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The yield of sugar cane is analyzed in relation to 
climate, soil and management. Detailed Information is 
obtained from the Waialua Sugar Company Inc. on Oahu, where 
approximately 4200 ha of irrigated sugar cane are grown 
under fully mechanized conditions. The field records date 
back to 1930, but a selected group of data for the period 
1960-1970 has been used for statistical interpretation. 
Management variables Include month of harvest, crop cycle, 
age in months, nitrogen, potassium and phosphorus fertiliza­
tion, amount of irrigation water applied and the number of 
days after the last round of irrigation until harvest. The 
climatic variables are rainfall during winter, rainfall 
during summer, rainfall one month before harvest; rainfall, 
maximum and minimxjm temperature and ditirnal difference in 
temperature during the harvest month, average monthly 
evaporation and global radiation. The soils are mapped in 
detail and the yield data are grouped according to the major 
soil series on which sugar cane is grown in this plantation. 
Two soil series (Wahiawa and Lahalna) belong to the Order of 
the Oxlsolls and cover almost 50% of the terrain, while 
another 40% is classified as Haplustolls (Ewa, Waialua, 
Kawaihapai, Pulehu, and Haleiwa). The remaining 10% of the 
area belongs to poorly drained Inceptlsols and Vertisols 
(Pearl Harbor and Kaena),

ABSTRACT



The seasonal variation in climate with warm sunny 
summers and cool rainy winters is one of the determining 
factors in sugar production. Heavy rainstorms in winter 
show a negative effect on the production. Age of the crop 
is negatively correlated when the yield is expressed as 
Ton Sugar per Acre per Month. A significant drop in yield 
is observed in ratoon cropping. This decrease was more 
pronovmced in the lowland soils. Sugar yield from the first 
plant crop is higher than the yield from the second plant 
crop. Since all other management practices and climatic 
factors are similar for both plant crops, this drop in 
yield must be considered as a genuine yield decline.

During the 1930's the lowland areas produced more 
sugar than the fields located on chemically infertile 
Oxisols in the uplands. Increasing amounts of fertilizers 
since that time reduced the effect of the limiting fertility 
factor. The heavy machinery introduced since 1935 created 
poor physical conditions in the alluvial soils - Impeded 
drainage, compaction and stickiness.- The result is that 
during the last decade the Oxisols produced significantly 
more sugar than the alluvial soils in spite of less favorable 
climatic conditions at higher elevation. The limiting factor 
appears to have changed from fertility to physical 
conditions. An analysis of variance test clearly demonstrated 
the significant difference in yield between these two soil 
groups. From this study it becomes clear that all three



Vi

systems-climate, soil and management-play an Important role 
in the final yield figure. While it is not possible to 
estimate the yield satisfactorily with only one of these 
systems-the explained variation in yield varied from 18% 
to 347o- the combination of the three systems explained 
more than 707. of the yield variation. Almost 807o of the 
estimated yield data differed less than 57. from the actual 
yield.

Because this study was carried out over a relatively 
large area and actual plantation records were used Instead 
of an experimental design, the xinexplained variation is 
still considerable. However this study Indicates that 
agricultural research designed to Interpret actxial field 
data should give equal importance to the three systems that 
control crop growth: Climate, soil and management.
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CHAPTER I
CROP PERFORMANCE IN RELATION TO ITS ENVIRONMENT 

(A Literature Review)

The analysis of the yield of sugar cane as a function 
of climate, soil and management variables is the subject of 
this study. This chapter is devoted to a literature review, 
in which the major concepts of such a relationship are 
summarized. The basic philosophy behind this approach is 
clearly expressed by Northcote (1964): "Plant growth is a
function of available water, available nutrients, atmospheric 
gases, temperature and light." In addition, a mechanical 
support to hold the plant upright is required. After 
reviewing the environment as related to plant growth, 
attention is focussed on one way of analyzing the yield, 
namely through soil svirvey interpretation. Finally some 
opinions are given to the yleld-cllmate relationship.

An analysis of the yield of any given crop should be 
based on the principle that crop performance is the result 
of the interactions of the combination of soil properties 
and the combination of management practices in a certain 
climatic system (Kellogg, 1961). Maletic and Bartholomew 
(1966) state that the potential crop-producing ability of a 
given area is dependent primarily upon existing climatic and 
soil conditions. Kohnleln (1964) categorizes the factors 
that determine yield in four groups: climate, soil
conditions, plant species characteristics, and management



with emphasis on fertilizer practices. More literature 
could be cited to stress this point and the over-all 
conclusion is that the environment could be split up in 
three general systems:
Climatic system.
Soil system.
Management system.
Each system consists of a combination of factors. Which 
system dominates depends on the plant species and sometimes 
on the personal point of view. Clements (1952) states that 
the theoretical crop is determined by climate and the 
physiology of that particular crop: "Soils by themselves
have no productive capacity: without energy, no crop can be
produced on a soil, no matter how fertile it may be."
However it is obvious that without soil as a supporting 
medium, no crop can be produced on a commercial scale no 
matter how much energy is available. Northcote (1964) states 
that: "Soil p e r  se is n o t  an  in d is p e n s a b le  in g r e d ie n t  f o r

plant growth", but he goes on to say that "Soil is merely 
the most convenient medium available in nature for the 
retention, partial or complete, of seme of the plant growth 
factors."

The major plant growth factors are: available water,
available nutrients, available atmospheric gases, light, and 
a supporting medium. Each plant species requires a certain 
arrangement of growth factors for optimal production.

2



Vink (1963) points out that the oldest agricultxiral
communities in Western Europe are definitely located in

«

areas with loess deposits, which have a high natural 
fertility. Rice has been cultivated for thousands of years 
in the river delta's with young and often rich alluvial soils, 
because of its unique ability to grow under submerged 
conditions. The method of shifting cultivation, practiced 
by primitive tribes in the tropics, is another example where 
farmers traditionally search for the optimum combination of 
production factors. Highest actxial and potential yield in 
the tropics can be obtained for some perennial crops like 
cacao and oil palm under conditions which resemble to some 
extent those of their natxiral environment (Best, 1962).

Due to Increasing amounts of food required by an 
ever-increasing htaman population, food production per tinit 
area had to be increased and new areas cultivated where the 
environmental factors were not optimal. This requirement 
forced men to change and improve the natural e n v iro n m e n t .

More nutrients had to be added as fertilizers, more water 
as irrigation, higher yielding varieties through breeding 
programs, improving of the physical condition of the soil 
through cultivation, control of diseases and insects, etc.

In general it can be stated that management practices 
are aimed at providing an environment that produces the 
highest possible return at the lowest possible cost.
Northcote (1964) concludes that "Theoretically all soils



could be expected to give the same plant yields provided 
management practices are adjusted to suit the individual soil, 
other factors being eqtial.” However, certain environmental 
factors are beyond the control of the grower. The production 
of sugar is, for example, related to the processes of photo­
synthesis, respiration and growth of cane (Silva, 1969), 
Sunlight, CO2 and temperature have the greatest effect on 
these physiological processes; therefore the windward areas 
of Hawaii can never reach the maximum yields of the leeward 
areas vdiere sunlight is high and where the shortage of 
rainfall can be supplemented by irrigation.

Chang (1970) states that in Hawaii the yield pattern of 
sugar cane is primarily determined by solar radiation. The 
same argiments are emphasized by Best (1962), who concludes 
that "In respect of the light factor the potential production 
of annual crops is often about one and a half times as high 
in the temperate zone as in the tropics" (where the dally 
radiation is only 607o of that in the temperate zone).

Much emphasis has been placed on the interpretation of 
soil survey data to better understand the variation in crop 
production, Aandahl (1958) states that the purpose of soil 
starvey Interpretation is "To provide people with the best 
possible information about every acre of soil in a form that 
is directly useful to them. Such interpretations are 
Intended to furnish a better basis for making choices among 
alternatives in the use and management of soils." Although

4



according to OdeLL (1958) soil scientists are interested in 
soils as such and are mainly concerned with their morpho­
logical, chemical, physical, and mlneraloglcal properties, 
farmers are interested primarily in soil productivity and 
methods of increasing this productivity economically.
Kellogg (1961) considers the purpose of soil interpretation 
as an attempt to predict the behavior of the soil as an 
entity. A kind of soil is based on a great number of 
characteristics existing together. Soil quality is 
considered as a result of interactions among soil character­
istics and managanent practices.

In the past, much emphasis has been placed on soil 
fertility, a quality of the soil that enables it to provide 
the chemical compound in adeqioate amounts and in proper 
balance for the growth of plants when other factors are 
favorable. Krantz (1958) in discussing soil qualities 
important to management states that the natxiral fertility of 
the soil is rather unimportant, but it is highly desirable 
to know its response to management. Luplnovich (1968) found 
that the level of soil fertility was the main factor in 
determining plant productivity in the non-chernozem zone in 
Russia. In m o d e m  agriculture however the problem is rather 
the physical condition of the soil since all necessary plant 
nutrients can be added as fertilizers (Buringh, 1968). In 
this context Avery (1962) argues that the productive capacity 
of a soil under given climatic conditions is largely governed

5



by its suitability as a rooting medium and by the ability of 
the horizons penetrated by roots to store water and 
nutrients in forms accessible to plants.

The question still remains whether it is possible to 
use soil survey data as a basis to establish the productive 
capacity of the soil, or whether the emphasis should be 
placed on individual soil properties. According to the Soil 
Survey Manual (1951) a detailed soil map should show all 
boundaries between mapping xinits that are significant to its 
potential use. Vink (1963) states that soil survey is the 
only basis for optimal land use. In contrast to this strong 
support for the use of soil survey data Butler (1964) 
considers the soil map "A very inadequate presentation of the 
pattern and kind of soil variation in a certain area, 
because of the restraint visible boundaries and the 
restriction to morphological criteria." Gibbons (1961) 
argues that those criteria which are needed to predict plant 
g ro w th  a r e  o f t e n  th e  h id d e n  unm appab le  f e a t u r e s  v^ o se  

correlations with mappable criteria are often unknown. His 
suggestion is to attempt to find visual key criteria which 
correlate with most of the criteria considered important for 
most foreseeable purposes together with other features of 
the environment, like climate, geology, topography and 
vegetation. These criteria should then be used in a mapping 
program.

Butler (1964) in reviewing several studies which attempt

6



to correlate yield with soil type concludes that "the 
correlation between soil types and agricultural production 
is xoncertain or absent," In contrast, he argues that many 
studies shw^ed good correlations with certain soil properties. 
He cites Finck (1961) who found a high correlation between 
clay content and yield of cotton in the alluvial clay plains 
of the Sudan. However, in his concluding remarks, Finck 
states that the clay content may be a useful criterion for 
fxjrther surveys. Loveday (1964) obtained a yield prediction

I
equation for irrigated Lucerne based on only two soil 
properties, and Wilde (1970) established a significant 
relationship between the average rate of growth of conifers 
and four soil characteristics. However, as stated before, 
soil characteristics interact among themselves as well as 
with management practices. Mulcahy (1967) considers inter­
pretation of growth based on a few properties hazardous and 
Aandahl (1958) states this approach as follows: "To try to
use a single characteristic or qxiality as a b a s is  for 
prediction of plant growth is to invite error. The entire 
soil, i.e. the unique complex of characteristics, comprising 
each kind of soil must be considered as an entity of the 
landscape including its climatic setting. This is the 
environment for plants." This approach was used by Odell 
(1950) and Rust and Odell (1957), who conducted a study in 
Illinois to measure the productivity of certain soil types 
under various environmental conditions. They concluded that



more yield variation was associated with the weather 
factors than with all others. However, five out of seven 
soil associations used In this study were correlated 
significantly with yield.

