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Developments in Irrigation Practices

By H. A. WADSWORTH AND H. R. SHAW

Although the practice of irrigating sugar cane in Hawaii is
essentially as old as the sugar indu~try itself, efforts to improve
the common method of contour line irrigation, which apparent
ly has been standard since the beginning of the written description
of local sugar culture, have been surprisingly recent. It is evident
that the early plantings of Parsons at Lahaina must have "been
irrigated, but little is known of the methods actually employed
except that sugar cane irrigation was incidental to taro culture.
Nor is it possible to describe the methods used in the early at
tempts at Koloa, although some feasible method must have been
developed there or elsewhere on Kauai to j usti fy the Lihue canal,
which, after the usual vicissitudes of pioneering water companies,
began delivering water in about 1857.

First mention of an attempt to refine the original methods of
irrigating cane, whatever those methods may have been, is to be
found in the interesting and human account of George 'vV" vVil1
fang, who came to \iVailuku Sugar Company as manager in 1868.
Apparently the new manager saw opportunities for improvement,
for soon after his arrival he reports trying an experi1Jlent "which
involved trenching before planting and striking a water level for
each trench cut for planting the seed." He simply remarked
that the method worked well but gives no further details; nor
doe~ he give any description of the method in use before that
time. The similarity of this general scheme to the present com
mon method of using contour lines supplied by watercourses and
level ditches is evident. Moreover, with the outstanding exception
of the long line method developed primarily at Kilauea, Kauai, the
newer methods described and il1u~trated by W. P. Alexander in
1923 seem to be but modifications of the same general principle
of contour line distribution.

Whether recent interest in new methods of irrigation is pri
marily due to an ever increasing water cost with each new de
velopment or to the increasing demand for economical use of
labor in view of a low sugar market need not be considered.
The fact remains that considerable effort has been expended
since 1920 to devise substitute and alternate methods of water
distribution for use in areas where topography or available head
of water permits. It is the purpose of this paper to consider
these methods in so far as available data allow and to describe
the conditions under which each seems most promising. From
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experience elsewhere it appears that no single method can pc
sibly be most desirable under all conditions. Local characteristi
such as topography, character, and thickness of soil, available he
of water and, possibly, the expected yields of cane, may all i
fluence the selection of a method of irrigating a particular an
l\Jethods described should be considered as ,supplemental to t
general scheme of plantation irrigation and used when local con,
tions' give promise of greater efficiency of labor and water th
those enjoyed under the method now in force. With a continuati
of the progressive spirit shown by plantation managers, we 111:

in time, acquire ufficient knowledge of the advantage.' and limi
tions of each method of irrigation, that local situations will
completely utilized and di appointments avoided.

}]AW.\TI.\N CONTOL:R SYSTE~I .\;\U ITS l\!ODIFfCATIONS

The continuous and successful use of the contour system
irrigation during the past 50 years may be attributed largely
the fact that with this method water may be applied to practlca
any terrain. In this regard, the contour system approaches u
versaI application. nder some conditions, however, the Cl

tour system leaves much to be desired in economy of labor a
water. For many years an average of 1.0 'acre irrigateCl per 111:

day throughout the crop has been considered extremely satisf
tory.

The standard Hawaiian contour system in which fur;'ows
to 5.0 feet from center to center are ,irrigated in succession fr
watercourses 30 to 40 feet apart ha long been the basic irrigat
system. In attempts to increase the efficiency of labor and
water distribution. many modifications of the contour wst
have been introduced. A simple modification used on sev~

plantations is to irrigate every other furrow as the water proce
down the watercourse. The remaining unirrigated furrows
then watered as the irrigator works back to the head of
watercourse. In this way each watercourse area is compie
with the irrigator at the level ditch where the water can be s
off quickly.

Oahu Sugar C0mpany and Waianae Company during the I
year have adopted the practice of eliminating every other wat
course, The furrows on one side of the watercourse char
are irrigated in succession. The furrows on the other side
the watf'rcoursp are watered as the irrigator works back tow
the level ditch. The system differs from the two-way method
which water is diverted simultaneously into furrows on b
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sides of the watercourse in that only one furrow is irrigated at
a time. The stream of water is no greater than with the usual
one-line system previously used. This method, like that dis
cussed above, has the added advantage of allowing the irrigator
to complete his work at the level ditch. Considerable cane area
is evidently saved by planting the space formerly occupied by
the alternate watercourses. An economy of labor and water
has been realized by those using the method, since the time
required for the transfer of the irrigator and his water from
one watercourse to another is halved.

CUT-LEE METHODS

It has been a customary practice for many years on several
plantations to cut the ridge between furrows so that two or more
lines may be irrigated as a unit. The advantage usually c1aime~

for this method is that it allows the irrigator more time to weed
and cultivate the area, and that in mature cane greater assurance
is given that the lines are completely filled since the water returns
to the watercourse.

Plantations on which the supply of water may be limited have
felt, in general, that cutting more than two lines results in ex
cessive erosion of furrow and ridge, a poorer distribution of
water, an actual loss of water due to excessive percolation at
the head of the first furrow, and little, if any, saving in labor.
Several plantations occasionally make use of the cut-line method
in the economic use of freshet water since relatively large heads
may be rapidly handled and sayed from waste. Under normal
conditions these plantatiol13 revert to the use of the two-line or
four-line methods.

Pioneer Mill Company has harvested an interesting compara
tive test between the practices of irrigating two lines, five lines,
ann ten lines as a unit for three successive crops. The experi
ment is installed on an extremely rocky field with shallow soil
and very little ridge between furrows. The five-line and ten
line methods have consistently shown a greater consumption of
water but have also shown a higher yield of both cane and sugar
than have plots under the two-line treatment It is important
to note, however, that the plantation management interprets the
higher yields as being due to the greater amounts of water applied
rather than to the method of application. The usual two-line
method is being continued at Pioneer, except during freshets,
but the furrows are made larger in order to accommodate heavier
applications of water.
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The results of the 1928 and 1930 harvests of this experiment art
reviewed as follows:

TABLE I

CU'l'-LINE IRRIGATION TEST

Pioneer Mill Company Field MC·3

Method

Two-line _ .
Five-line .
Ten-line_ _.._ .

Tons Cane per
Acre

1928 1930
49.10 59.64
.34.10 61.76
~0.82 71.16

Tons Sugar per
Acre

1928 1930
6.73 8.06
7.45 8.46
8.51 9.49

Water Applied in
Acre Inches per Acre

1928 1930
74.69 78.39
80.67 77.15
85.21 88.1P

The following communication from H. B. Penhallow of \iVai
luku Sugar Company describes a modified cut-line method of ir
rigation recently developed on that plantation:

The Wailuku controlled Huli irrigation s~'stem is an adoption of straight
line multiple irrigation to contour line plantings. 'Water is applied to the
cane rows by utilizing in general e\'ery other watercourse in a two-way
layout. The uppl'r section of the two watercourses in each unit r('c()iYe~

water direct from the 11'\'1'1 ditch; the- following sections in the unit arE
irrigated from water flowing in the watercourse which is diverted at the
same time at the proper intenal in the- watercourse by use of panis and
from any surplus water "'hich may overrun the precedillg section. Ap·
proximately ten lines on each side of the supplying watercourse is thE
standard unit used for a section, and as Ulany watercourses as the level
ditch can supply and as many le\'el ditches as the operator can supervise
is the area it is possible to irrigate at one time with one laborer. Th(
capacity of the supply ditches limits the area which can be irrigated a1
one time to ad\·antage.

The principal merit of this Wailuku irrigation system is that it can b,
used in the fields as at present laid out in the standard contour system
It saves labor, by materially reducing the number of irrigators required
It is economical to in tall. It allows thl' rapid distribution of water over 1

larger area than pre,iously possible, with a minimum of labor required, aU(
in general has most of the ad,antages of the multiple irrigation systeml
now being installe-d, but which cannot be put in until the fields ha\'e bel'l
planted to the new method.

Waimanalo Sugar Company and the Honolulu Plantation Com
pany are conducting experiments in which figures on water an(
labor consumption under the cut-line system are being compiled

Other modifications of the cut-line method which have beel
reviewed in previous reports are the Ewa U system, the Grov.
Farm system, and the Kekaha system. With the Ewa U system
water is diverted imultaneously into two line on either side 0

the watercourse. The water flows in the furrow for 30 feet, i
cut through the ridge to the econd line, and flows back to th
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watercourse. The Grove Farm system employs two cuts in each
ridge, the water flowing into four lines as a unit. Kekaha Sugar
Company, on its 1Ilauka land, u es a dam of bags or trash from
which water is diverted two ways and is cut through four lines,
thus allowing eight lines to be irrigated as a unit.

