
granular press cake. The molasses is more easily handled; the 
low grade sugars crystallize and dry very freely, comparatively, 
indicating that the great excess of lime used removed much 
of the gums present in the juice. 

A notable feature of the Kekaha mode of carbonatation, is 
that it does not darken the juice; this is due to adding the lime 
at low temperature, and re-precipitating with the acid gas 
before the juice reached a temperature at which the lime would 
destroy the glucose. This is a noteworthy result; since the 
Kekaha juices often stand high in glucose. Upon cane juices 
in other countries, carbonatation has usually failed; due, prob
ably, to the high temperatures at which the lime was allowed 
to act. vVe have said that with our purer juices, it is not 
necessary to treat the whole of the juice by the modes we have 
described. }'foreover, carbonatation would not be an econom
icalmethod for mills located distant from the lime-stone supply. 
The desirability, and a method, of treating specially the juice 
which goes to the iilter presses, arc worth a careful discussion, 
however; and ,ve havo bo01l cOllsideriIlg those in relation with 
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methods proposed for economically reducing the sugar lost in 
the filter press cake. 

In April of this year, Dr. Pohlman called attention to the 
loss of sugar in the filter press waste, and sent out copies of 
experiments made and results, with "double filtration of mud 
through filter presses." Dr. Pohlman says, "press cakes of 
9-10 per cent. sucrose were mixed with hot water, screened, 
limed, and pumped through a separate press." The results were: 

Juices. 

Original filter press juice 
Dissolved press cake juice 

Bl'ix. 

18.6 
8.4 

Sucrose. 

16.29 
5.81 

Purity. 

87.5 
69.2 

The sucrose left in the second press cake was 3 per cent. 
This is lower than we have known outside of Louisiana, where 
in given instances, it was reduced to less than 1 per cent. It 
is seen, however, that in Dr. Pohlman's experiment, the purity 
was reduced from 87.5 to 69.2, or by 18 degrees. This indi
cates that there is an economical limit to the simple washing 
of the filter press cakes, and that going beyond that limit, we 
may be doing nothing more than lessening the weight of the 
press cakes, and proportionally increasing the bulk of molasses. 

In view of the waste of sugar ordinarily in the press cakes, 
and of a movement in a few cases towards putting extra presses 
for "double filtration," we decided to repeat certain experiments 
originally made in Lonisiana, in treating the settlings and skim
mings with phosphoric acid ("Clariphos") before they went to 
the presses. Arrangements were made with Judge ,\Yidemann 
to make the tests at '\Yaianae. In Louisiana, we used acid 
phosphates of lime, so called "clariphos." At \Vaianae, phos
phoric acid, in the form commercially known as "albertine" 
was used, being furnished by the Pacific Gnano '.Y orks for 
our use. The actual tests were conducted by :1\1r. Crawley, 
who also had experience in the use of acid phosphate in Louis
iana, assisted by Mr. Arnemalln, the sngar boiler at '.Vaianae. 
In the first place, :1\1r. Crawley made tests corresponding to 
those made hy Dr. Pohlman, 11sing hot and cold water respect
ively in dissolving the press cakes. One sample of press cake, 
containing 9.9 per cent. S11crose, dissolved in hot water and 
filtered, the jnice stood: brix, ·1-.73 pcr cent., S11crose, 3.1 per 
cent., and p1ll'ity, 65.6, against the }lll1'it.', of the elarified juice 
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of 81.5. This result is nearly identical with Dr. Pohlman's. 
Another sample of press cake, containing 11.6 per cent sucrose, 
was dissolved with cold water, and the juice read: brix, 7.8 per 
cent., sucrose, 5.9 per cent., purity, 75.6. 

In the experiments with the phosphoric acid, in the first place, 
tests were made with th8 juices in the ordinary work of the 
mill, to get data to compare ,'lith the results of the special 
clarification. }'fr. Orawley made two experiments showing 
the purity of the clarified juice, and of the press juice from 
the settlings, and also of the sugar left in the press cakes. 
These were followed by three experiments, showing the purity 
of the clarified juice, and of the press juice from settlings, which 
had been extra limed, heated, and then treated with phosphoric 
acid for the removal of the excess of lime. The sucrose content 
of the filter press cakes, obtained by this treatment, was also 
determined, all of which data are set forth in the following 
tables: 

Juices. 

Olarified JUlce . 
Filter press juice 

.Tuices. 

ORDINARY WORK. 

No. or Sucrose in 
'rests. Brix. Sucrose. Purity. Press Cake 

2 
2 

17.2 14.00 
17.25 13.7 

PHOSPHORIC ACID WORK. 