As stated earlier, climate plays a very important role 
in crop production. It is not the purpose of this review to 
discuss these relations in detail. Reference, though is made 
to Chang (1968) who in his concluding remarks points out that 
climatologists are no longer content with analyzing data 
designed only for weather forcastlng. "They have begun to 
realize that the study of climatology should not be limited 
to the atmosphere but should include both vegetation and soil 
surfaces as well." Himbert (1968) states that temperature, 
light, and moisture are the principal climatic factors that 
control sugar cane growth. Chang (1970) in comparing the 
sugar cane production in Hawaii and Taiwan concludes that the 
higher sugar yield in Hawaii is primarily the result of the 
favorable climatic conditions rather th a n  t e c h n o lo g ic a l  

superiority. Similarly, he and Silva (1970) point out that 
the leeward plantations in Hawaii produce more sugar than the 
windward areas because of higher sunlight. However, should 
it not be stated that favorable climatic conditions only 
result in higher yields if other environmental factors are 
equal? To support this statement one may look at the data 
from Clements (1952). He has devoted his work to a study 
directed at determining factors "intimately associated with

8



the welfare of sugar cane, influences of ecological facts 
on these factors and an evaluation of such a complex 
relative to the production of sugar cane." The factors he 
used to determine the sugar yield are physiological and 
climatic. However, testing his final prediction equation, 
he finds discrepancies between estimated and actual yield 
due to "difficulties in maintaining the moistxure level- 
sheath moistxjre- properly". The conditions leading to this 
are, according to him, largely a matter of soil type.
Chang (1970) considers the soil as an unimportant factor 
compared to solar radiation, but considers the impact that 
management practices have on the soil as a determining 
factor in yield.

From the above citations it can be stated that 
agricultural production is determined by climatic conditions, 
soil conditions and treatments applied by the grower 
(management practices). The ability of the grower to apply 
these treatments has not been discussed but certainly should 
not be overlooked. It may be part of the unexplained 
variation that is always present in a statistical analysis 
of actual field data. Although there is some controversy 
about the applicability of soil survey data, additional 
support to use this information is the fact that the farmer 
wants to know what he can expect from every acre of his 
land.

The only survey that takes every acre in consideration

9



is a soil survey. If it is possible to express the soil 
mapping units in terms of productivity, providing that the 
other factors of the environment are explicitely described, 
that important requirement is fulfilled. An additional 
advantage is that the results of such study could be 
transferred to other areas with similar conditions.

These principles have guided the present study. 
Although in subsequent chapters the material and methods 
used to arrive at crop yield Interpretations will be 
discussed in detail, an Important requirement to arrive at 
such Interpretations is the uniformity in recording data. 
Because of the complexity of variables involved in this 
kind of study, the data to be used should not only be 
reliable but also abundant. Fortunately, the sugar 
industry in Hawaii has this kind of data in a well 
organized form recorded over a long period of time.

10



CHAPTER II 
THE SUGAR CANE ENVIRONI'IENT

This chapter may be compared with a section, called 
"MATERIALS" in a research, where a certain experimental 
design is involved. Since this study involves analysis and 
interpretation rather than collection of data, a detailed 
description of the area from which the data have been taken 
will be given. Yield can be expressed as a function of 
three sets of production factors: Climate, management and
soil. This chapter is therefore divided in three sections: 
The present management practices of the company as they are 
carried out on the irrigated part of the plantation; a 
description of the prevailing climate, with emphasis on the 
rainfall distribution, temperatxire, evaporation and net 
radiation; and, a stimmary of the geography, geology, and 
soil conditions of the plantation.

I. THE WAIALUA SUGAR COMPANY AND ITS MANAGEMENT PRACTICES 
The Waialua Sugar Company, Inc. (abbreviated as "V7AC0" 

in this study) is located in the northern part of Oahu, 
Hawaii (see Figure 1). In 1970 it covered 4954.7 ha 
(12,386 acres)^ of which 4175.2 ha are irrigated. The 
total production of 96° sugar in that year was 71,546 tons, 
which represents about 67o of the total sugar produced in 
the state of Hawaii.

See Appendix III for conversion factors to c.g.s
system.
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TABLE I
COMPARATIVE PRODUCTION FIGURES FOR SOME SUGAR COMPANIES 
IN HAWAII (SOURCE: HAWAIIAN SUGAR PLANTERS ASSOCIATION)

•

Plantation*
10 year 

average Ton 
96° sugar

1969.
TSA^‘>

1969 . 
TSAM°^

10 year 
average 
TSAM

1969,
TCA«=̂

Gay & Robinson (I) 17,156 13.94 0.606 0.606 90
Waialua (I) 70,342 13.66 0.579 0.591 103
Kekaha (I) 47,969 13.67 0.573 0.581 104
Olokele (I) 30,626 13.09 0.550 0.573 106
Oahu (I) 70,979 12.09 0.538 0.544 87
H.C. & S. (I) 177,657 12.66 0.530 0.551 101
Walluku (I) 29,721 12.04 0.500 0.527 110
Ewa (I) 55,321 11.79 0.499 0.533 99
Maunakea (UI) 63,009 10.22 0.414 0.433 107
Pepeekeo (UI) 55,156 8.98 0.370 0.432 94

* (I) means 
a) TSA: Ton 
c) TCA; Ton

irrigated; (UI) means unlrrlgated. 
sugar per acre b) 
cane per acre

TSAM: Ton sugar per acre per month



Table I summarizes the production statistics for some 
sugar companies in Hawaii.

The WACO plantation increased in size from 2938 ha in 
1930 to 4915 ha in 1969, while the production more than 
doubled (fran 28,820 ton sugar in 1930 to 73,614 ton sugar 
in 1969). Unirrigated cultivation of sugar cane started in 
1960 on land previously used for pineapple production. At
present almost 800 ha in the higher elevations are now used

/

for unirrigated sugar cane. In the following sections the 
most important management practices are discussed in detail. 
Table I of the Appendix stimmarizes the management practices 
for the period 1960-1969.

Since this study concentrates on irrigated sugar cane, 
only sporadic comments will be made about management 
practices in the unirrlgated part of the plantation. The 
following information has been collected with the help of 
the staff of the field department of WACO.

1. Planting Material
The planting material is harvested from 125 ha, 

located in the unlrrigated section of the plantation. No 
special treatment is given during its period of growth.
The last application of fertilizers is given three months 
after planting. Before the seed pieces are cut the cane is 
thoroughly inspected for possible diseases. Since the 
cutting of seed pieces is done mechanically, special

14



consideration is given to the length of the stalk. If the 
stalk is too short, the soft tops are discarded since they 
rot easily when planted. If the stalk is too long, 
considerable waste is Incurred. In general the stalk is 
harvested after seven to nine months and cut in three to 
four seed pieces of an average length of 45 cm, each 
containing three buds. The seed pieces are loaded in 
containers and soaked for a few minutes^ in a 107. cold 
solution of P.M.A. (phenyl mercuric acetate). The remaining 
stubble will sprout again and three to four subsequent 
cuttings for seed pieces are made before the field is 
replanted. These later cuttings generally yield more 
planting material than the first cutting because of better 
tillering.

2. Seed Bed Preparation
The seed bed preparations vary considerably depending 

on the cropping system. There are three systems presently 
practiced in the plantation:

a. Plant Crop. The field is intensively plowed, 
including subsoiling operations, and fresh plant material is 
distributed.

b. Ratoon Planting. Only the compacted areas in the 
field are tilled, but fresh plant material is distributed 
throughout the field.

15



c. Mechanical Ratoonlng. Only the compacted areas are 
tilled, the furrows are reshaped and replanting is done only 
in those areas where a poor stand occurs after a few weeks.

The following operations are carried out in chronolog­
ical order in case of a plant crop system:
Subsoiling.

The field is subsoiled to a depth of approximately 50 
cm in two directions (parallel to the fiirrows and parallel 
to the flumes).
Plowing.

The soil is turned over with a "Townner" disc plow.
Each plow has four discs with a diameter of 105 cm.
Depending on the soil conditions the soil is turned over to 
a depth of around 40 cm.
Grading.

The field is leveled with bulldozers.
Subsoiling.

One more subsoiling operation is carried out, parallel 
to the flume.
Surveying.

Lines are laid out by surveyors in such a way that the 
planting machine will make furrows with an average slope 
of 1.5%.

If the field is to be ratoon planted, only the truck 
roads used for hauling the cane from the field are sub­
soiled. Thereafter the field is graded with bulldozers.

16



subsoiled in one direction (parallel to the flumes) and 
surveyed.

In the case of mechanical ratooning compacted areas 
are loosened with a subsoiler machine parallel to the 
existing fxorrows. The field is leveled and the furrows are 
reshaped. Difficulties in soil preparation arise under wet 
conditions. The subsoiler merely cuts the soil like butter 
and the disc plows can not txirn it over. In general the 
soils on higher elevation can be prepared more easily than 
the alluvial soils. It should be added that some areas 
cause problems because of stoniness and shallowness.

Of the total acreage harvested, approximately 60% is 
ratoon planted, 207o is plant crop and the remaining 207o is 
subject to mechanical ratooning. Ratoon planting.
Introduced in 1962, is preferred over mechanical ratooning 
and is carried out if the work load allows it.

3. Planting
The planting of seed pieces is completely mechanized.

The planting machine, operated by three men, cuts two 
furrows, 1.75 m apart and 40 cm deep, places the seed pieces, 
applies fertilizer and covers the seed pieces with two to 
five cm of soil. The seed pieces should be placed edge to 
edge, but in practice there is some overlapping. On the 
average 2.5 ton material is required per acre. One machine 
can plant approximately nine acres per day. Uncovered seed

17



is covered later by hand. At the lower end of the furrows 
soil material may accumulate due to silting.

4. Fertilization
Fertilizers are applied in several different ways:

With the planting machine, with the irrigation water, by 
airplane or mechanically broadcasted. The amount of 
fertilizers is determined either by the variety requirement 
in the case of nitrogen, or by soil analysis in the case of 
potassium, phosphorus and silicon. Soil samples are taken 
immediately after harvest, only from the top soil (- 30 cm) 
and analyzed by the Hawaiian Sugar Planters Association 
(H.S.P.A). They make recommendations based on the amount of 
available nutrients. Since 1966 Si is also determined as 
well as trace elements like S and Mg and Zn. Based on 
experiments the following critical levels are established in 
lb/acre foot.

18

Level S, Mg Zn Si

Deficient 30 10 80
Low 30-100 10-60 80-130
Adequate 100 60 130

Nitrogen
The general practice is to apply the required amount 

of N within nine months after planting. The amount applied



varies for different varieties:
H 50-7209 -350 kg/ha
H 57-5174 -320 kg/ha
H 57-3775 -370 kg/ha
The first application of N is given with the planting 

machine either as di-ammonium-phosphate (21% N, 537o ^2^5^ 
p is also required or as sulphate of ammonia (21% N, 24% S) 
if no P is required. This last practice was initiated in 
1970. Prior to this, if no P was required the first N 
application was given with the second round of irrigation 
as aqua ammonia (207o N), All subsequent applications are 
carried out with the irrigation water every other month 
until the required amount is applied. In general 70 to 80 
kg/ha is applied each time.

Potassium
Potassium is applied with the irrigation water as 

muriate of potash (KGl). The total amount varies consider­
ably, d ep en d in g  on th e  soil analysis. Table II shows th e  

relation between K available in the soil and the reccxnmended 
amount of fertilizer. On the average 300-500 kg K20/ha is 
applied. The timing of application coincides with N and 
all K is given within nine months.