THE KOLOA SYSTEM

Four years ago a series of experiments on the plantation of
the Koloa Sugar Company convinced the management that in
crea ed yields would result from more frequent applications of
irrigation water,. although the tandard contour system then in
use would not permit more rapid rounds of the fields without a
prohibitive increase in labor. In an attempt to solve this problem,
the plantation staff .combined several features of irrigation sys
tems used in various districts of the Hawaiian Islands. The
resulting method of irrigation is termed the "Koloa System."

The Koloa system employs watercourses 60 feet apart. from
which water may be diverted at both sides, into furrows 30 feet
long. The head of the furow is built higher than the watercourse
so that the water is' retained in the furrow after the water len~l

in the channel is lowered. Diversion into the furrows is accom
plished by means of a wooden framework covered with burlap
bagging. When two furrows have been irrigated, the portable
dam is pulled down the watercourse to a position opposite the
next pair of furrows. and the lines thus irrigated in succession.
The use of the portable pani is made possible by the practice of
pushing back the cane along the watercourses. A much larger
stream of water is employed than is customary with the usual
contour method.

The pa"t year has seen an increase in the use of the Koloa
system throughout the Territory. The popularity of this method
of irrigation may be attributed to several factors:

1. The usual contour system may be converted to the Koloa
modification with minimum effort. It has proven feasible to
change ratoon fields to the Koloa system with a minimum of ex
pense.

2. The Koloa system retain the basic features of the con
tour system. It has been comparatively simple to train the
laborers in the technique of applying the water efficiently.

3. Greater speed in the application of water. due to the larger
stream and to the open watercourse, results in more rapid irriga
tion rounds.

4. Effective cane area is increased by the elimination of every
other watercourse.
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The Koloa system has not been univer.'aIIy successful, how
ever, and it has become apparent that this method of irrigation
cannot be used with maximum efficiency on all types of soil. The
most serious objection to the Koloa system in some quarters is
the erosion of the watercourse caused partly by the larger streams
of water which are used and partly by the result of dragging
the pOlli framework on the sides of the channel. The Koloa
system has operated at its best on heavy soil which has sufficienl
nutgrass to prevent much of this ero.~ion. The Koloa plantatior
foIIows the practice of making a new channel in the middle oj
the watercourse area after the third ratoon crop, and of fillin~

and planting the old watercourse.
Difficulty has also been experienced with the Koloa system OF

level land. Under such conditions the head of water in the water
course is frequently high enough to fiII several lines at a time
resulting in semi-flooding. A the head of water is lowered b:
moving the pani down the channel, water flows from the furro~

into the watercourse again. It should be noted, however, tha
such flooding is not unusual on level land and is commonly ex·
perienced with the usual contour methods. On land for which
the Koloa system is adapted. little difficulty has been experiencec1 ~

on steep hiIIsides if the watercourses have been prepared care·
fuIIy. Kahuku Plantation Company, in particular, has used th
Koloa system successfully this season on severe pali slopes. Co;~

siderable time and effort is expended on the preparation of thei
watercourses, and the head of each furrow is protected by tras
bundles (Figs. 1 and 2).

Several types of pam's have been developed by various plant;.
tions using the Koloa system. Hawaiian Commercial and Sug;
Company uses a framework of fence wire which is much light!
and more easily handled than is the wooden frame. Kahuk
plantation employs a smaller pani in mature cane in order .
avoid breakage of the cane during irrigation. Koloa plantatic
has developed a pani for use in new plant fields (Fig. 6). 1'1.
wooden frame shown in the figure is of box shape and rest c
top of the watercourse. It is lifted and carried from one positic
to another, thus avoiding contact with the sides of the chann
until the soil is l>ackecl.

It is impossible to consider the Koloa system without reviewit
the merits of pushing back the cane on level ditches and wate
courses, as the two procedures are necessarily closely aIIied. 1'1
previous practice on the majority of plantations has been to pu.
back the cane on level ditches only, if at all. Many field ml
reason that the advantages of pushing back the cane overshado
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the disadvantages. Indeed, the opinion has frequently been ex
pressed that the greater speed of irrigating by the Koloa system
is due more to pushing back the cane than to any other "feature
of this method.

The advantages commonly claimed by those who practice push
ing back the cane from the watercourse channel are:

1. ~ ece sary labor is reduced because of greater ease with
which men may work in mature cane.

2. Water economy is increased because the cane does not
restrict the flow of water.

3. Better supervision is possible.
4. There is less breakage of cane during irrigation.
5. Open watercourses make for greater facility 111 fighting

cane fires and in making firebreaks.

Some of the objections to this practice are:

1. There is an increased growth of "suckers," due to in
creased exposure, with the possibility of juices of lower quality.

2. Stalk mortality is increased due to shading of watercourse
area.

3. \iVeed growth is increased in watercourses.
4. ome cane is broken during the pushing back operation.

There is a divergence of opinion as to the proper time and
methoJ for pushing back the cane. Many plantations follow
the practice of pushing back at one time after millable stalk has
formed and after the ground is soaked by rain. Others prefer
to train the cane gradually after every irrigation. The latter
method is difficult to accomplish without breakage jf the irriga
tors precede the water and attempt to push back the cane in dry
soil.

EWA BORDER METHOD

This method of cane irrigations, already adequately described
by Renton and Bond at the 1930 H. S. P. A. meeting, is the
only one of the common flooding systems to find extended use as
yet, in sugar cane irrigation. When this method is used, low
levees or ridges divide the field into long, narrow borders or
panels which ordinarily run at right angles to the contours. At
Ewa, where the local use of the method was begun, the levees'
are about 20 feet apart while the length of the borders varies
from 300 to 1200 feet. Cane is planted in straight rows parallel
to the levees and at a spacing of 40 to 5 feet. Each border
consequently carries four rows of cane, each row running the
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full distance between the supply ditches which serve successiv
tiers of borders. When irrigating, a stream of water, whic
may be a large flow under Hawaiian practice, is turned into th
upper end of the border through a simple headgate. Since th.
border is level from side to· side in theory, adequate distributio'
from side to side may be expected, while the slope down th
border carries the water as a thin heet to a point some distanc
above the end where the water may be turned off. The remainin1'
section is irrigated by drainage from above after the inflow stop_

From such a scheme of distribu1ion it is evident that th
economic length of borders, under conditions of deep, uniform
well-drained soil, should depend upon the slope of the border 01

its center line, the rate of percolation of water through the soi
and the rate at which water is admitted from the supply ditcr
lVlany measurements of the rate of advance of water over well
prepared borders upon varying slopes have been made in Cali
fornia, with results similar to those shown in Fig. 7. Here thr
advance during the first few minutes of operation is rapid sino
only a relatively small area is subject to loss by seepage. A
this area increases by further advance, the rate of progre s dowl
the border naturally decreases. After 8 hours, as given for th,
conditions in Fig. 7, the rate of percolation in the wetted are:
approximately equals the rate of inflow and no significant furthe
advance is possible. When the head of water used ·in the deter
mination of such curves as that in Fig. 7 is. known, it is possibh
to decide upon the required length for surface application of an:
amount with some degree of precision. Such studies in Cali
fornia have e tablished a schedule of desi rable relations betweel
soil type, center line slope and available head of water, which i
giving continued satisfaction.

As usual, however, mainland findings must be modi fied fo
Hawaiian conditions. No such simple curve as that given in Fig
7 has been reported at Ewa. Fig. 8, from Renton and Bon
indicates that after a few minutes of operation the distance t(
the advancing edge of the water on Ewa borders i roughly pro
portional to elapsed time and the simple conception that the rat
of percolation is equal in all soil horizons no longer holds. Al
though no quantitative evidence is available, it seems probabl
that a relatively impervious subsoil reduces the rate of seepag
when the surface soil has been wetted. The presence of such
stratum would result in a rate of flow curve as in Fig. 8 an,
eliminate the possibility of determining the economic lengt
for borders a mentioned above.
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Local conditions are still further complicated by the fact that
rate curves as indicated in Fig. 8 and determined upon a bare
or newly planted border are of little value when recumbent cane
and trash accumulations tend 'to retard the flow In fact on one
plantation this resistance to flow has become 0 marked in some
cases that borders have been cut to 300 feet in, length The neces
sity for building levees of sufficient height to withstand the pond
ing caused by such obstruction requires the building of ridges
to a size which seems excessively large during the first flooding
of the newly planted cane.