81.4 
80.0 10.8 

No. of Sucrose in 
Tests. Brix. Sucrose. Purity. Press Cake 

Olarified juice . . ....... . 3 16.18 
3 16.30 

13.2 
13.5 

81.5 
Filter press . . .......... . 82.8 7.65 

In his report, ~fr. Orawley, very cautiously, says, "we have 
given the albertine as thorough a trial as possible under the con
ditions; which, you know, are inadequate for a thorough scien
tific experiment." He further remarks, "under ordinary work, 
the press cake was soft and gummy; but under the phosphoric 
acid treatment, the cake was hard and comparatively dry." 
:Mr. Orawley left some "albertine" with the sugar boiler, who 
used it himself, and reported to }'Ir. Crawley, "I used it all 
day yesterday, and it was a success. The presses worked well, 
and I got a hard cake." 

'Ve do not wish to unduly emphasize the action of the phos· 
phoric acid treatment in reducing the sugar content of the' press 
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cake, and at the same time raising the purity of the juice above 
the purity of the clarified juice, but we do use these data to 
suggest further trials in our sugar houses, in treating the skim
mings and settlings juices with phosphoric acid before they go 
to the presses. At this place, we also suggest the keeping 
of the third roller maceration juice, which we have seen to 
be of low purity and more liable to ferment, out of the bulk of 
the juice, and running it directly in with the settlings, where it 
will have the lime and phosphoric acid treatment. In the 
meantime, the advisability of double filtration of press mud 
may be further considered, before any special expenditures 
are made for extra filter presses. This is specially advisable 
in view of the fact that the phosphoric acid treatment enables 
teu:er presses to do the work. 

Ooncerning the mode of action of phosphoric acid as a clari
fying agent, reference may be made to our personal experiments 
and work conducted in Louisiana, which were presented before 
the Louisiana Planters' Association, and which were re-pub
lished by the editor of our "Planter's :Monthly," in the April 
number of this year, under the heading, "Sulphurous Acid, 
Acid Phosphate, and Lime as Olarifying Agents." 

EVAPORATION.-Upon this subject, we possess extremely 
few experimental and exact data; and precise knowledge would 
be of signal value. ,Ve require observations, more definite, 
first, upon the proportions of work clone by each section of an 
evaporating plant, with exact notes of vacuum and temperature; 
secondly, upon the relative work of different kinds of evapora
tors; lastly, upon the mode and measure of loss of sugar that 
may be taking place, and devices for its prevention 

Along the line of the first need of information, the Maka
weli mill is making an important move. A "Yaryan Report" 
has been published, which gives the "averages of temperature 
and densities of feed Jiquor, circulating liquors, and tempera
tures of condensed water from each vessel, with corresponding 
per cent. of evaporation. :From :March 1 to July 1." These 
observations have been made by the chief engineer, Mr. Scott, 
and not the least part of their interest consists in showing that 
guess work, and opinions without data, are to make way for 
actual observation. 
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Oon~erning "the mode and measure of loss of sugar" that 
may be taking place in and from the effects, interesting obser
vations have been made this year. Five years ago, Mr. Oropp 
adopted a German device at Koloa to prevent entrainment. 
During the past grinding season, an increased attention has 
been given to the subject, especially in the districts of Hilo and 
Hamakua, Hawaii, due to the beginning of a more careful 
control in the mills of Papaikou and Hamakua. It was found 
that approximately O.~ per cent of the sugar was being lost 
during evaporation. 

In addition to loss by entrainment, Mr. Hartman, Papaikou, 
observed a loss to have taken place in the evaporators by oxy
dation. These observations are of scientific, as well as practical, 
interest, and are considered by chemists as "very pretty work." 
Observations of a similar character were made this year by 
Otto Mittelstaedt, Amsterdam. 

For the prevention of entrainment, devices have been patented 
by 1\£1". Rodriguez, who was in chemical control of Paia and 
Haikn Mills last grinding season, and by 1\ir. 1\IcQuaid, chemist 
at Hamakua. Several devices have been put into practice by 
the Honolulu Iron ,Yorks. 

In the final evaporation of sirups in the pan, more exact 
data would be of value. Data showing the effect of slight 
acidity, neutrality, and alkalinity upon the rate of evaporation, 
ont-put, quality, and keeping power of the sugar. Also, 
earefnl observations npon behavior of different juices would 
have more than one kind of value. This year, two sugar 
boilers said to us, "Bamboo juices not only don't boil as quickly 
and freely as Lahaina juices, but Bamboo sirup of the same 
purity will not grain at so· low a density as Lahaina sirup." 
On requiring actual data, we fonnd none available, those state
ments being only general observations. There is no reason 
for saying, however, that those statements were wrong; they 
were very possibly right. If they were proven, the knowledge 
wonld not only be of value in the sugar house, but also in the 
matter of fertilization; since if juices of the same purity crys
tallize at different densities, it is due to the different nature 
of the impurities present, and the natnre and amount of im-
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purities are determined by the variety of cane, and the conditions 
in the field. 