Phosphorus
This element is always applied with the planting 

machine. The total amount, depending on soil analysis (see
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FERTILIZER RECOMMENDATIONS BASED ON 
SOIL ANALYSIS AS EMPLOYED IN WACO

TABLE II

Available K 
lbs K/acre ft 

(Soil analysis)
K^O

Kg/ha
(recommended)

Available P 
lbs p/acre ft 
(Soil analysis) (recommended)

100 490 25 375
200 370 50 215
300 250 75 55
400 130 85 0
500 0 — —

Table II), is applied at once and varies from less than 
100 kg to more than 200 kg P202/ha. Rock phosphate
has been used in previous years in the upland section of the 
plantation, but not recently.

Silicon
In contrast to the other nutrients Si is broadcasted as 

CaSiO^ (47% Si02» 34% Ca) prior to the plowing operation.
It has been used since 1966, mainly on the higher elevations. 
Experiments have shox^n that fxirrow application did not 
improve the juice quality of the cane, but a definite 
increase in yield was observed xdien broadcasted.

Airplane application of fertilizers is mainly confined 
to the unirrigated part of the plantation, or when spot 
fertilization is required, mainly as urea.



5. Irrigation
The Irrigated portion of the plantation covers almost 

4200 ha (84.37o of the total area). Although recently 
experiments have been conducted with overhead Irrigation, 
fxarrow Irrigation Is still the main practice. Some fields, 
where no measurable slope exists, have a "level-level ditch" 
system with furrows up to 300 m long, but more than 907o 
of the field is irrigated with the "Herring bone" system, 
developed by J.C, Rust In 1935 (Naquin, 1954). The lay-out 
of this system is pictured In Figure 2.

The two main sources of water for irrigation are 
mountain water (collected In four reservoirs), and ground 
water, pumped to the surface by 18 pumps scattered over the 
area. The salinity of the pump water varies with location 
and time of the year. Pump 1, pump 4, pump 18 and "MILL 
WELL" discharge water that contains about 60 g. salt per 
gallon in August compared to 30 g. In March. The other 
pumps have a considerable lower salt concentration. The 
amount of water used for irrigation purposes varies from 
year to year, but has increased steadily over the last 10 
years (see Table III).

An additional source of irrigation water is supplied by 
the factory. The water used for cleaning the cane is 
separated from the soil and pumped into the field (hydro­
separated water). Until 1963, irrigation water needs were 
computed by weekly soil moisture determinations. At present
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THE AMOUNT OF WATER USED FOR IRRIGATION 
IN MILLIONS OF GALLONS

Year Total Pumps Reservoir Factory

1960 27,070 13,223 13,847 639
1961 26,697 14,584 12,113 531
1962 27,404 15,515 10,889 961
1963 23,362 9,477 13,885 746
1964 31,079 15,185 15,894 1029
1965 21,646 10,883 10,763 802
1966 27,421 16,338 10,083 967
1967 32,618 17,259 15,359 934
1968 30,133 20,128 10,015 1043
1969 33,011 18,089 13,922 943
1970 40,130 23,681 16,449 1065

TABLE III

the easier and more effective pan evaporation method is 
used. The irrigation intervals are calculated by using 
weekly rainfall, pan evaporation data, and the soil 
moisture capacity, which has been determined for each field. 
The formula used is: Day Interval = F.M.C./weekly
(evaporation-rainfall). While in the stimmer period the 
number of days between irrigation rounds can be as small 
as 10, during the winter months this interval can be as long 
as 20 days. The number of Irrigation rounds varies from 20 
to 40 per crop cycle. The first round of irrigation is



applied within five days after planting, while the last 
round of irrigation generally is applied 50 to 80 days 
before harvest.

The amount of water applied is determined by the time 
it takes for the water to reach the lower end of the furrow. 
The furrows extend approximately 100 m from the flumes and 
should have a slope of l,57o. The amount of water applied per 
irrigation round varies from six to ten acre inches.
Although drainage facilities are installed in the low lying 
areas, they are Inadequate and some fields are submerged 
during heavy rainfall periods in winter. At other places 
in this area the grotind water table may rise to within 30 cm 
below the surface and the damaging effect shows up 
particularly in young cane.

Although the ftirrows follow the contour lines, damage 
and erosion may occur dxnring heavy rainfall,(particularly 
in the center of the lines xdiere water acctimulates-see 
Flgxire 2) and with yoting cane.

6, Weed Control
Herbicide is applied immediately after the first 

irrigation round by aircraft. A mixtxire of Atrazine and 
Ametryne (50:50) is applied in the amount of 7 kg/ha.
After about 65 days a "handgang" sprays 4 kg/ha of a 
contact herbicide mixtxire of Dixiron and Delapon (50:50), or 
2-4-d Amine, depending on the kind of weed. Normally a
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third application is not necessary, since by that time the 
field is closed-in. The most important weeds are Guinea 
grass and California grass.

7. Insect and Disease Control
Biological control has been sufficient to protect the 

cane from insect damage. No insecticides are used.

8. Varieties
Although WACO plants several varieties at any time 

during the last 10 years, one single variety occupied 70 to 
907o of the total irrigated portion. As will be discussed 
later, this has been the general practice in the plantation 
since 1930. Variety H 50-7209 has variety H 44-3098 as 
female parentage and an tinknown male parentage. It was 
under experimentation since 1950 and introduced on a large 
scale by WACO in 1961. At other plantations throughout 
Hawaii it has been planted since 1965. Initially this 
variety germinated rapidly with sturdy shoots, large 
Internodes and produced a heavy tonnage of cane and sugar. 
The root system is not very extensive and during strong 
winds uprooting occvirs. At the age of eight to nine months 
the cane lodges, after vdiich a tremendous tillering takes 
place, compensating the loss due to lodging. Due to its 
poor holding quality, this variety is more accepted in 
leeward plantations. At present the internodes are much 
shorter, stalk diameter smaller and the sugar tonnage has
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decreased. The plantation, therefore, is experimenting with 
new varieties. In 1970 more than 800 ha have been planted 
with H 57-3775.

9. Harvest
Sugar cane is harvested from the beginning of March 

until late October with peaks during the summer months.
The cane has been on the field for about 23 months. Table 
IV shows the frequency of harvests at certain months and at 
certain ages.

Rainfall is an important factor in the harvest 
operations. In general 30 to 40 acres can be harvested 
during a 24-hour period. The factory can handle up to 200 
ton cane per hour. The cane is transported to the mill by 
truck, weighing 40 ton. Some trucks can carry as much as 
60 ton material on specially constructed roads. The 
harvested material consists of 30 to 457o leaves, soil and 
rock. The harvest practices consist of the following 
operations:

a. Making fire breaks with push rakes.
b. Burning the cane preferably during noon when the 

best results are obtained. The main purpose of burning is 
to get rid of the trash and to improve the juice quality.

c. Pushing the cane on windrows. The push rakes 
consist of two sharp blades that cut or push the cane on 
windrows parallel to the flumes at a distance of 30 m. A
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ground crew follows the push rake to cut the remaining cane 
by hand and are followed by a "lillko rake" which pushes 
this cane in the windrow.

d. A bulldozer smooths a hauler road 10 m away from 
the windrow.

e. A crane transfers the cane in the trucks.
f. The cane is transported to the mill. Before 

unloading the trucks are weighed and the truck operator 
punches a card on which field, number of truck, gross 
weight and data are recorded.

These mechanized harvest operations result in efficient 
use of labor, but sugar recovery is reduced. The push rakes 
are supposed to cut the cane at ground level, but under wet 
soil conditions the whole stubble (and with it a consider­
able amount of soil) is removed. Under rainy conditions the 
burning process is not complete. The success of bxirning 
also depends on the variety. Stoniness of the surface soil 
also hampers the harvest operations.

In 1953 the railroad as a means of transporting the 
cane to the mill was abondoned and an additional 45 miles 
of cane hauling roads was constructed.

10. Yield Determination
The harvest supervisor estimates the amount of trash in 

the field for each truck load, which may be as high as 507o. 
After processing the cane in the factory, the net weight,
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TABLE IV

FREQUENCY OF HARVEST 
AT DIFFERENT AGES AND IN DIFFERENT MONTHS 

FOR THE PERIOD 1960-1969, EXPRESSED AS A PERCENTAGE 
OF THE TOTAL NUMBER OF HARVESTS

Month Frequency |[ Age in months1 Frequency

March 6.3% 21-22 2.4%
April 7.5% 22-23 19.1%
May 16.0% 23-24 51.5%
June 14.7% 24-25 24.0%
July 13.4% 25-26 3.0%
Axogust 16.0%
September 13.2%
October 11.4%
November 1.5%

the pol weight in cane and the tons 96DA sugar are 
calculated with the so called "inferential method" 
developed by the H.S.P.A, This information, together with 
the punched card for each inconing truck (see above) 
provides the information needed to determine the yield 
figure for each field. A record is then filled out on 
which management practices, some climatological data and 
yield data are written. The data used in this study have 
been taken from these records.



II. CLIMATE
This section describes the variation in climate in the 

area of WACO. The climatic behavior in Hawaii will not be 
discussed and reference is made to Chang (1963), and 
Blumenstock and Price (1967). In subsequent sections 
rainfall, evaporation, radiation, and temperature in WACO 
will be discussed. The data were collected from observation 
stations in the area for the period 1960-1969. There are 
30 locations where rainfall is measxired and four locations 
where also temperature, evaporation and radiation measure­
ments are taken. While three stations: Office (847),
Opaeula (861), and Walmea (892) have complete records, 
radiation In Kawaihapai (841) was only measured until 
December 1964, after which date it has been out of order 
until November 1969. Therefore the data pertaining to this 
period and -location have been excluded in most statistical 
computations. Figure 1 shows their location. The complete 
set of climatic data used in this study i s  c o m p ile d  in the 
Appendix, Table V.

1. Rainfall
The median rainfall varies from 671 mm in Office to 

1135 mm in Walmea. Variation in a given year however is 
much greater. The lowest annual rainfall during 1960-1969 
was measured In Kawaihapai (600 mm), in 1961, while the 
wettest year was 1965, when 1720 mm of rain was recorded in
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Waimea. Because of the wide variation, the median rainfall 
was chosen as a better estimate than the average rainfall.
The same fluctuations can be observed in the monthly rain­
fall. Figure 3 shows this variation. In general it can be 
said that October through March are the wettest months, 
while April through September are drier. In the lower 
elevations (Kawaihapai: 16 m and Office: 0 m) the highest
rainfall is observed dxiring January and March, but in the 
higher elevations (Opaeula: 210 m and Waimea: 108 m)
heavy rainfall occurs dxiring November and December. The 
driest months are June and August, which is quite pronounced 
in the lower elevations. Table V sxunmarlzes the median 
monthly rainfall for the foxir stations. That the amount of 
rainfall in any given period is a function of elevation is 
discussed by many climatologists (Leopold, 1949; Chang, 1961) 
and may also be observed for this plantation, although 
large deviations do occxir. It should be noted that the 
plantation is located for the most part on the leeward 
side of the Koolau mountains. The northernmost part of the 
plantation receives more rain than other locations at the 
same altitude, while the annual rainfall on the Wahiawa 
plateau is lower in spite of its relative higher elevation. 
Riehl (1949) reports in a study of some aspects of Hawaiian 
rainfall that in contrast to the total precipitation, rain­
fall on days with less than 2.5 mm per day, has little 
seasonal variation. He reports that in WACO 917» of the
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T A B L E  V
MEDIAN R A IN FA LL ,  EVAPORATION, RADIATION AND TEMPERATURE 
FOR METECPCLCGICAL STAT IONS :  ( 1 )  KAWAIHAPAI,  (2 )  O F F IC E ,  
( 3 )  OPAEULA AND (4 )  WAIMEA. OBSERVATION P E R IO D : 1960-1969

(SOURCE:  WACO RECORDS)

I J A N . I F E B . I M A R . I A P R . I M A Y  1 J U N E j J U L Y 1 AUG. ) S E P . i O C T . I NOV. |DEC .1 
MEDIAN MONTHLY RA INFALL  IN MM.