Experiences with low levees and consequent lack of water
control with old cane on some plantations has suggested the use
of borders 21 feet wide in place of the more common 20 feet.
It is proposed that such border carry the standard four rows
on the usual spacing and that the additional foot of width be
devoted to a wider based and consequently higher levee. Loose,
newly built ridges, if erected by some form of crowder or ridger,
often settle to half their original height within their first year
of service.

In continental United States the use of the border method is
confined to slope ranging from .05 foot per 100 to 0.5 foot
per 100 since experience indicates that erosion occurs when
slopes steeper than these are used. Moreover, flat areas are
irrigated by other methods because of faulty distribution which
results from the border method on deep, uni form soils and flat
slopes. Experience in Hawaii indicates that much more flexibility
with respect to grades is possible under local conditions At Ewa
grades up to 3.0 feet per 100 have been successfully irrigated
by the border method with only light evidences of erosion,
while on the thin soil of the coral fields essentially flat areas are
irrigated by this means Reasons for the wide range of slopes
applicable to the border method in Hawaii cannot be confidently
given. A relatively dense subsoil which may minimize erosion
may be partially responsible for the satisfactory performance on
steep slopes, while the coral-rock base may explain the distribu
tion noted on the flat lands. Until a more comprehensive under
standing is possible, it would seem wise to limit new installations
to areas carrying slope of about 2.0 feet per 100 and to expand
into other topography as experience warranted.

Without exception, the plantations using the border method.
havet greatly increa ed the area irrigated per man-day. Ewa has
been able to reduce its staff of irrigators from 96 to 22 men on
fields under the border method. Although data on water con
sumption by the border method are limited, it is generally con-
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sidered that with the present refinement in land leveling th
border method requires a greater application of water through
out the crop than does the contour method. Ewa estimates at
increased water consumption by the border method of approxi
mately 10 per cent, although differences in the points of measure
ment may not do justice to that method.

Renton and Bond, in their able report on the irrigation develop
ments in the Proceedings of the 1930 meeting of this Associa
tion, compared depth of application and labor figures on thret
fields of the Ewa Plantation Company. Although these field
have not yet been harvested, it is possible to bring these figures tl
date. Table II summarizes the depth of application and thl
area irrigated per man on three distinct types of land. It wil'
be noted that the efficiency of the border method of irrigati011
seems largely dependent on the slope. On level land with ,
heavy nutgrass infestation (Field lOB) the application of watel
by the border method averaged 1.0 acre inch per acre highel
than the contour method of each round. The area irrigate(
daily by the border method was inl the ratio of 3:1 over the con
tour system. On extremely flat, shallow land (Field 22A), tht
applications of water to border and to contour plots were essen·
tially the same until big cane was formed. After this time tht
border method required much larger applications of water due
probably, to the increased resistance offered to the water by thl
cane stalks and trash. It i on fields of this type that Ewa ha~

decrea ed the length of the border in an effort to reduce th
applicqtions of water. Although the average acres irrigated pe
man day for the first 22 irrigations favored the border methol
by a. ratio of 7 :1, the last three irrigations in big cane showet
little difference between the two methods. According to thes
figures, compiled by the agricultural department of the Ew
Plantation Company, the border method appears to operate a
maximum efficiency on land having a slope of from 2 to 3 pe
cent (Field 23C). ot only was the labor saving in favor 0

the border method as compared with contour lines in the ratio 0

15:1 under this condition, but the application of water to th
borders was actually less than that applied to t.he contour plots.

Little investigation has been made of the distribution of moi~

ture in the soil on different types of borders, nor in the distribt
tion of moisture from point to point within the border. Til
agricultural department of the Ewa Plantation Company he.
completed a few studies on the depth of penetration of wat<
in the soil on long borders as compared with short borders 0

the same slope. The results of these investigations and the'
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interpretation by the plantation are published in Table III and
the following paragraphs by courtesv of the Ewa Plantation
Company. It would seem that this type of inve tigation is well
worthy of further prosecution on plantations which are develop-
ing the border method of irrigation.

TABLE II

Ewa Plantation Company

Comparison of the Border Method of Irrigation with the Contour 1ethod

FJELD 10 B FJELD 22 A FIELD 23 C
(Heavy grass, les than (ExtTemely flat, shallow (Two per cent slope)

one pel' cent slope) soil)

Irr. Acre Iuches ACTes per Acre Inches Acres per Acre Inches Acres per
No. Pel' Acre Man-Day per Acre Man-Day Pel' Acre Man-Day

Border Contour HordeI' C.ontoor Border Contour Border Con tonI' BO<'der Contonr Border Contour

1 3.11 2.58 2.02 0.97 5.66 3.94 5.76 0.80 2.69 0.94 0.75 0.93
2 2.91 1.55 3.80 1.43 4.93 1.84- 7.11 0.93 0.82 1.14 4.66 1.34-
3 3.03 2.19 8.23 1.14 5.05 2.30 8.23 1.14 1.18 0.70 9.19 1.05
4 3.10 1.91 5.69 1.73 3.83 2.20 8.72 1.22 0.94 0.90 6.50 1.24-
5 4.16 2.26 5.21 1.21 3.68 2.67 9.89 1.26 0.88 1.51 5.49 0.90
6 4.06 2.25 3.86 1.22 3.87 3.22 11.'59 1.34 1.05 1.45 5.97 1.15
7 4.59 2.55 4.34- 1.30 4.01 3.26 9.12 1.2 1.15 1.07 20.68 1.05
8 3.40 1.90 5.00 1.36 4.44 4.05 10.26 1.12 1.60 1.13 17.12 1.20
9 3.09 1.44 4. 8 1.39 4.12 3.34 11.40 1.3"5 1.40 0.95 20.17 1.24

JO 4.36 2.19 4.50 1.30 4.94 4.66 8.92 1.28 1.54 1.79 17.76 1.27
11 3.13 2.06 4.34- 1.30 5.31 .86 11.22 0.92 1.27 1.70 1 .23 1.24
J2 4.4 3.05 4-.20 1.30 .4 8.1 7.34 1.26 1.55 1.75 23.88 1.34
13 4.21 3.67 3.66 1.11 7.77 .17 7.94 1.13 1.14- 1.74 24.94 1.47
14 5.40 3.57 3.72 -1.12 7.95 6.03 .07 1.32 1.37 1.4 25.21 1.64
15 5.40 3.87 3.28 1.12 7.06 6.57 9.02 1.26 1.24 1.45 28.94 1.91
16 4.34 4.27 3.78 1.06 6.96 .48 8.52 1.J 1.42 1.60 21.56 2.10
17 4.12 4.60 4.42 1.09 .20 7.32 6.76 1.10 1.31 1.80 24.11 1.89
J8 5.60 4.80 3.28 0.97 8.33 6. 2 6.46 1.12 1.02 2.43 29.32 1.86
19 5.65 4.19 3.04 0.95 13.74 6.0 4.10 1.22 . 1.54 2.50 18.70 1.79
20 4.47 4.49 3.66 0.94 13.13 4.02 3.74 1.64 1.46 2.85 22.62 1.87
21 6.20 4.72 3.43 0.93 13.31 4.82 3.31 2.00 1.87 ~"ti5 11l.53 1.91
22 5.34 4.57 3.06 0.93 12.05 8.56 3.32. 1.09 1. 0 2.78 17.76 ~.O:;

23 5.12 5.48 3.04 0.93 21.11 4.62 1.05 1.18 1.97 2. 2_ 18.10 1.94
240 6.0 4.74 2.76 0.99 18.40 5.38 1.0 1.00 2.08 3.33 1~.10 1.84
~G 6.32 5.14 2.89 0.97 2.38 3.50 16.38 1.90
25 5.48 5.39 2.87 0.96 13.02 6.56 0.79 1.03 2.14- 3.15 16.70 1.94
27 5.90 4.72 2.88 1.00 2.14 3.95 19.79 1.90
28 5.25 4.64 2.84 1.02 3.32 4.37 15.48 1.88
29 6.99 4.51 2.67 0.96 2.88 4.22 11.5~ 1.86
30 5.33 5.20 2.76 0.94 3.18 5.05 14.01 1.81
31 6.40 5:31 2.67 0.99 2.69 4.76 14.24 1.76
32 6.17 4.62 2.60 1.00 3.05 5.84 12.12 1.75
33 3.74 12.71

TotaL153.19 11 .43 ...... 209.71 131.95 59.31 77.30
Avge... 4.79 3.70 3.73 1.11 8.39 5.28 6.95 1.21 1.81 2.42 16.70 1.59

3
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TABLE III

Ewa Plantation Company

Depth of Penetration, Long Versus Short Borders

Soil Moisture After First Irrigation

Soil Moisture on Per Ceut Dr)- Basis

Depth in Long Short Difference for
Inches Borders Borders Long Borders

Per Cent Per Cent Per Cent
0 to 6 29.4 28.8 +0.6
6 to 12 30.4 26.6 +3.