The crop of last year drew special attention to the weak 
and ineffective evaporating capacity of many of our mills. 
The crop was big, the juices low, and that meant a vast amount 
of. water. to be blown off. But last year's crop laid stress upon 
the general weakness of the equipment of many mills, from 
the rollers to the coolers and centrifngals. ,Ve saw third sugars 
dried that had been only four days in c091ers, and the molasses, 
containing nearly 50 per cent. of sucrose, run into the sea. 
On~ Sl1O'ar house savs "the ave'rao'e viele I of "thirds" from b J , b J 

coolers standing 12 days, was 710 pounds, after standing 24 
days 850 pounds." The difference of 140 pounds per cooler 
went into the sea. Yet nothing better could be done. The 
cooler capacity was harely half enough; a great crop was push
ing the mill beyond its power; aud had the manager tried to 
go more slowly to give the mill more time, the loss, at the 
end of the season, would have been greater from the "going 
back" of the cane in the field. There is no greater economy 
than a little extravagance in cooler provision; moreover, few 
of our pans have the latest provisions of great heating surface 
and a copious discharge gate, which allow of slow boiling and 
dropping a massecuite containing a minimum of water, these 
conditions ensuring a firm grain and a large out-put of first 
sugars. The Greiner and Forstrueter pans are reported to 
discharge massecuite containing only 4 per cent. of water. 

SUGARS.-Some special observations upon the ash content 
and the keeping power of sugars were made during the past year: 

1. ASH IN SUGARS.-01ll' laboratory made estimations 
of ash ill sugars from some twenty plantations. This work was 
done to procnre actual data bearing upon the factors which 
affect the value of raw sugars for refining. The data are as 
follows: 

Locality. Sugars. Samples, Ash, Moistare. 

Hawaii, Kohala, ....... No. 1 3 0.27 0.26 
Hamakua " 1 5 0.25 0.39 .... 
Hila " 1 5 0.37 0.82 ..... .. . 

lIfaui " 1 3 O.G;~ 1.01 ............... 
Kauai " 1 5 0.55 0.73 .............. 
Oahu " 1 1 0.58 0.82 .............. 
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LocaIit.y. Sugars. Samples. Ash. l\foisture. 

Average of the Islands No.2 12 0.94 1.82 
" """ "3 7 3.35 2.18 

Louisiana Sugars . ..... "1 ca. 0.50 
Ouban Sugars . ....... "1 ca. 0.50 
Demerara Sugars . ..... "1 ca. 1.00 

It is seen that the sugars from Hawaii contain only omi
half the ash found in the No. 1 sugars from the o'ther three 
islands. The l1aui sugars are notably high in ash. . Attention 
is also directed to the moisture contents of the sugars; the 
significance of which will be noted later. Of the mineral ihat-

. ter in the No. 2 sngars, 26 per cent. was lime. 
2. FERMENTATION OF SUGARS.-At onr last year's 

meeting, we made a report on the fermentation of sugars. We 
stated, what our examinations indicated to be, some of the 
causes of the fermentation, concluding with the remark, "that 
further observations may bring to light other conditions also 
having a bearing upon this subject." 

During· the past year, we have given our attention further 
to this subject, endeavoring to obtain actual data covering the 
subject in its greatest breadth, and most practical bearings. In 
the laboratory, only such observations, of a strictly chemical 
nature, have been made as would confirm, or set aside, certain 
statistical data. At present, we have no bacteriologist in our 
laboratory, and are therefore not prepared to undertake a com
plete study of the initial causes of the trouble, and to make a 
duly authenticated bacteriological statement. 

In ~March of this year, we asked l1r. R. Ziebolz, chemist of 
the American Sugar Refining 00., if it would be possible for 
him to give us a statement, showing the keeping quality of 
om· Sllgars ('olllpnratiYely dnring the past and cnrrent years? ~Ir. 

Ziebolz replies, "I am sorry to say that I have not the exaet 
data required by you concerning last year's crop, and therefore 
cannot make a reliable comparison with tl~e Sllgars of this year. 
This year's sugars, howeyer, show a good improvement in keep
ing quality; yet the number of samples fermenting is very 
great. I have made a careful examination of all samples 
scaled in bottles, numbering 6D3, which were received this year 
up to June 20, and the amount of fermentation is shown in the 
figures, which I give you:" 
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Snm- Fer- Per 
Gmdes. pIes, mented. cent. 

No. 1 Sugars ............... 208 36 17.3 
" 2 Sugars 387 86 22.2 ............. 
" 3 Sugars 98 31 31.6 ............. 
These figures give the measure of fermentation in this year's 

samples of sugars; which Mr. Ziebolz says is a great improve
ment on last year. 

Ooncerning No. 1 sugars, we say, in last year's report, "In 
the data examined, not one example of straight No. 1 was found 
that lost in polariscope test during transit." Further, "the 
data cited, lead to the conclusion that the re-melting of low 
grade sugars in the fresh juice is the direct, and perhaps only, 
cause of fermentation in high grade sugars." vVe are not able 
to throw any light upon the reasons why, in this year's No. 1 
sugars, 36 samples fermented, and 172 samples are sound today. 
vVe do not know how many, nor which, of those samples con
tained re-melted low sugars. It must be said, at this place, that 
the fermentation of the samples in the bottles does not essentially 
signify that all these sugars, in bulk, fermented severely before 
they reached the refinery. vVe have taken care to obtain fur
ther data upon this point; and we find that the lots of sugars, 
shipped direct to San Francisco, did not lose value, as shown 
by the account sales analyses; but that lots of the same bulks, 
which were delayed in transit, fermented notably. These 
figures corroborate the data furnished to us last year by the 
Hilo Sugar 00. 