I I  1021 831 1051 521 33| 12| 2 0 1 121 18) 401 701 75l
21 1031 911 1031 431 281 81 351 121 331 521 881 751
31 1131 1001 1201 681 551 3 0 1 60 1 351 451 811 138| 123|
Al  901 901 1481 951 551 551 8 7 1 80 I 55| 85| 1651 1201

MEDIAN MONTHLY EVAPORATION IN MM.
I I  1021 1001 1161 1301 1551 130| 1951 1781 1601 1131 1151 89l
21 951 1001 1321 1421 1701 195| 2031 2101 179i 1451 1051 921
31 951 991 1281 1231 165| 1681 1831 1931 1581 1381 1171 871
41 1171 1271 13E1 1431 1531 1771 1901 1941 1791 135| 1151 94

MEDIAN MONTHLY RADIATION IN  G R .C A L .  PER DAY 
11 3491 3151 3831 4031 4691 510| 5161 4961 476| 408| 302} 2961
21 3411 3501 AC61 436| 5021 5151 5181 5201 4951 4351 3651 327)
31 3351 3271 3831 4091 4611 4961 4901 5351 4 6 4 | 4101 3431 3251
41 3301 3301 3941 4021 490] 488] 5021 4921 4751 4271 3341 337!

MEDIAN MONTHLY MAXIMUM TEMPERATURE IN DEGREE FAHRENHEIT 
l l 7 8 . C l 7 8 . 5 l 7 9 . A l 8 0 . 4 l 8 3 . 9 i 8 5 . 2 l 8 5 . 4 l 8 5 . 7 l 8 6 . 9 l 8 5 . 2 l 8 1 . 7 l 7 9 . 6 i  
2 1 7 8 .1 1 7 3 .2 1 7 6 .7 1 8 0 .3 1 8 2 .7 1 8 5 .6 1 8 5 .1 1 8 6 .0 1 8 6 .1 1 8 4 .2 1 8 0 .9 1 7 9 .7 1  
3 17 7 .0 1 7 5 .6 1 7 7 .8 1 7 7 .7 1 7 9 .0 1 8 1 .5 1 8 1 .5  I 8 2 .6 1 8 2 .2 1 8 1 .6  179.3178.21 
4 1 7 4 .8 1 7 5 .6 1 7 6 .5 1 7 7 .7 1 8 0 .3 1 8 0 .9 1 8 1 .2 1 8 2 .1 1 8 2 .2 1 8 2 .0 1 7 8 .7 1 7 6 .5 1

MEDIAN MONTHLY MINIMUM TEMPERATURE IN DEGREE FAHRENHEIT 
1 16 3. 5162. 6 1 63.2 1 6 4 .5 1 6 6 . I I 6 7 .0 1 6 8 .0 1 6 3 .9  168.1 I 66 .9  I 66 .5164.01  
2 1 6 0 .9 1 5 9 .7 1 6 C .9 1 6 2 . I I 6 3 .9 1 6 5 .3 1 6 6 .7 1 6 6 .4 1 6 5 .6 1 6 4 .7 1 6 4 .4 1 6 1 .7 1  
316 4 .3163 .  2 1 6 4 .2 16 5 .5 16 6 .9  I 6 8 .7  I 6 9 .4 1 6 9 .9  I 70 .0 1 6 3 .5 1 6 8 .  1165.01 
4162 .9165 .  8 166. 6 I 6 7 .9 1 6 6 .9 1 6 4 .4 1 7 1 .6 1 7 1 .2 1 7 1 .4 1 7 0 .0  168.9165.71

MEDIAN MCNTFLY MEAN TEMPERATURE IN DEGREES FAHRENHEIT 
1 1 7 0 .8 1 7 0 .8 1 7 1 . I I 7 2 .4 1 7 4 .0 1 7 6 .5 1 7 6 .7 1 7 7 .6 1 7 7 .4 1 7 6 .9 !7 3 .8 1 7 1 .8 1  
2169. 3169.3 I 6 9 .5 1 7 1 .2 1 7 3 .5 1 7 5 .4 1 7 5 .8  I 76. 1175.7 I 74 .3 17 2 .6 17 0 .  8 1 
3 1 7 1 . 1 1 6 9 . 4 17C.9172 .2172 .7  I 7 4 .8 1 7 5 .3 1 7 6 .0 1 7 6 .8 1 7 4 .6 1 7 3 .7 1 7 0 .8 1  
4171.  1 1 7 1 .0 1 7 1 .4 1 7 2 .9 1 7 3 .9 1 7 5 .3 1 7 6 .3 1 7 7 .  5 I 77 .2  I 75 .9  I 74 .1171.11

MEDIAN MONTHLY DIURNAL D IFFERENCE IN TEMPERATURE ( F A H R . )
I l l 4 .81 13 .  8 1 1 4 .7 1 1 5 .9 1 1 7 .9 1 1 7 .7 1 1 7 .8 1 1 8 .2 1 2 0 .8 1 1 6 .5 1 1 4 .0 1 1 3 .3 1  
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FIGURE 3. MONTHLY FLUCTUATION IN RAINFALL AND MONTHLY MEDIAN 
RAINFALL FOR FOUR OBSERVATION STATIONS (1960-1969)



total precipitation occurs in the form of rainstorms (when 
more than half of the stations in the same region receive 
rain at the same day). The average rainstorm expectancy is 
lowest in June and highest in March. The rainfall distribu­
tion is, therefore, a function of altitude as well as 
location. By calculating third degree polynomial 
coefficients, monthly rainfall distribution maps were 
constructed. Figure 4 shows the trend surface of the annual 
rainfall in WACO. More than 907o of the monthly variation in
rainfall can be explained by location except for Janxiary 

2(r =0.78). This reflects the greater variability in rain­
fall during this month, when trade winds occur only 40% of 
the time and cyclonic weather prevails (Chang, 1963).

2. Evaporation
Evaporation measurements are taken daily from U.S. 

evaporation pans located at four different meteorological 
stations in the plantation.

The annual evaporation varies much less than the annual 
rainfall (see Table VI). During December, January and 
February the evaporation is around 100 mm monthly, while 
during June, July and August evaporation doubles. The 
lowest annual evaporation was recorded in Kawalhapai in 
1960 (1186 mm) while the highest evaporation was during 
1966 in Office (2140 mm). As will be discussed later.
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FIGURE 4. TREND SURFACE OF ANNUAL RAINFALL IN WACO
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evaporation in this location is more strongly correlated 
with radiation than with rainfall.

3. Radiation
The global radiation is measured at four different 

locations. Until 1968 photochemical tubes were used. The 
photochemical measurement of sunlight depends upon the 
decomposition of a solution of oxalic acid, sensitized with 
uranlxjm sulphate, when it is exposed to sunlight. The 
close correlation between the photochemical tube and the 
pyrheliometer, the low capital Investment, and the simplic­
ity of the techniques were the main reasons that this 
method was used widely in Hawaii for solar radiation 
measurements (Brodie, 1964). The "Wig-Wag", vdiich is 
presently installed at all locations in WACO and is considered 
superior to all other field radiation instruments (Brodie, 
1965) is based on the principle of the expansion of the 
gaseous phase of a volatile liquid as a result of the 
conversion of radiant energy to sensible heat. Weekly 
readings were taken and the monthly totals are sxjmmarlzed 
in the Appendix, Table V.

The annual global radiation varies slightly among the 
several locations. Kawalhapai recorded the lowest 
radiation during the 14 years it was in operation, mainly 
because of its location on the north slope of the Waianae 
range. The monthly fluctuation however varies to a much

35



TABLE VI
MEDIAN ANNUAL RAINFALL, EVAPORATION, AND RADIATION 

FOR KAWAIHAPAI, OFFICE, OPAEULA, AND WAIMEA 
(SOURCE: WACO RECORDS)

36

Station
Elevation

m
(lm=3.3 ft)

Rainfall
mm

(25mm=l inch)
Radiation 

Evaporation gr.cal. 
mm (Weekly aver,

Kawaihapai 16 827 1715 3382
Office 0 737 1769 3894
Opaeula 210 1175 1641 3765
Waimea 108 1310 1799 3769

greater extent (see Figure 5). During the winter months
2the radiation totals around 10.000 gr cal/cm per month or 

expressed on a dally basis 333 Langleys , while summer values 
exceed 600 Langleys.

4. Temperature
Maximxjm and minimum te m p e ra tu re  r e a d in g s  a r e  taken 

dally from the same locations. The monthly averages for 
the last 10 years are summarized In Table V of the Appendix. 
In addition the mean monthly temperature and the monthly 
difference between maximum and minimum temperature is 
calculated.

calorie/cm
"k Langley is a unit of energy equivalent to one gram
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The difference in temperatxire between summer and 
winter is more pronounced in the Lower altitudes. February 
appears to be the coldest month. Dxiring the ten-year 
period the lowest temperature was 55.2°F (Kawalhapai, 
February 1962), while the highest temperature was recorded 
in the same year and same location (90.8°F in August). The 
average monthly temperatoore in the two higher located areas 
never dropped below 60°F and reached 87°F only during the 
summer of 1968. Figure 6 shows the monthly fluctuations at 
the four stations. It is apparent that the daily 
fluctuation is greatest during sxmmer and at the low lying 
locations (Kawalhapai and Office).
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III. GEOLOGY, GEOMORPHOLOGY, AND SOILS IN THE WAIALUA 
SUGAR COMPANY INC.

This section briefly describes the main geologic and 
geomorphologic features in the area under investigation and 
will discuss the soils in more detail. Reference is made 
to the extensive geological studies by Stearns (1935).

1. Geology
The island of Oahu is formed by two volcanic ranges: 

Waianae and Koolau. Both volcanic series are dated back 
to late Tertiary or early Pleistocene, but the Koolau 
series are definitely younger. The main portion of the 
plantation is located on residuum of the Koolau series



(see Figure 7)., Stearns (1935) describes it as "aphanitlc, 
porphyrltic, dense, very vesicular and effusive basalts," 
Except where they form cliffs, the surface of these rocks 
is deeply weathered. The basalt is more than 1000 m in 
thickness and near the margin of the range the slope is 
five to ten degrees. Since this basalt is uniformly 
permeable it supplies most of the artesian wells. The 
remainder of the area is alluvial in origin. The following 
geological units are delineated on the geologic map, 
prepared by the U.S. Geologic Survey (1938):

PA-Consolidated non Calcareous Deposits. They are described 
as older alluvium, consisting of mottled red-brown deeply 
weathered, poorly assorted and nearly impermeable 
conglomerates, usually forming conspicuous terraces along 
streams. Near Waialua this alluvium grades into partly 
consolidated sands and silts that are emerged delta 
deposits. The total thickness of these sediments extends 
about 70 m (200 ft) above sea level, while borings show that 
these sediments occur 400 m (1200 ft) below sea level.

RA-Unconsolidated non Calcareous Deposits. These deposits 
consist of younger alluvium, a black to brown fluviatile 
deposit. Near the coast the deposit is described as a 
black sticky mud. The thickness of this sediment does not 
exceed 6 m (20 ft).
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FIGURE 7. GEOLOGIC MAP OF NORTHERN OAHU, SECTION WAIAXUA.