12 to 18 30:3 25.3 +5.0
18 to 24 28.8 23.9 +4.9

Average 30.0 26.2 +3.8

From the abo\"(' one would conclude that the depth of penetra tion f,
the first irrigation is not much over 6 inches in the short borders. In tJ
longer borders the penetration reaches at least 2 feet or more.

Previous soil moisture studies in Fields 19A and IF found the maximu
field capacity to be 30.3 and 29.9 per cent, respectively. The wilting c
efficients in these same fields were 23.6 and 22.8 per cent, respectively.

If these fields may be used as a criterion for 23B soils, we may th(
say that the long borders received an ample irrigation for big cane whi
the short borders did not. In fact, below the 18-inch level in the sho
borders, the moisture content is approaching the wilting point.

Soil ~foisture After Sixth Irrigation

Soil Moisture in Per Cent Dry Basis.

Five and Six Days After Sixth Round

Difference in Favor of Lon
Borders

Deptll in Long Short After 1st After 6th
Inches Borders Borders Irr igatiOll Irrigation

0 to 6 27.92 28.77 +0.6 -0.85
6 to 12 29.36 28.73 +3.8 +0.63

12 to 18 29.67 27.02 +5.0 +2.65
18 to 24 28.72 26.44 +4.9 +2.28

Average 28.92 27.74 +3.8 +1.18

The per cent moisture in the short borders is ,,"ell abo,"e the wilting c
efficient. During the course of six irrigations, the soil is thoroughly wet
a depth of 12 inches instead of 6 inches as after the first irrigation. At
depth of 18 inche the moisture has inereased 2 per cent and at 24 inch
3 per cent.
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ADVANTAGES AND LnUTATIONS OF THE BORDER METHOD

Desirable as the unmodified border method may be under
certain conditions, it is evident that on most plantations it can
only be a supplemental method which may be used 011 the flat
ter fields and in situationo. where ditch capacities make 2-4 m. g.
d. or more avaliable. Moreover, a certain uniformity in direc
tion of slope is essential if convenience of operation is obtained
since greatest economy in preparation can only be secured if thc
borders run directly down the steepest slope. The advantagcs
of large rectangular blocks of paral1el borders are evident.

Advantages in economy of labor and in the cost of land prep
aration have already been discu sed by Renton and Bond a
wel1 as in the schedule given above. Another evident advantage
lies in the increased ease of harve ting due to straight rows and
the absence of contour furrows. The possibility of using 5 cane
rows on 4-foot centers in the 20-foot borders in view of thc
more uni form admission of sunlight in the symmetrical arrange
ment may deserve consideration. A smal1er percentage of farm
able land is occupied by ditches in the border method than any
common method of irrigation except overhead sprinkling.

Experience elsewhere indicates that care spent in planning
the position of the borders and in fixing the location of the
supply ditches is well repaid in economies of land preparation.
In most cases where low-valued forage crops are to be irrIgated
by this method, a contour map of the field is prepared before
work j begun. Such a map on a scale of 1 inch to 100 feet
and carrying a half-foot contour interval permits the cardul
study of a number of possible layouts before actual work in the
field is begun. mal1 economies in the operation of dirt-moving
equipment are sufficient to repay the cost of such a map. In
Cali foruia the cost of land preparation for the border method
of alfalfa irrigation varies from $45 to $75 per acre.

The necessity or desirability of such a base map in Hawaii may
wel1 be questioned due to the narrow borders in C0111mon use
and the consequent reduction of side to side leveling. Further
more, field maps showing the positions of level ditches, which
are essential1y contour lines, are normal1y available. The fact
remains, however, that a few hours study of the topography
and its possibilities may result in appreciable savings in the use
of dirt-moving equipment.

The ridging tools used on most plantations are of necessity
local developments since borders of this width are uncommon
elsewhere. In general, such tools consist of open-ended V frames
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drawn in the direction of the ""vider opening and forming a levee
or ridge on the line of draft as the accumulated material slips out
through the narrower end. Since the width of the wider open
ing is usually less than the 20 feet required for the border, due
to excessive draft in the larger tools, a zone of undisturbed soil
may be left in the center of the proposed border. This is usually
removed by a road scraper or a float of timbers or tructural
steel which is drawn down the border shaving off the high center
and depositing the material in the borrow-pits on either side.

It is possible that the disadvantage of low levees and the neces
sity of removing the high center discussed above, might be
obviated by the use of a crowder of sufficient size to cover the
entire border. Ewa Plantation Company and Pioneer Mill Com
pany have developed tools which accomplish this purpose.

Some of the ingenious locally designed tools for use in the
preparation of borders are shown in Figs. 16, 17, 18.

It is only natural that the installation of a method of lrnga
tion based on new principles and differing greatly from previous
experience in Hawaiian agriculture should encounter many dif
ficulties of installation and operation. In the widespread plant
ings to the border method during 1931, a number of obstacles
due to the soil type \:md the terrain have been met. Many planta
tions with loose, friable soils have found it difficult to maintain all
adequate distribution of water from side to side within the border.
This difficulty has been combated by the development of equip
ment which prepare a smoother bed by narrowing the borders
and by the u e of trash bundles in diverting the flow of water
frQm side to side (Figs. 9, 10).

Moreover, the use of the border system has entailed the de
velopment of new methods of cultivation. Because of the greater
distribution of moisture between the cane rows, weed growth
in the borders has been increased. As plow cultivation cannot
be practiced, since such cultivation disturbs the level of the border,
it has been necessary to develop methods of weeding which are
adapted to flat cultivation. Spraying has proved the mo t effec
tive means of removing weed growth from border planting.
Ewa Plantation and the Hawaiian Commercial and Sugar Com
pany have found oil sprays most efficient in eradicating weeds,
but the cost has proved a deterrent to many plantations. The
use of arsenic and other poison sprays seems promising and is
di cussed in detail in another paper to be presented at the cur
rent meetings. Among the mechanical methods of ,~eed eradica
tion is an animal-drawn cultivator with flat blades used by the
Ewa Plantation (Fig. 19). Hawaiian Commercial ami Sugar
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Company converts band- aw blades into 16-inch grubbing hoes
that appear to be effective.

'Whether it will be possible to cultivate and ratoon fields under
border irrigation so that the cane is not partially hilled up and
the side to side level of the borders thus destroyed is a question
that cannot be answered until additional area under this method
of irrigation have been harvested. It is hoped that by stubble
shaving and careful ratooning operations. the level of the borders
may be maintained. At its worst, it would appear that the di 
tribution of moisture for cane ratooned on border fields would
be far better than that on hilled-up cane under the contour method.

The border method of irrigation has been u ed with such
success on level land hitherto extremely difficult to irrigate, and
has hown such economy of labor in irrigation during the fir t
two years of its use, that its future development on areas for
which it is adapted seems assured.

MODIFICATIQ 's OF THE BORDER METHOD

In an effort to eliminate excessive weed growth and to con
centrate the water around the seed, the Hawaiian Commercial
and Sugar Company has developed a combination of the border
and long-line methods (Fig. 20). The plowed areas are prepared
for the border system in the usual manner. Four shallow fur
rows spaced 4.5 feet apart are then made down the length of the
border by mouldboard plows. From the time the seed is planted
until the time the cane clo e in, irrigation follows the long-line
method. After this time it is expected that the border will be
levelled and the area irrigated by the border method. 'Whether
it will be possible to level the borders in four months old cane
with a reasonable outlay of labor has not yet been demonstrated.
The method shows promise of conserving water and reducing
weed growth in young cane.

In localities where the border method ha been used on rolling
country, the width of the border has been reduced. On the Hawi
ection of Kohala Sugar Company, borders 9 feet wide and

containing two lines of cane have been used with success. The
water distribution from side to side appears more satisfactory
than with the usual I8-foot borders on similar terrain It also
has proved possible to irrigate slopes as great as 8 per cent with
out excessive erosion of the soil (Fig. 23).