The data furnished by Mr. Zie"bolz on No. 2 sugars cause us 
to modify our statement made last year. vVe say, "No. 2 
sugars, contained in sample bottles, almost without exception, 
showed a strong fermentation." Of course, this observation 
was made on last year's sugars, which nil'. Ziebolz says fer
mented much worse than the sugars of this year. N everthe
less, our statement was probably too broad. 

In considering the No. 2 sugars, we are confronted with the 
same question presented by the No.1 grade; why did 86 samples 
ferment and 301 lots remain sound? Oarrying this question 
on from samples to the bulks shipped round the Horn, we ask, 
why did some lots, of all the grades, lose ten degrees in polari
scope reading, and 20 per cent. in value, during transi.t, and 
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other lots, of all the grades, come out of the vess·el, at New York, 
with a higher polariscope reading than was found at the mills, 
and in Honolulu? 

The view is held by some that the higher grades most readily 
ferment; by others that the lower grades fall the first, this 
latter being due to the greater sum of impurities in the lower 
grade sugars. Our mass of data do not indicate that the No. 
1 grade is exempt from, or more liable to fermentation; whilst 
the major number of low grades, which have not fermented, 
does not support the view that greater or less quantities of 
organic or mineral matter in the sugars are an initiative and 
determining factor. All unrefined sugars contain food mater
ial enough to support a visible fermentation. The minute 
organisms whiCIi do the damage (the fungi, yeast and bacteria), 
are composed of about 83 per cent. to 86 per cent. water, and 
the remainder of solid matter. This solid matter of certain 
organisms contains as low as less than one per cent. of ash, 
and 3 per cent. of nitrogen; whilst in others, the ash runs up 
to 5 per cent., and the nitrogen to 8 or 9 pel' cent. Well, 
a ton of the purest sugars we have examined contaIns one-fifth 
pound of nitrogen and five pounds of ash. But aside from these 
considerations, the literal evidence, furnished by the mass of 
samples noted, lead us away from the conclusion that the 
quantity of the impurities is an initial factor. :Moreover, at 
our request, :Mr. Ziebolz sent to our laboratory a large number 
of samples of sound and of fermented sugars; he having removed 
all data from the samples bearing upon the origin, age, and 
behavior of the sugars. The ash and nitrogen were determined 
and found to be as follows, the means only being given of sound 
and fermented samples: 

Sugars. 

Sound Sugars . . ............... . 
Fermented Sugars .............. . 

Nitrogen. 

0.033 
0.028 

Asb. 

0.57 
0.43 

Observations made by us in Louisiana on sugar fermenta
tion, led us to believe that the kind or form of the mineral 
bodies present in sugars have a determining effect. Conclu
sive observations were made, bearing upon the more avail
able forms of nitrogen, certain of which were in agreement 
with the observations of others, showing that the several organ-
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isms have their distinct preferences. The moulds prefer sol
uble organic nitrogen, but make use of nitrogen from mineral 
salts. The yeasts object to nitrified nitrogen. The bacteria 
make use of nitric nitrogen. These observations caused us to 
expect that similar distinctions of preference might be shown 
by the several ferment organisms, in the selection of the lime, 
potash, and phosphoric acid, required in their growth. We 
were unable to investigate this matter at that time. Just re
cently, however, a very simple experiment has thrown a light 
along this direction. A sample of No. 4 sugars was sent in to 
us sometime ago, in which we found the organisms, which pro
duced butyric acid, very active. Ten grams of this sugar 
were dissolved in distilled water. At the same time, ten gTams 
were dissolved in. the same volume of salt water, taken clean 
and fresh from the Pacific Ocean. These solutions were set 
aside at normal temperatures. The salt water solution showed 
fermentation the first, and continued to ferment more rapidly 
to the end. In this example, the acid produced was acetic, 
and not an indication. of any other than the acetic fermen
tation was observed. The distilled water solution, ,vhich fer
mented more slowly, underwent a violent butyric fermentation, 
the odor of the fermentation products amounting to actual 
rottenness, whilst the sea-water solution retained the fresh, 
acetic pungency. The butyric fermentation ,vas already pro
ceeding in the sngar, and when this was dissolved in pure 
distilled ,vater, tbe dilution cansed the same fermentation to 
proceed more rapidly. The salt water, which means the salts 
in solution in the sea-water, appeared at once to stop the 
butyric, and to immediately canse the acetic fermentation. 