PLs-Consolidated Calcareous Marine Sediments or coral reefs. 
At several locations (see Figure 7) outcrops of coral lime­
stone are observed. Only in the area around Waialua are 
these outcrops within the boundary of the plantation.

Rs-Unconsolidated Calcareous Marine Deposits or beach sand. 
This geological unit is of little importance because it 
does not occur in the plantation area,

2, Geomorphology
The area can be divided in several landscape units:
a. Gentry sloping upland.
b. Nearly level to level coastal plain.
c. Steep gulches.
d. River valleys,
e. Beach sand.
Sugar cane is mainly cultivated on the first two 

landscape units with some fields located in the mouth of 
some river valleys. The gulches intersect the gently 
sloping uplands at many locations (see Figure 8). They are 
sometimes more than 100 m (300 ft) deep and at some 
locations are almost 1000 m (3000 ft) wide. Most of these 
major gulches extend far beyond the plantation boundary 
towards the mountains, but minor drainage patterns originate 
within the observed area. In contrast to the gentle slopes 
of the Koolau side, the Waianae side has steeper slopes 
but a much wider coastal plain. Due to changes in sea
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level several terraces are observed on Oahu and described 
in detail (Stearns, 1934; Ruhe et al., 1965). The latter 
writer concludes, based on morphometric analytical data, 
that two shorelines above present sea level - "Waimanalo" 
and "Kaena" - are distinct on Oahu, while a third level - 
"Hanauma" - may be present. The Waimanalo level is around 
8.5 m above present sea level, while Kaena level shows up 
at 30 m (90 ft) above sea level. A topographic profile taken 
near Haleiwa shows knickpoints at 13 m (40 ft) and 33 m 
(100 ft). These shorelines all developed during the 
Pleistocene, after Oahu was submerged more than 400 m 
(1200 ft).

3. Soils
The Soil Conservation Service (S.C.S.) made a detailed 

soil survey of all the islands and soil boundaries are 
delineated on various aerial photographs. A map (Appendix 
II) is compiled from these photographs and shows the phases 
of the soil series occvirring in WACO. Table VII lists the 
most important soil series with their present classification 
according to U.S. Comprehensive system of classification 
(1970 supplement), and in parentheses the old classification 
(Cline, 1955). For the purpose of this study, some soil 
series that are very similar in nature were combined (Ewa- 
Waipahu; Pulehu-Kawaihapai; Pearl Harbor-Kaena). A 
simplified map showing only the soil series is drawn on
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TABLE VII
SOIL SERIES, OCCURRING IN IRRIGATED PART OF WACO, 

THEIR CLASSIFICATION, TOTAL ACREAGE AND ACREAGE IN WACO

Soil Series

Wahlawa
Lahalna
Waialua
Ewa
Pulehu
Haleiwa
Kawalhapai
Leilehua
Pearl Harbor
Waipahu
Kaena

Classification 
(U.S.D.A. 1970)

Tropeptlc Eutrustox 
Typic Torrox 
Typic Haplustoll 
Arldlc Haplustoll 
Cumullc Haplustoll 
Typic Haplustoll 
Cumullc Haplustoll 
Humoxic Tropohumult 
Typic Tropaquept 
Torrertic Haplustoll 
Typic PelLudert

Classification 
(Cline, 1955)

(Low Humic Lat.) 
(Low Humic Lat.) 
(Low Humic Lat.) 
(Low Humic Lat.) 
(Alluvial) 
(Alluvial) 
(Alluvial)
(Humic Ferr. Lat.) 
(Gray Hydromorphlc) 
(Low Humic Lat.) 
(Gray Hydromorphlc)

Size in hectares 
Total WACO (%)
Hawaii

8565 ha 1722 (39)
6479 1055 (24)
2569 471 (11)
2627 344 (8)
999 190 (4)
962 174 (4)

2580 90 (2)
1915 86 (2)
790 74 (2)
943 122 (3)

1683 56 (1)
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scale 1:132,000 (Figure 9). Soil profile descriptions 
have been made by S.C.S. (unpublished) and several pits 
have been dug and described by this writer. In order to 
compare the most important morphological characteristics 
as well as some genetic factors. Table VIII is conpiled 
from the available information. Leilehua soil series is 
included in this table although this soil is present in 
only two fields. It is, however, an important series in 
the unirrigated plantation. On the basis of parent material 
and physiography the series may be divided into four groups:

Wahiawa and Lahaina: Developed on residuxjm and
alluvium from basaltic rock; located on sloping upland.

Waialua, Ewa and Pulehu: Developed on alluvium from
weathered basaltic rock; located in alluvial fans and river 
valleys.

Haleiwa and Pearl Harbor: Alluviiom and colluvium from
mixed origin and located in coastal plains.

Leilehua: Developed on residuum from basaltic rock in
gently to strong sloping upland.

The texture of the top soil varies from silty clay 
loam, silty clay to clay, while the structure grade varies 
from weak to strong. An important feature that is observed 
in almost all the profiles is the abrupt, wavy boundary 
between the Ap2 horizon and the B horizon. This apparently 
Influences the root distribution: Very few roots appear
below 50 cm (20 inches). The consistency in the top soil is
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generally sticky and, plastic when wet, but Waialua and
Pearl Harbor soils are very sticky and very plastic when
wet, while Ewa is only slightly sticky. This is in general i
agreement with comments made by plantation people, namely 1

[■
that the soils on higher elevations are more easily worked. ■
Although the drainage and permeability as quoted in Table |
VIII do not vary very much (except for the Pearl Harbor i
series) it appears that drainage problems occxir also on the [
Waialua and Haleiwa series. I

f-
s

The soils are in general very deep, but the Haleiwa [
f

series show stratified layers of sand at 100 cm (40 inches) j
and Pearl Harbor soils show peat and muck at depth between ;
50 cm and 100 cm (20 to 40 inches). The chemical properties 
as far as they are available are listed in Table IX. They 
are calculated as an average taken from soil analyses data 
made by H.S.P.A. The distribution of the above mentioned 
chemical properties will be discussed later (see Figures 
24, 25 and 26 in Chapter IV). Although no direct informa­
tion is available on other chemical properties, Cline (1955) 
states that the Low Humic Latosols are practically uniform 
in all mineral constituents throughout the profile.

The cation exchange capacity ranges from 25 meq. per 
100 g in the top soil to 13 meq. per 100 g at 100 cm 
(Swindale and Uehara, 1966). There is a abrupt drop in 
C.E.C. between the Ap horizon and the B horizon. The base 
saturation increases in Wahiawa with depth from 40% to 58%,
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TABLE IX
SOME CHmiCAL AND PHYSICAL PROPERTIES OF THE SOILS 

LOCATED IN WACO (SOURCE: WACO FIELD RECORDS)

Wahiawa 298 66 107 5.5 3.2
Lahaina 394 58 210 6 .6 2.9
Waialua 531 149 665 7.0 3.3
Ewa 313 73 310**’ 6.7 3.2
Haleiwa 398 258 444"̂ 7.0 3.4
Pulehu 1019 315 N.D. 7.0 3.2
Pearl Harbor 383 284 N.D. 6.9 3.0
Leilehua 301 61 82 5.2 3.4

* Expressed as lb per acre foot.
+ Only few data available 

N.D. No determination made.

* * * S.M.C.Soil Series K P Si pH (inches)
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while it is rather uniform in the Lahaina soil series 
(- 50%). Table X shows the total analysis of the Wahiawa 
and the Lahalna soil series. Although the samples were 
not taken from the area discussed here, they are presented 
for later discussion. Very little Information is 
available on the physical properties of the soils under 
question. Although the apparent texture is described as a 
silty clay (except Pearl Harbor) they may contain as much 
as 80% particles smaller than 2 microns. The clay fraction 
is described as kaolinitic, but it is considered mixed 
kaolinitic and montmorlllonitlc in soils belonging to 
Haleiwa, Pulehu and Pearl Harbor. The soil moisture 
capacity has been determined and is listed in Table IX. 
Other characteristics like shallowness, stoniness, 
drainability, and slope are very important for mechanized 
cultivation of sugar cane.

More discussion about the soils and their behavior 
will be presented later (Chapter IV).
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TOTAL ANALYSIS FOR WAHIAWA AND LAHAINA SOIL SERIES

52
TABLE X

EXI’RESSED AS 
FROM TAMURA,

A PERCENTAGE 
1953; LAHAINA

(SOURCE
SERIES

: WAHIAWA SERIES 
FROM SHERMAN, 1959)

Depth
cm

SiOo
%

WAHIAWA
TiO. 
% ^

H,0*

0-25 33 28 17 3 16
25-50 34 29 19 3 12

50-105 32 28 20 3 20

105 31 27 25 5 12

Depth
cm

SiO, 
% ^

LAHAINA 
\ h ° 3  ^®2°3/o /o

TIO.
% ^

H,0*

0-8 31 24 23 5 14
8-37 32 24 24 6 12

37-80 33 25 23 6 12

80-105 33 26 23 5 12

* H 2O represents "Loss on ignition"



CHAPTER III 

METHODS

This Chapter is divided into two sections. Because the 
analysis of plant growth can be approached in many different 
ways, a review of the literature, dealing with these 
approaches is given in the first section.

The second section of this Chapter describes the methods 
used in this research to arrive at a yield analysis of 
sugar cane.

1. METHODS FOR CROP ANALYSIS
Two main approaches to understand the great variability 

in crop yields are generally followed. One method involves 
small-plot techniques in which crop production is examined 
under well defined and completely controlled conditions.
The other approach uses actual field data and seeks to 
Interpret the yield variation in terms of existing ecological 
conditions of soil, climate and applied management practices. 
Both techniques are subject to limitations but offer distinct 
advantages as well. In the case of small-plot techniques, 
the results are often more precise than when farm records 
are used but this technique is more expensive (Odell, 1958). 
The accuracy is shown statistically in a low "between-trial 
error", but as Sandison (1959) points out: "This is not
necessarily a matter of congratulations, but it suggests



that the trial centres may not have been sufficiently 
representative." Barley (1964) indicates that it is more 
important to sample a wide range of the environment than to 
attain high accuracy in individual trials. Kellogg (1962) 
states that yield prediction methods can follow two ways: 
Induction from knowledge of the interactions among soil 
characteristics, the needs of the crop, and the management 
practices or empirical observation of the yield of the crop 
produced on the soil under specified management. In actual 
practice he concludes both approaches should be combined 
and used to check each other.

a . Small-Plot Approach Involving ar Experimental DesIgn_
Butler (1964) makes a distinction between two types of 

designs: Agronomic trials and edaphic trials. In the case
of agronomic trials a site is selected that is as uniform 
as possible with respect to soil conditions and climate and 
a series of plots are established with selected differences 
of kind and level of treatments. Edaphic trials - the term 
was first used by Loveday (1964) - involves a standard 
management practice on plots laid out on different kinds of 
soil. A major shortcoming of this technique is, according 
to Loveday, that only a restricted range of soils can be 
Included in order to avoid other intervening variables. 
Climatic variations easily can confound soil variation. The 
ideal process would be to conduct edaphic studies in glass
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houses to control the climatic factors. However, this 
approach seems realistic only where this type of agricultural 
farming is generally used by farmers. As an example 
Van Llere (1943) related yield of grapes grown in glass 
houses in Holland to 5 different soil types. Carmean (1961) 
conducted a study which could be considered edaphic. He 
related site index of black oak, which characteristic varied 
widely within soil types of South-Eastern Ohio, with a 
number of soil and topographic characteristics by selecting 
96 0.2 acre plots to cover a wide variety of soils. His
results show that characteristics other than those mapped 
show high correlation. His conclusion is that existing soil 
description of soil types should be modified to suit forest 
site quality predictions. From these studies it can be 
concluded that small-plot techniques in experiments where 
the kind of soil is tested can be conducted successfully in 
areas where climate is homogeneous or with perennial crops. 
Agronomic trials give very valuable information about the 
Impact of management on yield, but do not help to predict 
the yield over a large area with variable soil and climatic 
conditions.