Honolulu Plantation Company has planted considerable area
to a method of terrace irrigation developed on that plantation
(Figs. 24, 25). The terrace ,-which follow the contour of the
land, vary from 5 to 10 feet in width and from 400 to 700
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feet in length. The terraces are prepared by triangular wooden
drags (Fig. 26), drawn by 30 h. p. tractors, which level the
terraces and throw a bank on the lower side. On the steeper
lopes which have been prepared for the terrace method. it has

been found unnecessary to install headgates at each terrace a the
gradient of the ditch is such that the head of water may be con
trolled by trash panis in the field ditch. With young plant cane,
the stream of water delivered to terraces containing two or three
rows of cane does not appear much greater than that generally
delivered to single lines under the contour system.

TIlE LOKC-LINE METHOD

A different principle of moisture distribution is involved when
the long-line method as locally developed at Kilauea is used.
In such cases small streams are allowed to run in shallow, parallel
furrows for some considerable time (Figs. 27, 28, 29). Vertical
penetration is secured by seepage from the bottom, while lateral
spread from the furrows and into the dry zones lying between
them is provided by that complex and poorly understood phe
nomenon known as capillarity. An ideal layout for furrow irriga
tion provides for a uni form vertical penetration to the lower
surface of the root zone and such lateral seepage that the moisture
from one furrow meets that from the next. uch ideal condi
tions are rarely encountered. In general, under conditions of
deep, uniform soil, such as those sometimes encountered in Cali
fornia, the long-line method is usually characterized by excessive
penetration at some point in its length with consequent waste of
water or by dry zones between adjacent furrows.

When this method is used on deep, uniform, alluvial soils, the
furrows are necessarily drawn close together to in ure the
adequate moistening of the soil between them. An interval of
two feet between adjacent furrows is not uncommon on some of
the lighter soils on the mainland. Moreover, unsatisfactory lateral
distribution in such furrows can rarely be corrected by con
tinuing the duration of flow in the furrows since additional ap
plications of water simply carry the moistened zone to greater
depths and do not increase the lateral spread. Naturally the
existence of a dry zone between adjacent furrows reduces the
potential soil moisture reservoir and effectively limits root activity.

As has been indicated, an unexpected condition of some local
ubsoils first experienced at Kilauea, Kauai, where the method

was first used, and later apparently noted at Waimanalo and
Wailuku, seems to allow for greater lateral distribution and con
sequently permits a wider spacing of furrows than might be antic-

"



19

ipated. This peculiarity of local soils which seemingly permits
the complete wetting of the surface soil between furrows 5 feet
apart greatly increases the local usefulness of the long-line method
in sugar cane irrigation. Comprehensive studies of the distribu
tion of moisture under this method have not as yet been made.

Regardless of the method of irrigation used it is evident that
continued cane growth can only be expected if the rate of soil
moisture replenishment within the root zone, in view of the irri
gation interval and amounts applied at each round, equals or ex
ceeds the demands by transpiration and other losses. And obser-
vation upon a complete crop cycle from plant to harvest and , •
through the first ratoon will be necessary before reliable judg-
ment as to the effectiveness of the furrow method can be formed.
Such observations are now under way at Waimanalo; when
completed they should form a valuable guide. The fact that
the use of water by cane increases with the increasing size of
the plant can not be doubted. It is probable that more water
will be required by successive rounds due to the accumulated
trash in the furrows and consequently reduced velocities of flow.
Whether these two effects will prove to be so closely related that
they may be disregarded forms an interesting field of specula-
tion. A comprehensive study of growth measurements on typical
lines irrigated by the furrow method would provide valuable evi-
dence.

Ideal topography for the furrow method provides a field of
uniform and continuous slope free from internal swales and
closed depressions. In such a case the laying out is simple and
lines may be parallel and run from the supply ditch at the upper
end to the bottom unless excessive slope would result. In such
a case contour furrows on any prescribed grade may be establish
ed. Maximum lengths of 800 feet are ordinarily prescribed for
furrows elsewhere; the local maximum for economic operation
is not known. Unfortunately, few fields provide the uniform
slope uggested above. No great disadvantage seems to de
velop from minor changes in the grade of a furrow through
out its length, although reversals of . lope must naturally be
avoided.

Little is known of the limiting grades for use with this method,
although slopes ranging from 2 to 6 per cent have been success
fully used. Moreover, it should be possible to layout meander':
ing furrows on excessive and irregular slopes in such a way that
tolerable velocities are obtained and the labor economies of the
furrow method secured. Contour furrows on irregular slopes
have rarely been successful with other crops, due to unavoidable

/
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difficulties in attempts to fit furrows of approximately uniform
spacing and arbitrary grades to areas ca' 'yino- variable slopes.
In such cases lines naturally pinch out when the natural slope
becomes steeper. vVhen flatter slope is again encountered land
remains unirrigated or !lapa lines, which can only be supplied
with difficulty, are required.

The surveying work required in a rectangular layout is light
and consists e entially in veri fying the assumption that fur
rows running parallel to the edge of the field will run on a con
tinuous but not necessarily uniform grade. Natural slopes are
often deceiying, particularly when viewed from the top of the
field. When this simplicity of layout has been demonstrated,
the preparation of the field for planting and subsequent irriga
tion is evident. When contour furrows are used, considerable
surve,ying skill is necessary for best results.

Considerable attention has been given to the development of
methods by which the admission 6f water to the furrows might
be essentially automatic, the only manual operation being that
of turning the stream into a head ditch which deiivers water to
the furrows. E sentially these methods consist of dividing the
head ditch into sections by the in tallation of permanent over
flow crests, each one being carefully located with respect to posi
tion and elevation so that the water level in the stream bet\veen
anyone and the one above will always be high~r than the adjacent
cane furrow. Sheet iron pipes or wooden boxe are then placed
through the ditch bank at the heads of the furrows and at a given
height so that the pressure head and con equently the discharge.
will be the same in all cases. Increased discharge can be secured
by increasing the pressure head in the ditch ection by raising
the overflow crest. Ideal as the system seems to be from the
tandpQint of labor econonw, there seem to be certain disadvanr

tages to any scheme based upon a uniform rate of admission.
Lines on flat slopes require a larger head than lines on steeper
lopes, although the time required in the former case may be

relatively short: foreover, it seems improbable that a fixed
rate of inflow into a series of furrows, as determined by observa
titon upon a newly prepared furrow in bare ground, would be
adequate or desirable with old cane with its consequent trash
accumulation. This scheme of control, however, offers the great
advantage of a reenforced water takeout at the head of each fur
row, which eliminates the possibility of the. entire strea'11 ever
finding its way into a single line. Moreover, much finer control
of flow is possible when such pipes are provided than is possible
when open cuts are used.

.,



21

Possibly the greatest advantage of the long-line method is its
adaptability to mechanical preparation and cultivation. Waimanalo
Sugar Company, in a plant field prepared for long-line irrigation,
has been able to furrow, plant, fertilize, and cover in one opera
tion. It was also possible to irrigate imn;lediately behind the
planting machine. Kilauea Plantation has many fields which have
received six cultivations during the current crop in which no
hand labor was used.

A 30-acre experiment now in progre s at the \Vaimanalo Sugar
Company is designed to compare the long-line and the contour
methods of irrigation. The following data on the crop during
the first 13 irrigations show essentially no difference in the ap
plications of water and a considerable saving of labor by the long
line method. By observation, the stand of cane in the long-line
plots is decidedly better than in the contour plots.

TABLE IV

Waimanalo Sugar Company Field 22A

LONG-LINE vs. CONTOUR IRRIGATIO

Acres Irrigated per
Man-Day

L!)ng Line 'Contour
Irrigation
Round

1
2
3
4
5
6
7
8
9

10
11
12
13

Water Applied in
Acre Inches per Acre .',

Long Line Contour
0.73 1.45
1.26 1.19
1.66 1.58
1.55 1.47
1.44 1.42
1.61 '1.61
0.98 1.44
2.33 2.16
1.47 1.71
1.83 1.72
3.16 2.78
2.91 3.20
2.99 3.18

3.89
4.16
3.51
5.38
2.93
4.72
3.79
2.80
2.73
4'.95

1.48·
1.80
1.69
1.40
1.33
1.43
1.47
1.17

,1,31
1.36

OVERHEAD SPRINKLnic

Recent attempts to develop a workable and effective system of
irrigation by overhead sprinkling have hot been particularly suc
cessful, although the simplicity of operation and ideal sOil mois
ture control which should be possible promotes continued in
terest.