Leaving the matter of small experiments,we come to the prac
tical acts in the sngar house, which may have caused this lack 
of keeping quality in. some of the lots of sugars. vVe have 
said that it is probably the melting of old, low sugars in fresh 
juice that causes certain of the No.1 sugars to ferment. One 
difficulty in our way of being sure of this is the probable ina
bility of the ferments, in the low sugars, to live through the 
re-melting. A refinery authority, however, has informed us, 
with great assurance, that when low grade sngars are re-melted 
and clarified in the refinery, at a temperature of 1800 F., the 
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organisms are not killed, and clean filtrations cannot be made,
and that it is often necessary to run the liqllors back into
clarifiers ,vhere they are boiled for fifteen minutes or more.
lforeover, the more recent discoveries by Globig of organisms
which are active at 1600 F. (the maximum temperature that
(hey can bear not being'kno,vn), ,vhilst sho,ving that our knovvl
edge is far from being adequate along these lines, tend to
confirm us in thinking that the actual data, found in the plap
tation sugar books and Refinery Account Sales, are correct,
and that the re-melting of fermenting, lovv grade sugars in
fresh juice is a probable cause of the fermentation of certain
No. 1 sugars. Our small experiments indicate that even a.

small arnount of old, fermenting sugars .put into fresh juice
may not only accelerate, but induce fermentations, ,vhicfr
,vould not proceed in fresh juice. "Ne,v milk seeded ,vith
one drop of sour milk goes sour in a very short time."

As a preventive of the activity of the organisms, ,ve repeat
our statement of last year, "lime is the most effective agent in
use." Further, "a very decided alkalinity, or excess of lime,
is probably necessary to prevent fermentation." Our repeated
observations ,vith lime on juices, strengthen this persuasion..
Speaking upon this s.ame que~tion of fermentation, but of beet
sugars, before the German Beet Sugar Association, this year,
Dr. V. Lippmann said, "the main trouble is expressed in one
sentence-,vant of lime."

The thorough dryi-ng of sugars is of great moment; since
moisture supplies a condition indispensable to fermentation.
'Ve give one example in illustration of this. At ICealia, the
method of "crystallization in motion" is practiced by ~Ir. Otto
Schmidt. 1\11". Schmidt says, "our average massecuite, as it
leaves the pan, contains 9 per cent. ,vater, 83 per cent. sugar,
and 8 per cent. of impurities. If ,ve let this go direct to
the centrifugals, the 9 parts of ,vater hold in solution 27 parts
of sugar (1 to 3), so that we recover 56 of the 83 parts of sugar,
or 67.5 per cent. of No.1 sugars. "\Ve, however, do not dry hot,
but run the massecuite into large mixing tanks, ,vhere it is
kept in constant motion by the stirrer for 24 hours. During
this process, the temperature of the massecuite falls to the house
temperature, and this is hastened by mixing some molasses with
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the massecuite to maintain fluidity. At the mill temperature,
the 9 parts of water in the massecuite keep only 18 parts (1
to 2), of sugar in solution, the other 9 parts crystallizing out.
.By keeping the massecuite in motion ,vhile this later crystal...
lization goes on, no ne,v grain is formed, and the sugar gro,vs
on to the old crystals. As a result,' 'vhen this massecuite is
dried, ,ve obtain 65 of the 83 parts of sugar, or 78.5 per cent.
~f ~o. 1 sugars."

In reply to further questions, !Ir. Schmidt said, "\Ve kno"\v
these sugars ,viII not hold their polarization for very long.
,Vhen dried cold too much Inoisture is left in the sugar. But
if shipped direct, they are all right, and ,ve have a great gain."
,Ve, give i\Ir. Schmidt's statenlcnts at length on account of his
great chemical and practical kno,vledge of sugar making, and
his ,vide experience in sugar matters. In support of his state
ment of the action of moisture, ,ve have found that all the
I{ealia sanlples in bottles have notably fernlented. \\Te called
1\fr. Schmidt's attention to the probable action of "mixing
in molasses ,vith the massecuite" on the fermentation. Ho,v
much is due to the inducing action of the llloisture, and how
much to the initial action of the old molasses, cannot be said.
If, hovvever, :fiIr. Schmidt could add to his practice of crystal
lization in motion, by \vhich th"e yield of No. 1 sugars is so
vastly increased, a granulator for drying the sugars before bag
ging, he ,viII then have achieved the end to which manufacture
is. no\v tending. A refinery authority informs us that Java
sugars are dried before shipment, and that they enter tIle re...
finery "as dryas sand."

,"\Tith respect to the matters of provision and cleanliness of all
sugar house vessels, it is not necessary to add to the suggestions
of last year. Reiatively speaking, cleanliness is as urgent in
the sugar house as in the dairy, \vhcre it is a constant condition.

lIOLASSES.-For the purpose of obtaining information
bearing on the culture of the cane, as \vell as upon manu
facture, samples of fin~l 1nolasscs \vere examined by the labor
atory. These molasses 'vere from t\venty plantations, and the
()bservations made "\vere as follo\vs:
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ANALYSES OF ~rOLASSES.