8. Farm Records as a Base for Yield Prediction
The Soil Survey Manual (1951) considers farm experience 

potentially the most important source of data on soil 
productivity If these data are accurately recorded over
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a long period of years to account for climatic variation.
This method was used by Odell and Smith (1940) in a study 
of crop yield records by soil type and again by Odell (1959), 
but this time he measured yield variation under various 
environmental conditions. Including some selected management 
practices. In a concluding paper, Odell (1958) states that 
at least 50 observations per kind of soil are necessary to 
make satisfactory crop yield estimates. De Smet (1962) 
followed a similar approach in a soil productivity study 
carried out in Holland. Although the limited accuracy and 
the great variability in yield are major drawbacks in this 
method, it can be applied directly. Vink (1963) states this 
part of agricultural research very strongly: "We should not
be satisfied with just giving theoretical lessons in pedology 
and perhaps some excursions in our soil survey areas, but we 
should also develop a system which really makes our subject 
matter available for daily practice in agriculttire."

c. Other Methods of Yield Prediction
Two highly contrasting methods will be discussed because 

they are widely used in Hawaii. The method of soil 
evaluation developed by Storie is applied in a revised form 
by the Land Study Bureau of the University of Hawaii for 
making land classifications. The method of tissue analysis 
as a basis for crop logging and crop control developed by 
Clements is used in a large group of sugar plantations in 
Hawaii.
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cl. Soil Evaluation with "Storie-Index"
Storie (1964) describes the Storie-Index for rating soils 

as a numerical expression of the degree to which a particular 
soil presents conditions favorable for plant growth and crop 
production under good environmental conditions. The index 
is based on soil conditions only and is "independent of 
other physical or economic factors which might determine the 
desirability of growing certain plants in a given location." 
Although he realizes that the soil is only one of the many 
factors that determine the value of a given area, it is a 
factor that does not readily change. The method is based on 
multiplying the ratings for four factors, expressed as a 
percentage of the most ideal conditions:

1. The character of the soil profile
2. Soil texture
3. Slope of the land
4. Other modifying characters such as drainage, 

salinity, soil acidity, etc.
In Hawaii a fifth factor is added: Average annual

rainfall (Nelson, 1963). In case the land is irrigated this 
factor is valued at 100%. Besides texture is described as 
"apparent texture." This system does not take into account 
other climatic parameters, such as radiation and temperature 
and it assumes a certain management level. As discussed 
many times, these two systems together with the soil system 
determine the productivity of a given site. Another problem
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with the Storie-index Is the degree of subjectivity involved. 
The ratings for the different properties are determined 
according to the favorableness of that factor for plant 
growth, but it remains obscure how this percentage was 
calculated. Buringh (1964) concludes that this method can 
only be used successfully by the inventor in a small limited 
area where soil conditions, agriculture, economic and social 
conditions are very well known.

c2. Tissue Analysis as a Basis for Crop Logging. Crop Control
and Yield Prediction
This system, originally developed for pineapple by 

Nightingale in the 1940's was developed by Clements for 
sugar cane in 1943. The Crop Log is defined as the record 
of the progress a crop makes from its start xintll harvest 
(Clements, 1952). Tissue sampling is done every 35 days.
In addition soil pH, and soil moisture tension is determined, 
but "soil analysis as a guide to the plant's nutrient 
requirements is regarded as archaic." (Clements, 1968)

WACO used the Crop Log, but abandoned it because the 
recommendations based on tissue analysis did not differ 
substantially from the recommendations based on soil 
analysis. However, it should be realized that the fertilizer 
schedule and timing may have been based in part on the 
experience with Crop Log.
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Although the most Important role of the Crop Log is to
properly guide the cane growth until harvest, it was also
used by Clements to establish a prediction equation. Using
the technique of multiple regression for his data collected
during a two-year period, he was able to explain 29%> of the
yield variation with climatic variables only (relative
humidity, wind velocity, maximum and minimum temperatxare and
light). Addition of plant physiology factors realigned the

2weather factors and increased the R value to 0.79. His 
final prediction equation included the following factors in 
order of importance: Sheath moisture, age, mlnim.vim tempera­
ture, maximum temperature and light. The difficulties in 
predicting crop yield based on climatic and physiological 
characteristics is discussed earlier (see Chapter I).

2. PROCEDURES FOLLOWED IN THIS STUDY
In this study the method of using farm records has been 

followed. This was the most logical approach since accurate 
data are generally available in the sugar industry. For the 
sake of uniformity in management practices and yield 
determination, and because of easy accessibility, the V/aialua 
Sugar Company Inc. was selected to test the approach of 
using a combination of growth factors to analyze and 
eventually estimate sugar production. The large amount of 
data available and access to a digital computer (IBM 360) were
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the main reasons for punching all available information on 
IBM cards. The procedures followed can be divided in three 
Steps:

a. Collection and Organization of Data. Management 
practices and yield data for 97 fields varying in size from 
less than 10 ha to more than 80 ha have been recorded since 
1930. These fields were numbered (see Figure 10) and Table 
XI lists the kind of data collected for each field.

Rainfall information was obtained from 28 stations and 
the monthly figures since 1960 were punched. Evaporation, 
radiation, and temperature data (maximum and minlmvim) were 
available for four meteorological stations scattered over the 
plantation (see Figure 10).

A detailed soil map was made available by the Soil 
Conservation Service. By transferring the soil map over the 
field location map, the acreage of each soil mapping unit 
within one field was calculated by using a grid. Additional 
soil information (PH, K, P, soil moisture capacity) was 
punched together with the percentages of the acreage for 
the two major mapping units.

b. Selection and Reorganization of Variay.es
In order to make reliable interpretations, a complete 

set of homogeneous information is required. Since only 
partial data were available during 1930-1940, irregularities 
occurred during 1940-1960 (e.g. second world war, labor
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VARIABLES FOR WHICH DATA HAVE BEEN PUNCHED ON IBM CARDS

Card I : Management + Yield per Field Since 1930

a. Field number b. Acreage harvested in acres
c. Month, year planted d. Month, year harvested
e. Variety used f. Age in months
g. Crop cycle (coded) h. Irrigation rounds
i. Average acre inch j. N applied (lb/acre)
k. K 2O applied (lb/acre) 1. ^2^5 (lb/acre)
m. Ripening days n. total rainfall (inches)
o. Rain after ripening (inches)
p. Ton cane per acre q. Ton sugar per acre

62
TABLE XI

Card II: Climatological Information for 4 Stations

a. Monthly rainfall (inches) b. Monthly evaporation (inches)
c. Monthly radiation d. Monthly min. temp. (°F)

"7  ̂ okg cal/cm"' e. Monthly max. temp. ( F)

Card III: Soil Information per Field

a. Acreage major soil series b. Percentage of total acreage
c. Acreage second soil series of field
d. Percentage of total e. pH

acreage of field f. K (lb/acre foot)
g. ? (lb/acre foot) h. Soil moisture capacity

(inches)



strikes) the reorganized set of data with which statistical 
computations have been carried out includes only data from 
the 1960's. Dxiring this period several varieties were 
cultivated but the major variety occupying the land during 
this period was H 50-7209. Therefore most interpretations 
deal with this variety.

Exceptional management practices were also excluded from 
interpretations such as harvesting or planting during 
December, January or February, growing season exceeding 25 
months or less than 21 months, rounds of irrigation more 
than 40 and acreages harvested less than 10 acres. Also a 
number of fields that occupied many contrasting mapping 
units and those that were located on so called fill land 
(man made soils from the hydro-separator) were excluded.
The rearranged final set of data used for most of the 
statistical interpretations is listed in Appendix I, Table I. 
In addition, a nimber of climatic data belonging to this 
new set of data was calculated by using the data from the 
four meteorological stations. These data are: Total rain­
fall, svimmer rainfall, winter rainfall, rainfall dxiring 
month of harvest, rainfall one month before harvest, total 
evaporation, summer evaporation, winter evaporation, total 
radiation, summer radiation, winter radiation, and average 
daily radiation, maximum temperature at harvest, minimum 
temperature at harvest. In addition, the data were converted 
to the metric system (see Appendix I, Table II). The field
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data were rearranged for some calculations according to crop 
cycle. Since the number of variables are limited by the 
number of columns of a card, rearrangements were sometimes 
made by specially designed programs.

c. Statistical Methods '
Scott (1969) in discussing the kind of statistical 

methods, which can be used for interpreting ecological 
problems, arranged variables according to their nature 
(qualitative, mixture of qualitative and quantitative, 
continuous quantitative) their distribution (normally 
distributed, randomly selected) and their relation to other 
variables (independent of each other, correlated with each 
other). In this study the dependent variable is continuous 
quantitative (T.S.A.M.) but some independent variables are 
qualitative - crop cycle, mapping unit, month of harvest, 
month of planting. To xmderstand the relation between 
independent variables and yield, single linear and ouadratic 
regression technicues were used first with all sets of data, 
then with grouped sets of data. A special program that 
calculates all the necessary statistics for linear and 
Quadratic regression lines and plots the observations as 
well as the regression lines was written.

Analysis of Variance technicues were used to test the 
significance of the Qualitative type of Independent variables 
Stepwise multiple regression, considered by Scott (1966) as
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a method that has all the advantages of multiple regression, 
but in addition is designed to deal with interacting factors, 
has been used to obtain more statistical evidence of the 
significance of the factors that Influence yield. 
Simultaneously these techniques calculate regression 
coefficients, which can be used to generate a prediction 
equation. The predicted values can then be compared with 
the actual values and a plot of predicted against observed 
yields can be constructed. The program used is a canned 
program available at the Computer Center under the code name: 
KID 02 R.

Another statistical device used is the calculation of 
polynomial coefficients, as described in Krumbein and 
Graybill (1965). By using the coordinates for each 
observation point in the field and the value obtained at 
that point (rainfall, yield) polynomial coefficients are 
calculated. These coefficients can then be inserted in 
another program that will plot contour lines according to 
specified intervals. The program can also be modified for 
any desired scale. Schroth (1970) used it successfully to 
make trend surfaces of certain soil characteristics in 
Western Samoa. This technique has been used here to map 
trend surfaces of annual and monthly rainfall and yield 
distribution.
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CHAPTER IV 
RESULTS AND DISCUSSION

In order to clarify the possible relationships between 
sugar yield and variables of the environmental system, this 
Chapter will be divided into several sections. This is 
justified as long as it is kept in mind that the sugar 
production is a function of the total system and not 
dependent on single variables.

Because actual plantation records are used it is not 
possible to relate the whole range of values for a certain 
variable. The two main restrictions are the location that 
sets climatological boundaries and the fact that any 
commercial Industry-in this case a sugar company-tries to use 
the optimal combination of input-management practices-to 
obtain the maximum output-sugar-that is economically 
feasible.

First the history of the sugar production in WACO will 
be discussed since 1930. Although no statistical inter­
pretations have been carried out with all these data (see 
Chapter III), some interesting observations can be derived 
from the average yield.

The second section deals with the sol1-management 
complex in relation to yield, as it occurs in this area, 
while the third section discusses the cllmate-management 
relations to yield.