'With an ideal sprinkler containing sucl1 screens that clean water
only wouid be delivered to corrosion-proof nozzles and. with
sufficient. pressure to insure an economic area, from each instaUa
tion, it seems probable that a simple 'and efficient layout might
be designed. But such an ideal head· is not as yef available.
Moreover, with cane, particularly, it appears that head with a

4



22

large radius of coverage are desirable III vIew of the difficulty
of supervision and attendance in areas carrying a nearly mature
crop. Unfortunately, the trend among manufacturers of sprink
ling equipment seems to be toward the design of small efficient
sprinklers such as might appeal to the orchardist or gardener.
Although such manufacturers stress the uniformity of distribu
tion and flexibility which results from the use of small heads,
it seems probable that interest in the possibilities of heads of
large coverage has waned because of the pressure requirements
of such devices. It is evident that the only source of energy
available for throwing water over the desired radius of coverage,
lies in the pressure under which water is delivered to the head.
A simple computation indicates that a radial throw of 100 feet,
which is sometimes suggested as desirable, would require a pres
sure at the head which is' quite out of line with the limitations of
field construction. When this requirement is increased by the
necessary amount to provide for mechanical losses in the opera
tion of the head itself and in conveyance losses in the pipe line,
the distributing system alone becomes unreasonably costly even
if the difficulties of handling such pressures in field lines might
be met.

Only two alternatives seem open to progress in overhead sprink
ling in Hawaii. One of these involves the use of small standardized
heads which provide efficient coverage for radii of 35 feet under
pressures which are economically practical. The difficulties of
operating such heads in view of the small ports, through which
the water passes, and the constant attention required to keep
them from stopping in view of the detritus ordinarily found in
gravity water have already been mentioned. The other alter
native involves the use of heavy sprinklers of large capacity and
wide throw. Since most of the difficulty involved in such heads
lies in the construction and maintenance of the high pressure
distribution system which supplies them, the addition of energy
by means of a portable pump connected to carefully located low
pressure mains at the points of use seems to be one possibility,
unfeasible as it may seem. If such a scheme were attempted
a small multistage centri fugal pump with a capacity of about
35 g.p.m. under a pressure of about 100 pounds might be mount
ed on the power take-off of a small tractor. In operation such
a device might move down the lines of the low pressure mains
supplying the sprinklers in turn with the additional energy re
quired for their successful and economic operation. It is not
suggested that such a complicated procedure be considered with
out a most painstaking analysis of the apparent mechanical and
economic difficulties involved.

A summary of areas under diffierent methods of irrigation is
given in Table V.



TABLE V

SUMMARY OF AREA UNDER VARIOUS METHODS OF IRRIGATION•
As of September 1, 1931
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Ewa Plant. Co....................... 8,300 ........ ........ 6,622 ........ .. _- .... ........ 118 1,550 ........ ........ .... -. 10
Honolulu Plant. Co.............. 5,536 ........ 5,210 ........ ........ 53 ........ 47 170 ........ 56
Kahuku Plant. Co ................ 3,800 510 ........ ........ ........ ........ 2,850 440
Oahu Sugar Co .................... 11,500 5,500 ........ ........ 6,000 ........ ........
Waialua Agr. Co.................. 9,899 4,546 ........ ........ ........ ..... __ . 5,353
Waianae Co............................ 1,220 600 ........ ........ 620 ..,._--- ........
Waimanalo Sug. Co.............. 2,518 2,374 ...... _- _.- .. -.. ........ 8 ........ 136 ........ ........ ........ ...... ...... Nw

MAUl:
Hawn. C. & S. Co ................. 14,534 10,230 ........ ........ ........ ........ 3,711 32 490 43 28
Maui Agr. Co......................... 9,352 9,092 ........ ........ ........ ........ 235 ____ A, ........ 25
Pioneer Mlll Co..................... 9,817 ........ 9,735 ........ ........ .... _... ........ 7 ........ 75
Wailuku Sugar...................... 4,470 1,862 ........ -- ...... ........ 2,082 340 186

KADAl:
Grove Farm............................ 1,465 ........ ........ ........ ........ 1,225 ........ 240
Hawn. Sugar.......................... 5,600 2,429 ........ ........ ........ ........ 3,171
Kekaha..................................... 7,400 ........ ........ ........ ........ 5,860 ........ 1,500 40
Kilauea S. P. Co................... 3,300 30 ........ _...-... ........ ........ ........ 3,270
Koloa........................................ 3,000 ........ ........ .... -- .. ........ ........ 2,700 300
Lihue........................................ 6,936 ........ ........ 6,673 ........ ........ ........ 143 120
McBryde.................................. 4,860 1,360 ........ ........ ........ ........ 3,500

HAWAII:
Kohala..................................... 5,607 4,484 5 ........ ........ ...._--. 449 ........ ..... -.. ........ ........ 144 525

Total Acreage......................... 119,114 43,017 14,950 13,295 6,620 .9,228 22,309 6,419 2,370 143 84 144 535
Per Cent TotaL................... 100.0 36.11 12.55 11.16 5.56 7.75 18.73 5.39 1.99 0.12 0.07 0.12 0.45



24

VVATER ~[EASURIKG

No new water measuring devices of local promise have been
perfected ince the Parshall flume. This device continues to be
popular wherever used; its use is being rapidly extended.

There is a di tinct need for a measuring device which may
record total discharges rather than rates of flow, for use in field
measurements. A device of this sort, adapted particular!y to
ditches on flat grades, is being designed at the Oahu Sugar Com
pany.

The additional need for a simple, compact and cheap water
stage register for use on section and field measuring structures is
still evident. Such a device, carrying standard letter-sized paper
and driven by an electrically energized pendulum, is now being
designed at the University of Hawaii. The success of the de
vice is still problematical.

A summary of water measuring devices in use on Hawaiian
plantations is given in Table VI.

CONSERVATION OF VV.\TER

Definite programs of ditch lining have been suspended tem
porarily on the majority of plantations during the past two years.
A notable exception to this general policy has been the increase
in plaster-lined field ditches on the Kihie Division of the Hawai
ian Commercial & Sugar Company (Figs. 30, 31). This portion
of the plantation is characterized by an extremely sandy, porous
soil on which some form of ditch lining i imperative in order
that both eepage and erosion may be prevented. Local condi
tions do not warrant the expense of concrete or cut-stone lining.
Plaster lining on poultry wi re reenforcement appears to answer
the need of a relatively inexpensive, semi-permanent form of
ditch lining that will prevent excessive seepage and erosion.

Previous experience in the Hawaiian I lands with plaster-lined
ditches ha not been, on the whole, a happy one. A considerable
amount of this type of lining was installed on various plantations
during the period of 1916 to 1918. In relatively few places
has its installation been successful (Figs. 35, 36). The failure
of plaster lining in previous installations may be attributed to
several factors. Much of the plaster construction was made in
tunnels or mountain ditches in which it was impossible to gain
perfect contact between the plaster and the ditch sides. 1\0 effort
was made, in most cases, to imbed the poultry wire in the plaster,
with the consequent deterioration of the reenforcing. Expan ion
joints were seldom used. Many installations of plaster lining
were on ditches of steep gradient in which the velocity of ma-

..



TABLE VI -

WATER MEASURING DEVICES ON HAWAIIAN PLANTATIONS

Installations and Instruments in Use as of September I, 1931
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Ewa Plantation.................... 3 2 --.. 4 200 .... 9 5 .... 2 96 -_.. .... .... -.-- 1
Honolulu Plantation............ 8 ._ .. 17 .... 21 .... 8 .... .... 1 21 .... .... 1 .._- 1
Oahu Sugar ........................ 11 .... -_.. 2 144 __ 0. 10 2 .... .... 73 39 .... 4 _-0- 3
Waiahole Water Co........... 5 _... .... .... .-.. 4 1 _... .... 8 ._ .. .... .... .... 0 ••• .... N
Waialua Agr....................... 2 .... 6 1 .- .. .... 7 10 .... .... -... .... _... .... ..... 1 Ul

Waianae Co........................... 8 .... 2 .... .... .... .... _... .... .... .... .... .... 4
Waimanalo ............................ 4 -_.. 24 1 .... -... .... .... 2 3 .... .-_. .... .... .... 1