. Number.. Brix. Sucrose. Glucose. Purity. Nitrogen. Ash.

No. 1 80.0 34.0 24.2 42.5 0.41 o.
" 2 75.4 39.6 6.67 52.5 0.62 10.17
" 3 70.6 24.0 26.0 34.0 0.60 6.71
" 4 73.0 35-.7 6.94 49.0 0.40 5.98
" 5 74.6 37.5 10.00 50.2 0.58 5.82
" 6 73.0 33.9 26.31 46.4 0.20 5.11
,~ 7 80.0 38.8 15.70 48.5 0.37 9.60
" 8 76.0 36.2 18.52 47.6 0.27 10.02
" 9 80.0 41.3 9.10 51.6 1.73 5.39
" 10 77.4 32.0 19.68 41.3 0.27 9.74
" 11 82.0 37.8 15.88 46.1 0.25 11.94
" 12 80.0 32.3 17.73 40.4 0.43 7.81
" 13 68.7 36.7 7.93 53.4 0.97 6.73
" 14 75".0 31.3 22.12 41.7 0.32 8.18
" 15 76.3 32.0 14.64 41.9 0.72 7.98
" 16 75.8 31.5 14.29 41.5 0.73 8.51
" 17 79.0 39.1 7.14 49.5 1.78 8.46
" 18 74.1 36.7 5.43 49.5 0.49 7.11
" 19 77.2 30.0 13.16 39.0 1.02 7.54
" 20 84.3 47.6 56.3

~reans.. 76.6 35.4 14.7 46.5 0.64 7.93

The "sucrose" and "purity," set forth in this table, are lo,ver

than the actual, since the sncrose ".vas determined by direct
polarization. In the examples of sucrose opposite high glu
cose content, the actual sucrose is probably lunch higher. In
these examP.1es, the high glucose nlay be, in part, due to inver
sion of the sucrose, and this glucose caused by inversion, has
a greater optical action than is ascribed to the "invert sugar"
of normal cane juices, and therefore conceals, in the polari
scope, more degrees of sucrose. In examining the sucrose
column of the table, it is seen that all the sucroses, ,vhich are
lo,ver than the average, are in line ,vith relatively high glu
cose amounts. N o,v, these high glucose molasses, in orie or
t,vo instances it is kno,vn, are from juices \vhose glucose con
tents uSllally vary bet\veen 0.2 per cent. and 0.4 per cent.; so
that these examples leave little doubt that" the high glucose
is due to inversion. 011 the other hanJ, the lo\v glucose
amounts suggest that the glucose has been partly destroyed by



564 [VOL. XV

strong liming. This, ho,vever, is not certain. If the molasses
examined ,vere from a high grade juice, having a minimum

. glucose content, the glucose in the molasses must be lo,v, unless
its ratio were altered in the course of manufacture. By ,vay
of example, ,ve take a juice of the follo,ving composition,
w,llich is very near our average, 20 per cent. solids, 18 per cent.
sucrose, 0.5 per cent. glucose, and 1.5 per cent. undetermined,
,vhich juice has a purity of 90. The items of the analysis

state that the solids, in our juice, contain, in 100 parts, 90
parts of sucrose, 2.5 parts o~ glucose, and 7.5 parts of unde
termined. Taking the stateulents of several of OIIT best con
trolled houses, and allo,ving that 5 parts out of the DO parts
of sucrose are finally left in the molasses, thell the relnoval of
the 85 parts of sucrose ,vonId leave us a ,vater free molasses
eomposed of 33.3 per cent. sucrose, 16.75 per cent. glucose, and
50 per cent undeterluined. As our molasses, ho,vever, con
tains about 25 per cent. of ,vater, this cllanges the composition
to 25 per cent sucrose, 12.5 per cent. glucose, 37.5 per cent.
undetermined, ,vith the 25 per cent. ,vater. .A correction has
to be made for the amount of undetermined solids that ,vere
removed in clarification. 'fhis, ho,vever, is minute, and would
change the glucose from 12.5 per cent. to about 13.0 per cent.
Thus ,ve see that a juice of the composition given, containing
0.5 per cent. glucose, should, in good hands, end ,vith a molasses
containing about 13 per cent glucose. :r-"rom the general data
furnished us by one of our best controlled houses ,ve find that,
with a juice very nearly of the conlposition of our exaulple,
a final molasses is made, 'vhich contains 4.8 parts of. the 88 parts
of sucrose present in the total solids, and ,vhere the 0.49 per
cent. of glucose in the juice has increased to 13.3 per cent. in
the molasses. A juice containing 1 per cent. of glucose ,vonId
end in a molasses containing some,vhere near 26 per cent. of
glucose, providing the lnill had neither added to nor destroyed

,the original glucose. By the aid of observations, \ve have made

at luany plantations, on all the islands, ,ve are leel to place the

variation of glucose in the juice bet,veen 0.25 per cent. and 1.0

per cent. (it docs actually go bclo,v and above these lilnits in

a fe,v kno,vn instnnces), and to take O.G per cent. as the prob

able mean. ,]~his gives us a conseqnent variation in the lllolasses
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bet,veen 6 per cent.. and 26 per cent., and a probable mean
. of about 15 per cent.. against a mean deduced from a large
number of Louisiana molasses of 30.. 2 per cent.. glucose.