Since one of the goals is to relate soil mapping units 
to sugar yield, the impact of certain kinds of soil in 
relation to the other variables will be emphasized.

Finally a section is devoted to possible ways to
estimate sugar yield based on earlier observations.

1. HISTORY OF SUGAR PRODUCTION ON WACO SINGS 1930
The total sugar production increased from less than

35.000 ton sugar in the early 1930's to approximately
44.000 ton in the early 1940's (see Figure 11). After 
World War II sugar production raised in less than five years 
to 60,000 ton sugar per year, after which it remained more 
or less constant until 1958, when a labor strike hit the 
plantation. The effect of this strike was still felt in 
1960. During the last decade sugar production increased 
again to 65,000 ton with a peak in 1966 when more than
80.000 ton sugar was produced. Several factors have 
contributed to this increase in sugar production since 1930:

1. Acreage
Until 1945 the total acreage harvested each year did not 

substantially vary from the average 1200 ha. However, during 
1945-1955 around 400 ha more could be harvested per year 
due to improved and mechanized harvest techniques. Although 
occasionally more than 2000 ha per year have been harvested 
during the last decade, on the average 1900 ha have been
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harvested every year. To eliminate this size factor, a 
more useful statistic to be considered is ton sugar per 
unit land (see Figure 12). Periods of significant yield 
increase are 1930-1935; 1942-1953; 1960-1965. Decrease in 
yield is observed during 1937-1939; 1954-1959; 1965-1967.

2. Age of Crop
As will be discussed later, the age of the sugar cane 

plant plays an important role on the yield of sugar. The 
longer the cane is on the field, the higher will be the 
sugar yield up to a certain age. Although during most of the 
years the age varies around 24 months, peaks of over 27 
months occur during strike years often followed by years 
with a relative short crop (see Figure 12). To eliminate 
the age factor, a more realistic figure can be derived:
Ton sugar per lonit area per unit time. The most commonly 
used index is Ton Sugar per Acre Month (T.S.A.M.). Through­
out this discussion yield is expressed as TSAM unless 
otherwise stated. By expressing the yield on a monthly 
basis we see that the peaks in yield expressed as Ton Sugar 
per Acre become depressions when TSAM is considered (see 
Figure 12).

Although a statistical analysis shows that 71% of the 
variation in TSAM can be explained with year of harvest 
(The linear regression equation: TSAM= 0.3516 + 0.0036 x
year of harvest is highly significant), this variable cannot

69



be considered as a growth factor. In addition, major peaks 
and depressions can be observed during these 40 years. While 
four depressions can be explained by labor strikes, this 
does not explain yield Increases during 1939-1940; 1947-1951; 
1961-1964.

3. Varieties
The importance of new varieties is clearly pictured in 

Figure 13. Four major varieties occupied the plantation 
since 1930.

Variety H 109 was the main variety during the early 
1930's. The yield occasionally reached more than 0.50 TSAM. 
Around 1940 a new variety was introduced: H 32-8560. It
reached its peak in 1945 (0.54 TSAM) after which year its 
yield dropped mainly because of a labor strike in 1946. 
Variety H 37-1933 occupied the plantation for more than 
70% during 7 years, reaching average yearly yields of 0.57 to 
0.58 TSAM. It was again a labor strike in 1958 that marked 
the change for a new variety. H 50-7209 turned out to be 
in experiments a very promising variety and it gave 
excellent yields during 1964-1965 (0.625 TSAi'̂  for 1964).
After 1965 it apparently lost its potential. The average 
yield for the four varieties is as follows:

H 109 0.479 TSAM (based on 296 data)
H 32-8560 0.536 TSAM (based on 263 data)
H 37-1933 0.565 TSAM (based on 298 data)
H 50-7209 0.600 TSAM (based on 334 data)
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FERTILIZER APPLICATION AND YIELD IN TSAM DURING FOUR DECADES* 
(FIGURES FOR HAWAIIAN SUGAR INDUSTRY FROM HUMBERT, 1960)
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TABLE XII

Decade

Nitrogen P 2°5 K,
WACO 

kg/ha
(Hawaii)

ton
WACO 
kg/ha

(Hawaii)
ton

WACO
kg/ha

(Hawaii)
ton

TSAM
V7AC0

1930-1940 242 (13,990) 141 (8,409) 108 (10,826) 0.457
1940-1950 195 (11,466) 99 (4,394) 118 ( 9,341) 0.526
1950-1960 280 (15,978) 148 (7,277) 276 (15,479) 0.572
1960-1970 305 118 304 0.582

* War period and labor strike years are excluded.

4. Fertilization
The fertilizer practices have been changed considerably 

over the past 40 years. The greatest variation can be 
observed with total amount of K 2O applied. Table XII gives 
the average amounts of fertilizers applied during the four 
decades and the average yields. In parentheses the average 
amount of fertilizer purchased for all Hawaiian sugar 
plantations is mentioned.

Another interesting aspect that can be derived from 
these historical graphs is that more fertilizer is applied 
during the final years a certain variety is cultivated.
Table XIII summarizes this phenomenon;
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Although K 2O and N applications more than doubled 
during the 1950's it apparently did not affect the yield in 
a positive manner.

The same trend can be observed with variety H 50-7209. 
The low amounts of phosphorus during 1964-1966 do not seem 
to affect the yield. At this stage of the discussion it 
should be realized that most probably other factors override 
the effect of fertilization. A more detailed treatment of 
this aspect will be given later.

Other management practices that have changed during the 
last 40 years are the increased mechanization of almost all 
management practices (The impact on the soil conditions will 
be discussed later) and ratooning practices. As can be seen 
from Table XIV, only a small percentage is ratooned more 
than two times in the last decade (variety H 50-7209) while 
four ratoons were more normal during the 1930's. The effect 
of ratooning will be discussed in a separate section 
because of its important effect on the yield.

2. SOILS AND ITS MANAGEMENT AS A FACTOR IN SUGAR PRODUCTION
The function of the soil in plant growth is complex 

because of the many interactions among its properties and 
with management inputs. Except under specially designed 
circumstances -edaphic trials- it is hazardous to relate 
plant growth to single soil characteristics. Since manage­
ment influences the soil properties (chemical as well as
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FREQUENCY OF RATOONING FOR FOUR VARIETIES 
EXPRESSED AS A PERCENTAGE

TABLE XIV

Crop Cycle H 109 H 32-8560 H 37-1933 H-50-7209“

Plant crop 16% 33% 24% 41%
1st ratoon 19% 30% 23% 34%
2nd ratoon 22% 26% 24% 19%
3rd ratoon 21% 10% 16% 5%
4th ratoon 22% 1% 13% 1%

* Not complete. since variety H 109 was cultivated
before 1930 and variety H 50-7209 is still cultivated.

physical) it is not possible to discuss soil behavior 
without considering management practices. This discussion, 
therefore, will merely assess the potential of the soil under 
various conditions of managar.ent. One way to analyze the 
soil potential is to study those properties that a r e  not 
easily influenced by management. In this respect physical 
and mineralogical soil properties might be studied instead of 
the chemical characteristics. However neither accurate nor 
sufficient data are available for statistical interpretation.

Another way to arrive at certain conclusions with 
respect to the soil potential is an indirect approach. 
Assuming that the management is designed to optimize 
production and that the practices are homogeneous over the



total area, those areas that still give lower yield may be 
considered to have a lower potential under the present system 
of management. This indirect approach will be followed in 
the course of this section.

The function of the soil in relation to plant growth 
can be divided into three groups:

a. Supply of nutrients to the plant.
b. Supply of water to the plant.
c. Supply of a supporting medium to the plant.
Therefore, growth and development of the above-ground

portion of the crop depends largely on the development of 
its root system (Hxmbert, 1968).

The most important and most frequently discussed 
essential nutrients are nitrogen, phosphorus and potassium.
In recent years, the beneficial effect of silicon has been 
demonstrated in upland fields and should be added to this 
list. Although trace elements play an Important role, no 
data are available on this aspect of nutrition in the area 
under study.

The distribution of P, K and Si in WACO is shown in 
Figures 14, 15, and 16. These data represent averages of 
soil samples taken from the top 25 cm, immediately after 
harvest. It is, therefore, not appropriate to use these 
data to describe the chemical properties of the soils. It 
is justified, however, to compare these distribution patterns 
in relation to yield distribution because the method of soil
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analysis is done in the same way in the same laboratory and 
the yield figures are also determined in the same manner for 
the whole area. A general pattern in the nutrient status of 
the area is evident. Available potassium and silicon and 
to a certain extent also phosphorus decrease with increasing 
elevation. The low lying areas - makai fields - in general 
have twice the quantity of available nutrients in the soil 
as the mauka fields, in spite of the heavier fertilizer 
applications in the mauka fields. This significant 
difference in nutrient status can be explained in two ways: 
Soils occurring in the lower regions are characterized by 
clayey texture and some of them contain montmorillonite.
The cation exchange capacity for these soils is about twice 
as much as that of the highly weathered soils of the mauka 
fields (Cline, 1955). The phosphorus-fixing capacity of 
these "bauxitic" soils has been a subject of many studies 
and Dedatta, Fox and Sherman (1963) report that maximum yields 
on these soils are not obtained unless 1000 to 1200 lb P2O5/ 
acre are applied. The availability of phosphorus in some 
Hawaiian soils was the subject of a study by Ayres (1952).
He found only 30 ppm? in Wahiawa top soil, 71 ppmP in 
Lahaina top soil and 700 ppmP in Lualualei (all determina­
tions were made by the "modified Truog technique*)
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* Modified Truog technique uses 0.02 N sulfuric acid 
+ (NH,) ; SO^ (3g/l) at a soil: extractant ratio of 1:100
and addition of a small amount of activated carbon to remove 
organic matter.



The subsoil of Wahiawa and Lahaina (45 cm plus) has 
only 7 to 10 ppm available P. The low silica and potassium 
content are also characteristic for these highly weathered 
soils. In addition, it should be noted that the mauka fields 
are irrigated with mountain water, which contains less than 
1 ppm Si, while the low lying areas receive pump water for 
irrigation, containing more than 30 ppm Si. Fox et al.
(1967) observed a marked change in soluble Si at an elevation 
of 150-180 m in a study of a sequence of soils in the Waialua 
transect and related this to the source of irrigation water 
(see also Figure 16).

The second explanation for this distribution pattern is 
to take into account the fact that these soils have been 
intensively cultivated for many years. Lower yields are 
generally observed in the low lying areas compared to the 
areas of higher elevation. The removal of nutrients from 
the soil will accordingly be greater in the higher producing 
areas. Although no exact data are available for this area 
Humbert (1968) reports that one ton of mi liable cane contains 
around 0.54 kg N, 0.63 kg P2O5 and 2.5 kg K2O. Innes (1960) 
concludes that in the case of potash the correct policy 
should be to tend to overfertilize, rather than under- 
fertilize.