H. C. & S. Co....................... 1 .... 15 .... 1 11 9 22 .... .... _...
0 ••• .... .... 1

Maui Agr................................... .... 10 ...- ---- .... 1 10 .... .... .... 0--- .... .... _... 1
East Maui Irr. Co................. 1 .... .... .... .... 9 .... 7 3 .... .... ---- .... .... .... 2
Pioneer .................................. 28 .... 41 23 .... 5 14 35 .... 2 .... _.-- 12 .... .... 2
Wailuku ................................ 6 1 16 6 10 1 .... 2 12 .... 13

Hawn. Sugar ........................ 16 .... .... .... .... .... .... 4 .... .... .... .... .... .... 12
Kekaha ...................................... .... 6
Kilauea ...................................... .... 5 2
Kotoa ', .................................... 3 .._. .... -... 58 7 .... 1 .... 9 70 .... .... .... ..-- 1
Lihue ....................................... 11 .... .._. 3 250 11 .... 21 .... .... 118 .... .... .... .... 1
McBryde .......................,........ 8 ...- 2 4 .... 13 6 27 .... .... .... .... .... 5 1 3

Kohala .._.................................. .... .... .... 3 .... .... .... .... .... 3
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terial suspended in the water caused erosion of the plaster. The
maintenance of plaster ditches seems to require more care than
that of thicker, more substantial types of lining. Prevention of
weed and cane growth along the ditch sides, care in building
up the soil to the level of the ditch, and frequent inspection and
repair of small cracks in the plaster seem to be factors which
may determine the success or failure of plaster lining. The main
supply canal of the Waiahole Water Company, which is almost
entirely of plaster construction, is an example of this type of
lining which is still serviceable after 15 years of constant use.

The plaster-lined ditches recently installed by the Hawaiian
Commercial and Sugar Company (Figs. 32, 33, 34) are made of
a 1 :2 mix of cement and beach sand. The plaster is laid by hand
on poultry wire reenforcing, care being taken that the wire is
imbedded in the lining. Expansion joints are provided at 10
foot intervals.

Cost figures on plaster lining as submitted by the
Commercial and Sugar Company are remarkably low.
costs on two typical installations are included in the
table:

TABLE VII

COMPLETE COST DATA ON PLASTER·LINED STRAIGHT
DITCHES

Hawaiian Commercial and Sngar Company

FIELD R

November, 1929 - April, 1930
Labor $2,319.50
Carpenter Shop 183.65
Labor for Sand 30.00
Division Overseers 23.88
Hauling Labor 9.99
Surveying 161.03
Locomotive Hauling 92.00
Anto Truck Hanling 234.00
Stable Expense 54.84
Lnmber-2200 feet 136.04
Nails 16.69
Cement-2067 bags 1,667.32
Sand 32.67
Rock 62.39
10 Cement Buckets.............. 12.00
Fence Wire 47.05
Chicken Wire 384.90
175 Ibs. Mild Steel.............. 9.28
Gasoline and OjL................ 20.78
'I.'ools, Handles, etc............. 6.66
1 Sheet lh" Blk. Plat~........ 15.45
Sundries 9.07

TOTAL $5,529.19

9995 feet long-55 1/3 cents
per lineal foot.

FIELD 2 C

February, March, 1931
Labor $353.20
'fruck Hanling 21.38
Loco. Hauling 26.00
Crushed Rock........................ 2.70
466 Bags Cement 298.82
Tools, etc. 5.84
Gasoline & Oil.................... 2.37
Poultry Wire, 6 rolls, 2x3.... 14.21
Poultry Wire, 12 rolls, 2x6.. 56.20
Galvanized Wire 27.71
Nails 1.77

Straight ditch 2272
Level ditch 33

Total Cost Material $910.20

Cost Material per linear
foot 0.395

Cost excavation per linear
foot 0.02

TOTAL COST per linear
foot .415
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A limited amount of cut-stone lining has been installed in
1931. A discussion of the relative merits of cut-stone and con
crete lining appears to be one of economics rather than of en
gineering. The availability of stone of the proper grain, the
ease of transportation, and the local price of cement are among
the factors which may influence the relative economy and effec
tiveness of the two types of lining and which make any fair
comparison of construction costs difficult. Cut-stone is gen
erally considered more resistant to erosion than concrete, and
for that re.ason seems more desirable on ditches having steep
slopes. The transportation of material and the work required
in laying the ditch is less difficult with concrete lining than with
cut-stone. Pioneer Mill Company has installed a few straight
ditches of concrete on field stone backfill (Fig. 37) which promise
to be effective on the steep ditch grades of that plantation.

Ewa Plantation Company has had continued success with the
use of mud press as a sealing material in upply ditches, through
which a continous flow of water is maintained. For ditches in
which there is an intermittent flow of water, mud press does not
appear permanently effective as the alternate wetting and dry
ing causes the mud press to "sluff" from the ditch sides. On
several pump ditches with a continous flow of water, measure
ments at the Ewa Plantation have shown a remarkable reduction
of seepage losses by the use of mud press in the form of a semi
liquid slurry. Table VIn and Fig. 38 show the reduction in
seepage losses caused by mud press in a typical pump ditch of the
Ewa Plantation.

TABLE VIII

REDUCTIO~ OF SEEPAGE La SES BY THE USE OF MUD PRESS

Ewa Plantation Company

Supply Ditch from ro. 6 Pump Discharge to 17-A Pali

Per Cent
Date Seepage Loss

50.30%
:\fay 7, 1930 3104

:' Aug. 12 17.7
Sept. 30 15.65

Oct. 7 27044
Ko,-. 4 29.52
Dec. 2 37.67
Jan. 6, 1931 32.61
Feb. 3 29.61
Mar. 3 28.10
Apr. 7 28.10
May 5 30.51
June 2 34.63
July 7 25.00

Aug. 4 20.56

Remarks

)formal loss before applying mud press.
May 1, 2, 3-100 tons mud press applied.
.Tuly 8-28-350 tons mud press applied.
During 59 days ending Sept. 20, applied

1042 tons mud press.
Rains-pumps shut do,,·n for 4 days.

Rains-pumps shut down for 11 days.

Rains-pumps shut down for 7 days.

Commenced applying mud press July 6,
1931.

During the month of July, 548 tons mud
press applied.
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TABLE IX g' >-
DITCH LINING COMPL'ETED ON HAWAIIAN PLANTATIONS

(fJ

~.(fJ

(fJ C

Number of Feet Completed as of September 1, 1931
()"q 3
:;;'3
~ ~

MAIN SUPPLY CAl'iALS FIELD DITCHES PIPE LINES :.~
Concrete Metal. Concrete Field

PLANTATIONS Cast in Precast Cut Plaster Wood, Cast in Cut Plaster Wood Others Pump (including := 0

Place Concrete Stone Otherst Place Stone siphons) 1--3"""
Ewa PI. CO............... 12,820 1,240 23.300

~o.-
.......... • __ • _____ 4 .......... .......... -.-'---_.- .......... ..... -.... .......... ......•. _- 0" ~._ M-

Hon. PI. CO............... 1,992 .......... 3,307 13,565 .......... .. __...... ..__...... 4,720 .......... 35,264 32,427 ~ ()

Kahuku .................... 10.100
. Ho".......... .......__. ------_... -_........ .......... ........... -_........ ... -- ..... .......... .......... .......... ><-Oahu Sugar ............ --.- ...... ...__..... 165,066 _._.-.-.-. -_.. _-_... .......... ----- ..-.. .......... _... __ .... ..._---_.- 62,270 ----.-_ ... . :=

Waiahole Water .... .......... .-........ .........- 120,273 508 ---_._.... ----.- ..... .......... ._._._-- .. ._._-_.. -. .-.- ...... 12,332 :=
Waialua Agr........... 1,350 14,661* 41,754 71,744 1,000 .......... ...... -... .......... .......... ...._..... 51,031 19,547 C1q

Waianae CO.......l.. •.•• 16,507 1,060* 7,253 .......... 36,820 .......... .......... .......... .......... 175 .......... () N
Waimanalo .............. 42,240

,
4,700 0 00.......... .......... .......... .......... .......... .......... .......... .......... ........ _. ._ ........ 3

'0
H. C. & S................. 97,612 4,615 2,368 36,034 ........ -. .- ........ .......... 32,624 38,342 ._-..... -. 65,505 .......... (b

Maui Agr................. 34,990 900 32,340 920 5,090
M-.......... .......... ........ -. ..-.- ... -. .......... .......... .......... ~

East MauL Irr. Co... 102,756 60,536 3,328 0.-.......... .......... .......... .......... .......... .......... .......... .......... ..........
Pioneer Mill .......... 117,120 ....._.... 2,071 .......... 1fi.,811 2,151 1,532 .-........ 2,435 224* 32,416 15,633 C