Th6 average purity of our 20 per cent. molasses is 46.5 per
cent. rrhis is relatively very high; and at first vie,v, supports
the sucrose column, ,vhich suggests that decidedly more sugar
might be gotten out of the molasses. This is- specially indi
cated by the separate analyses, one sample contains 24 per
cent. sucrose, and the other extreme 47.. 6 per cent. or just
double. This difference is too great to be ",vholly due to causes
that cannot be controlled. The comparison of a great number
of Louisiana molasses gives an average of 24 per cent. sucrose,
and 29.7 per cent. purity.. The question arises, can ,ve judge
of the merit of the work of our sugar houses from a comparison
of our molasses ",vith those of Louisiana? 'Ve think not, at
least not absolutely. ,\Te believe that the nature, as well as

the amount, of the impurities in the molasses largely determines
ho,v lo\v the sucrose and purity can be reduced. There are
practically no data bearing on this subject, but \ve use one ex
Hlnple: The instructor in sugar-making at the Louisiana Ex...
periment Station, E .. E. Olding, turned over to us a molasses
containing 28 per cent. sucrose, 29 per cent. glucose, and a purity
of about 32, ",vhich, afer standing in coolers seven ",veeks, gave
no sign of grain. About one-lialf of a ton of this molasses
,vas treated by us, personally, using chemicals that removed
all the gUlllS, and so-called amides, leaving only the glucose
and ash, \vith the sucrose. After treatlnent, the clear sirup
,vas boiled do\vn in a small pan, \vhen small grain formed.
A part of this masecuite \vas put into earthen\vare vessels and
let stand for seven \veeks, \vhich ",vas, unfortunately, under the
most unfayorable conditions for crystallization; yet a fine crys
tallization appeared, and ",vhen dried at the centrifugaIs, 53.5
per cent.. by \veight, of the sucrose \vas obtained, \vhich reduced
the sucrose, in the Inolasses used, from 28 per cent. to 13 per
cent.. This experiment sho\ved that the gun1s and amides \vere

the bodies ",vllich ,vere largely preventing the crystallization,

and that the glucose did not prevent the surcose graining after

the gnn1s ,vere tllro,vn out. l~pplying the resl,llts of that exper

inlent to the consideration of our Inolasses, ,vhat indication is
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given? OlJr molasses contain, approximately, 10 per cent.
more gums, and rather less than one-half the glucose found in .
the Louisiana molasses. This difference of composition per..
suades us, that it is not possible to boil our molasses as lo\v in
sugar as some other countries do. ~roreover, this difference in
the nature of the impurities could, in a measure, account
for the variation of sugar content in our molasses. In looking
down the column of the nitr'ogen contents, ,ve find a variation
between 0.2 per cent. and 1.78 per cent. This difference is,
in part, due to the variation of the nitrogen in normal cane
juices, \vhich ,ve found to be from 0.016 per cent. to 0.056
per cent. in healthy canes. It is probably more largely due
to the different states of maturity of the cane when ground.
If the cane is very immature, tIle nitrogen is largely present
in the amide bodies, \vhich are not taken out by clarification,
but go right through to the molasses. In ripe cane, the nitro
gen is largely in the form of albuminoids, which are coagu
lated in the clarifiers and go to the filter presses, and the nitro
gen is found in the press mud. N o",v, if the nitrogen in the
molasses is amide nitrogen, \vhich ,ve have taken care to ob
serve, and ,ve multiply the amount by the number 9, ,ve get the
proportion of amides, \vhich sho",vs that our molasses vary in
their content of amides bet,veen 1.8 per cent. and 16 per cent.
"Te have already explained, in the report on fertilization, that
this vast differenee in the nitrogen content accounts for tIle vary
ing values of molasses as fertilizers.

If ,ve use the molasses as an indicator of the merit of the
'York in the sugar house, ,ve must consider the quantity as ,veIl
as the quality of the molasses made. The character of the
cane, ho,vever, is a main factor in this consideration. In reply
to certain inquiries made by us, ,ve received very definite data
from ~fr. John Dymond, editor Louisiana Planter, ,vhose
authority in sugar economics requires no comment. ~Ir.

Dymond says, "good practice in our vacuum pan houses is to
turn out as little as 30 gals., or 3GO pounds, of molasses to "a

ton of sugar." Further, "estimating the yield of sugar from a
ton of cane at 166 2-3 pounds, this ",vould result in 30 pounds,
or 2-! gals. of molasses to the ton of cane, \vhich is bllt 1.5 per
cent of molasses o~ the ,veight of the cane, and is very close
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·work." 1\fr. Dymond adds, "I think but very. fe,v people

reach as close a production as this." 'Ve have not data enough
to enable us to say ,vhat our production of nlolasses to the ton
of sugar is. ~Ir. ~forrison informs us that 1\faka,veli .has made

22 gals., by volume, to the 'ton of sugar. In a statement from
I{ealia, the "final molasses" is given in ,veight and amonnts to
2,010,080 pounds, ,vhich, if divided by the "\veight of a gallon

of molasses, gives 167,506 gallons. If this volume is further

divided by the total number of tons of sugar made (7540 tons),
this gives us 22 gals. of lTIolasses to the ton of sugar, ,vhic,h is
precisely the volume given by nIr. ~Iorrison.

These sets of data are both from diffusion honses. ,Vc kno,v

that the battery lp-akes more molasses than' the n~ill, so that
\vith the aid of general statements fronl mill houses, and the
definite data from the t,vo diffusion houses, and the kno,vn

character of the cane ,vorked by the latter, ,ve are led to put
our n101asses production at 18 gals, to the ton of sugar. Re
turning to )Ir. Dymond's statements, ,ve find that he estimates

the yield of sugar per ton of cane at 166 2-3 pounds, "\vhich
means that 12 tons of ca.ne makes one ton, of sugar, and 360

gallons of molasses The tons of cane on these islands to the

ton of sugar is only approximately kno,vn. ~Ir. !Iorrison, for

this year, says, "6.85 tons cane to one ton ·of sugar." Others

require less and many more. 'Ve are persuaded that the av

erage lies bet\veen 7.5 tons and 8 tons of cane to one ton of

sugar, and in fralning a comparison bet\veen Louisiana and Ha

\vaii, ,ve shall use 8 tons as our factor and compare ,vith the

figures furnished in ~Ir. Dymond's statement:

Country. Cane
Sugar in 1\fo-

Sugar l\Iolasses lasses per
Ton of Sugar

Louisiana ...... 12 tons 2000 1bs. 360 1bs. 86.4 IbB.
Ha,vaii ...... . 8 tons 2000 lbs. 216 Ibs. 76.68 Ibs.

The great extremes of conditions obtaining bet\veen Louis

iana and Ha,vaii, do not permit us to make much further com

ment. In noting the conlparison, ho,vever, ,ve must essentially

bear in mind the vast degrees of difference bet'Yeen our cane

.and that of. Louisiana, "\vhich ,ve have already set forth.
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In conclusion, ,ve suggest that certain of the statements of
manufacture, offered for our use by several mills, be published
in their entirety. The data which they contain are of great

value, yet they are too voluminous ~o be included in this report.

LABORATORY REPORT.

Ha,vaiian Experiment Station and Laboratories,

October 1, 1896.
Dr. Walter :1Iaxwell, Director:

Sir:-Following is a statement of the ,vork done in this
laboratory since its establishment in 1Iay, 1895:

1. SOILS- No. OF ANALySES 117

Physical properties.
Fine and Ooarse Earth.
Lime.

Phosphoric Acid.
Potash.
Nitrogen.

2. FERTILIZEHS-No. OF A~ALYSES -173

"Tater.
Phosphoric Acid (available and total).
Potash.
Nitrogen.

3. SUGARS-No. OF ANALYSES .

This included the per- cent. ash, and in
many cases the nitrogen, moisture, &c.

23

4. l\10LAssES--No. OF ANALYSES " 20

Oontent of
Sucrose,

lIoisture,
Ash,
Nitrogen.
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5. \VATEHS-No. OF ANALYSES . ,
These analyses \vere made for special

ingredients in 1110st cases to deterlnine the
suitability of the \vater for irrigation pur
poses.

7

f). CANE AND CANE JlncEs-No. OF ANALySES.... 20

The a"nalyses usually included t\VO or
nlore lnineral elements.

'rotal 1111111ber of analyses. . . . . . . . . . . . . . . . . . . . . .. 360

7. :\IISCELLA~EOU8--

a. In the month of ~Iarch the fii~st assistant
chClnist spent several days at ~Iaka\veli,

J{auai, and Inade an investigation as to the
nitrogen content of Inill and diffusion juices
'rhe results of this investigation appeared
in the June nunlber of the "Planter's
~Ionthly."

b. Several days \vere spent at ,vT aianae
Plantation, in l\.ngnst, testing the effect
of a preparation of phosphoric acid on clar
ification and considering the co~ditions

necessary to a luore perfect filtration. 'rhe
reslllts of the observations are given in the
report Illade to the I)irector.

c. J)nring the cholera epidemic in 1895 the
use of the laboratory ,vas offered to the
Board of IIealth, and various investiga
tions, including an exalnination of the
IIonolllln ,vater supply, (\:c. \vere carried
on.

Respectfully subnlitted,

J. T. CI~A'\TI~EY,

lTirst Assistant Ohenlist.
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