'0
Wailuku .... -..._----_ .. _. 42,000 25.500 5,000 .... -..... ...... _... 6.000 ...... _... .......... 105,000 ._ .... _... .--....... 2,000 0

:=
Koloa ........................ 21,100 ..... -.... .......... .......... ...... -... 3,845 .......... .....-.- .. .--_._-... .......... 3,900 15,300 ~
Lihue .............-........ .......... .......... .......... .........• .......... .......... .......... .......... .......... .......... 1,750 5,700 ~

McBryde .................. 58,777 1,000 .......... .......... 2,000 .......... .......... .......... -......... .......... 8,000 19,300 ~

Hawn. Sugar .......... ...... _... .......... .........• .......... .- ........ 7,500 .......... .......... .......... ..... __... 5,000 ~.... _...... p;'
Kohala ...................... 2,000 ;:3

.......... .......... .......... .......... .......... ,......... ........ ,. .......... ..........
'0

* Concrete pipe, unreenforced. ~

t Includes conveyance flumes. :=
M-
~
I
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The Labor Saving Device Committe~ has made some interest
ing tests on a ditch lining material composed of bagasse, quick
lime, and bitumuls (an asphaltic compound). Various propor
tions of the three material have been used in experimental in
stallations. The first trial of this preparation show some promise
as a semi-permanent lining for level ditches and watercourses.
As a temporary lining for watercourses on steep lopes, the Koloa
Sugar Company ha found salvaged lime bags a uccessful ex
pedient for preventing soil erosion in the watercour e during the
first four or five months of a new plant crop (Fig. 39).

The Pioneer Mill type, of metal gate for field and level ditches
is finding extensive use on Maui. The gate reduces leakage
to a minimum, and is easily transported by truck or pack mule.
Oahu Sugar Company has developed a field and level ditch gate
(Fig. 40) of pre-cast, unreenforced concrete. The gate is con
structed in the plantation shops at a cost of $1.25 each.

SUMMARY

1. Widespread developments in methods of irrigation design
ed for greater economy of labor and water have taken place on
Hawaiian plantations during the past two years. Although many
of the methods are not univer ally adaptable, the results gained
in labor economy, water conservation, improved moisture distri
bution, and economical cultivation in many localities warrant care
ful scrutiny and trial.

2. Certain modifications of the Hawaiian contour ystem have
proven economical in operation, are readily installed in ratoon
fields, and are adapted to a wide range in terrain. Several cut
line methods which are under trial are here described.

3. The "Koloa System" has been given extensive trial on
many plantations. In spite of difficulties encountered in certain
topography and on certain soil types, the method in general seems
to be successful and popular. The relative merits of pushing
back the cane from level ditches and watercourses are discussed.

4. Long-line irrigation shows promise in many localities where
it has been installed. The use of mechanical cultivation in con
juction with long-line irrigation appears to be a decided advantage
in favor of the method.

5. The border method of irrigation is proving particularly
effective on most lands carrying slopes no greater than about 2.0
feet per 100 and which are difficult to irrigate by the contour
method. Plantations using the border method have greatly in
creased the area irrigated per man-day, but have found a some··
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what greater consumption of water than by the contour method.
Modifications of the border method have been introduced on sev
eral plantations. The Hawaiian Commercial and Sugar Company
has developed a combination of the long-line and border methods
which may prove effective in decreasing water consumption and
early weed growth. Kohala Sugar Company uses a narrower bor
der running with the slope of the land. Honolulu Plantation Com
pany has instal1ed a system of terrace irrigation by which beds
from 5 to 10 feet wide and from 400 to 700 feet long fol1ow the
contour of the land.

6. Comparatively little ditch lining has been completed on
Hawaiian plantations during the past year. Hawaiian Com
mercial al)d Sugar Company has constructed a considerable
amount of plaster-lined field ditches on a section of that planta
tion which has an extremely sandy soil. Although previous in
stallations of this type of lining have not been altogether success
ful, the plaster ditches at Puunene seem to an wer the need for
which they were designed.

7. Water measurement on many plantations is becoming an
important unit in the system of distribution and application of
irrigation water. The Parshal1 Measuring Flume has become the
standard device for measuring water in supply and straight ditches
on many plantations. There is a need for a simple device for
measuring the discharge of water in ditches of low gradient.
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Fig. 1. Koloa method of irrigation on steep hillsides at
Kahuku Plantation Company.
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Fig. 2. Trash bundle protection for watercourses used by
the Kahuku PlantaticJU Company with the Koloa method on
steep hillsides.
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Fig. 3. Koloa irrigation on lewl land, Mahaulepu section,
Koloa Sugar Company.

Fig. 4. Pani fOl- Koloa irrigation used by Hawaiian Com
mercial and Sugar Company.
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Fig. 5. Pani used for Koloa irrigation by Kahuku Plan
tation Company.
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l<'ig. 6. Wooden frame nspd for Koloa inig:ltiun in plant
field at Hawaiian Sugar Company.
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Fig. 7. Typical rate of ach"ance cur"e oyer alfalfa borders on main
land soils.
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Fig. 8. Chart showing rate of ach"ance of "'ater in border method
under Hawaiian conditions, after Renton and Bond.

Fig. 9. Border method at Hawaiian Commercial and Sugar Com
pany. Note the use of trash bundles to provide lateral distribution
of irrigation water.
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Fig. 10. Careful land preparation is essential for satisfactory dis
tribution by the border lllPthod.

Fig. 11. Field under border metbod at Ewa Plantation Company.
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Fig. 12. Completed borders ,'eady for irdgation, Swamp Reclamation
Fields, Kekaha Sugar Company.

Fig. 13. Starting the irrigation, Swamp Reclamation Fields, Kekaha
Sugar Company.
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Fig. 14. Flooded borders, S\ramp Reclamation }'ields, Kekaha Sugar
Company.

Fig. 15. BOTeler method on shallow coral fields, Puuloa section, Hono
lulu Plantation Company.
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Fig. 16. Lihue type of border maker, Lihue Plantation Company.

Fig. 17. Lihue type of border maker, Honolulu Plantation Company.

...
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Fig. 18. Border maker at Hawaiian Commercial and Sugar Company.

Fig. 19. Flat-bladed cultivator used in fields under border
irrigation, Ewa Plantation Company.
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Fig. 20. Long·line bMdcr method of inigation deyeloped by the Ha
waiian Commercial and Sugar Company.

Fig. 21. Pioneer border maker used for preparing long·line bord l'

method of irrigation, Pioneer 11i11 Compan)-.

'\
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Fig. 22. Finld preptned for long·line border method or irrigation,
Pioneer Mill Company.

Fig. 23. Two·line borders as used by the Kohala Sugar Company.
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Fig. 24. Irrigation by contour terrar,es as developed by Honolulu Plan
tation Company.

Fig. 25. Contour terraces seem to be well adapted to rather steep
slopes.

J
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Fig. 26. Triangular float used in preparing contour tl'rraces, Honolulu
1'lantat:on Compan~-.

Fig. 27. Long-line irrigation, Kilauea Sugar Plantation Company..
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Fig. 28. Long-line irrigation, Wailuku Sugar Company.

Fig. 29. Long-line irrigation, Kahuku Plantation Company.
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Fig. 30. Newly finished plaster-lined ditch, Hawaiian
Commercial and Sugar Company.
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Fig. 31. Pioneer-type gate on plaster-lined ditch,
H:nyaiian Comme)Oeial and Sugar Company.

'.
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Fig. 32. Plaster ditch lining on poultry wire reenforcing,
Hawaiian Commercial and Sugar Company.
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Fig. 33. Both sides of the section may be lined before
the bottom is co'·cred. Howeycr, the bottom must be laid
before the sides gain their initial set.
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Fig. 3-10. Xote that the lahorel" pulls the wire from the
ditch hottom in order th~t the reenforcing m~)' be embedded
in the plaster.
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Fig. 3.3. Section of plastcr-linpd ditch in,tallcd in 1917. In spite of
some degn'e of cracking, the lining is still seniccable.

Fig. 36. Failure of plaster lining installed in 1917.
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Fig. 37. ('onerete lining on baek fill of field stone at Pioneer Mill
Company.
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Fig. 39. Lime bags used as temporary watercourse lining
ih plant fields, Koloa Sugar Compan~·.
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Fig. 40. Field and level ditch gate of unreenforced con
;ete, Oahu Sugal' Campan)'.
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