In order to illustrate the relation between yield and 
available nutrients (P and K) after harvest, regression 
equations have been calculated and the linear regression
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lines are represented in Figure 17 and 18. The regression 
equations and the t value to test the significance of the 
regression coefficients are as follows:
TSAI-I = 0.605 - 0.000093 P/foot (t = -2.636 with 77 d.f.)
TSAM = 0.616 - 0.000086 lb K/acre foot (t = -2.837 with 77 d.f.) 
both regression coefficients are highly significant (?=0 .01).
To understand these negative regression coefficients, other 
factors have to be related to yield. Fertilizer practices 
seem to be the logical interfering factor since they are 
based on soil analysis. Figures 19 and 20 show the 
fertilizer application distribution for P90^ and during 
1930-1940 and 1960-1970. If the selected group of yield data 
(see Chapter III, Section 2) are related to the amoxint of 
fertilizers given, no significant correlation is obtained.
This does not mean that there is no response to added P and 
K, but merely that the reconmendations for fertilizer 
practices based on soil analysis are satisfactory. Another 
way of looking at this result is that only a small range of 
possible applications are tested. The majority of fields 
received 400-500 kg K 20/ha and 150-200 kg P20^/ha within this 
selected group. In order to test a wider range of applica­
tions, a group of fields was selected in the makai-mauka 
areas with data on yield and fertilizer applications since 
1930. Although the concept of homogeneity is sacrificed with 
respect to varieties, the results as shown in Figure 21 and 
22 clearly demonstrate the positive effect of increased
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potash applications in the mauka fields. The regression 
equations and the t-value to test the significance of the 
regression coefficient are as follows:

Makai Fields (162 degrees of freedom)
TSAM = 0.532 - 0.000034 kg P20^/ha (t=0.47; r <0.01; N.S.)
TSAM = 0.530 + 0.000001 kg K20/ha (t=0.02; r <0.01; N.S.)

Mauka Fields (186 degrees of freedom)
TSAM = 0.529 + 0.000045 kg P203/ha (t=0.49; r <0.01; N.S.)
TSAM = 0.473 + 0.000245 kg K20/ha (t=6.76; r=0.44; P<0.01)

These results indicate that increased applications of 
K 2O in particular significantly increased the yield in the 
Mauka fields up to 375 kg/ha. Beyond that point the yields 
tend to decrease. The quadratic regression eauatlon is 
also significant at 17.-r = 0.58 and is as follows:
TSAM = 0.378 + 0.001105X - 0.000147X^ (X = kg K20/ha)
This curvllinearity does not necessarily mean that high 
amounts of potash are responsible for lower yield. As was 
pointed out earlier (see Table XIII) higher amounts of 
potash were generally applied during the later part of the 
1960’s, when the yield was declining.

The total set of data since 1930 has been split up in 
four groups by decades. Linear regression equations have 
been calculated for applications of P, N and K and also for 
total rainfall received during the growing period. The 
results are shoxm in Figure 23 while the statistical data 
are given in Table XV.
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AVERAGE APPLICATION OF P , N AND K, AVERAGE TOTAL RAINFALL 
IN irai, THE t-VALUE FOR THE LINEAR REGRESSION COEFFICIENT 

AND THE AVERAGE YIELD DURING THE FOUR DECADES+
1930^40 1940-50 1950-60 1 9 6 ^ 0

TABLE XV

n (number of records)167 353 244 666

P2O5 (ks/ha) 131.01 99.2 147.89 118.35
t -2.99** 0.26 N.S. 4.80’'̂
K 2O (kg/ha) 98.16 118.1 275.79 304.1
t 1.49 N.S. -0.64 N.S. -2.14* 5.78**
N (kg/ha) 225.5 195.09 279.09 308.4
t -2.53** -4.45** -1.94* 3.54**
Rain (mm) 2000 1580 2060 1960
t -3.68 -0.62 N.S. -1.74 NS 4.21
Yield (TSA14) 0.46 0.53 0.57 0.58

+ Excluded are: Period 1940-1945, strike years and
exceptional management practices.

** Means significant at 17o level.
* Means significant at 57o level.

N.S. Means non significant.



Finally yield distribution maps were constructed.
Figure 24 shows the average yield for each field during 
1930-1940 and during 1960-1970, while Figure 25 shows the 
trend surfaces for the same periods. It is now possible to 
explain the foregoing results in a satisfactory manner.

The most significant change in fertilizer practices is 
definitely the potash application which tripled since 
1930-1940. The highly significant positive correlation 
between potash and yield in the mauka fields compared to the 
non-significant correlation in the makai fields demonstrates 
that fertility has been a limiting factor in the upland 
section. This explains the lower yields in the mauka fields 
during the 1930's, demonstrated by the yield distribution 
maps as well as by the rainfall-yield relation, which was 
negatively correlated. (Total rainfall increases towards 
the mountains as can be seen in Figure 26)

Increasing fertilizer applications, potash - as well as 
Si, during the 1960's have apparently diminished the limiting 
fertility factor in the mauka fields. This resulted in 
higher sugar production in the mauka fields than in the 
makai fields during the 1960's. Table XVI sximmarizes the 
fertilizer application and sugar yield in both sections 
during 1930-1940 and 1960-1970.
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FIGURE 25. TREND SURFACE OF YIELD DISTRIBUTION DURING THE
L930's AND THE 1960's
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AVERAGE YIELD, N, AND K,;0 APPLICATION FOR
20 REPRESENTATIVE FIELDS IN^THE MAKAI AND MAUKA SECTIONS 

OF THE PLANTATION DUPJNG L930-L940 AND L960-1970

94
TABLE XVI

1930-1940 1960-1970
K 2O P2O5 N K 2O PjO^ N

TSAM kg/ha kg/ha kg/ha TSAl-i kg/ha kg/ha kg/ha

Makai 0.501 76 66 233 0.558 174 39 292
Mauka 0.469 114 157 231 0.621 365 145 317

This discussion however does not solve the question of 
why makai fields with high natural fertility and a favorable 
climatic setting produce significantly less than the fields 
at higher elevation. What are the limiting factors in this 
low lying area?

To understand this we need to see what other management 
practices have been changed during these forty years.

Aside from fertilizer applications, the degree of 
mechanization changed considerably. A review of the manage­
ment at Waialua (Dupuy, 1966) cites this change as follows:

"Up to the year 1936 there was little mechanization 
in the harvesting operation. The cane was all cut 
and loaded by hand and much of it was hauled from 
the field by mule teams, which drew the cars over 
portable rails to main lines of the railroad. In 
1937 the use of large mobile crawler-type cranes 
was Introduced to grab the cane loose from its 
growing position in the field and load it directly 
into rail cars."

In 1953 railroad hauling was converted to truck hauling, and



in 1963 the plantation introduced the 40-ton hauling truck. 
Although mechanization reduced the number of employees from 
2516 in 1913 to 641 in 1968, the introduction of heavy 
machinery may have affected the physical conditions of the 
soil in a negative manner. Unfortunately, few quantitative 
data are.available on the physical properties of the soils.
It is known that the aggregate stability of soils with a 
high content of sesquioxides is much greater than that of 
soil of montmorillonitic or mixed mlneralogical composition. 
Bennema (1967), in describing the agricultural possibilities 
of latosols, states that these soils have reasonably good 
physical conditions for plant growth, because of their great 
depth and high porosity favorable to root development; their 
stable structxire which causes them to be less susceptible to 
erosi^'n; and, their friable conditions which make them easy 
to work.

Uehara, Flach and Sherman (1962) state that the Low 
Humic Latosols in Hawaii possess excellent physical properties 
and have withstood the use of heavy agricultural equipment 
because of their stable structure. The high aggregate 
stability of these soils according to Cagauan and Uehara 
(1965) is mainly a result of the minerological composition 
of the system: A kaolin-free iron oxide mixture and the 
history of development of the aggregates: the highest degree
of particle orientation was found in samples from areas with 
relatively high rainfall, but having a pronounced dry season.
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Under wet conditions the soils in the low lying areas lose 
much of their structiore and become very plastic, sticky and 
compact, while the upland soils of high aggregate stability 
remain very permeable and keep their structxire under wet 
conditions.

Although no quantitative data are available to underline 
this point, observations from harvest operators confirm that 
the makai section, including soil series like Pearl Harbor, 
Haleiwa, Pulehu and Waialua, is more difficult to work with 
under wet conditions, and they have restricted drainage 
ccanpared to the mauka section of the plantation, Wahiawa,
Ewa and Lahalna soil series. Poor physical conditions are 
aggravated by the use of heavy machinery. Since the same 
equipment is used over the entire area, the fields most 
affected will be those that have less favorable physical soil 
characteristics.

Trouse and Hxmbert (1961) and Trouse (1959) report an 
elaborate investigation on the effect of compaction on the 
growth of sugar cane. They compared the increase in bulk 
density after heavy traffic for the Lahalna and Wahiawa 
series in WACO. Their results show that the bulk density of 
the sxirface soil increased from 1.11 g/cc to 1.71 g'/cc for 
Lahaina and from 1.07 g/cc to 1.62 g/cc for Wahiawa. The 
effect of heavy traffic was still observed at 40 cm depth. 
Although no comparison is made for the heavy clay soils in 
the makai section of WACO, it may be assxmed that compaction
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resulting from heavy traffic will be even more significant 
there. In a separate study they related the growth of roots 
under different levels of compaction. (Different soils were 
compacted in soil cores, then placed in Mitscherlich pots 
and surrounded with loose soil of the same kind. Single eye 
cuttings of sugar cane were planted in the loose soil above 
the core and root growth was determined by rubidium 85 
activity) The results of this experiment show that root 
growth was severely restricted for Low Humic Latosols at 
1.45 g/cc, for Gray Hydromorphic soils at 1.83 g/cc and for 
alluvial soils at 1.54 g/cc. With increasing bulk density 
the roots encounter greater mechanical resistance, but also 
the water and gas permeability are greatly reduced which may 
seriously affect the growth of sugar cane. In profile 
studies, made at several locations in the plantation, it was 
obvious that the bulk of roots was concentrated in the first 
25 cm of the soil.

Because of the absence of quantitative data on the 
physical properties of the soil, soil mapping units were 
compared in relation to yield. They are to a large degree 
described by their visible morphological properties. An 
analysis of variance was carried out to determine if a 
significant difference in yield exists among the soil series: 
Pearl Harbor (0.576) Average of 13 observations
Haleiwa (0.569) Average of 12 observations
Waialua (0,580) Average of 41 observations
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PuLehu-Kawaihapai (0.588)
Ewa (level phase) (0.618)
Ewa (sloping phase) (0.565)
Lahaina (0.602)
Wahiawa (0.616)
Leilehua (0.558)
Total (0.599)

Average of 
Average of 
Average of 
Average of 
Average of 
Average of 
Average of

21 observations 
19 observations 
15 observations 
77 observations 
127 observations 
9 observations 

334 observations

The statistical analysis is as follows:

TABLE XVII
ANALYSIS OF VARIANCE TO TEST THE SIGNIFICANCE ‘ 

OF YIELD DIFFERENCE AMONG NINE SOIL FLAPPING UNITS

Source
Degree of 
Freedom

Sum  of 
S q u a r e s

Total
Between soils 
Within soils

333
8

325

0.91727
0.10775
0.80951

** Significant at 1% level.

M e a n
S q u a r e F - R a t i o

0.01347 5.431
0.00248

There exists a highly significant difference in yield 
among these mapping units. In order to find out which soils 
differ significantly from each other an analysis of variance 
was carried out between every pair of soil units. Table 
XVIII gives the F-ratios calculated in the upper half, while



F-RATIO AND ITS SIGNIFICANCE FOR NINE PAIRS OF SOIL MAPPING UNITS 
(SOILS ARE ARRANGED IN ORDER OF THE AVERAGE YIELD)

TABLE XVIII

Soil Units 1 2 3 4 5 6 7  8

1 Leilehua —  0.16 0.34 0.62 1.72 2.52 4.77 13.6 15.3
2 Ewa (slope) N.S. —  0.05 0.30 1.14 1.89 5.26 16.4 13.6
3 Haleiwa N.S. N.S. 0.08 0.47 0.99 3.27 11.0 9.2
4 Pearl Harbor N.S. N.S. N.S. — 0.06 0.34 2.08 8 .2 5.6
5 Waialua N.S. N.S. N.S. N.S. — 0.31 4.07 18.2 9.2
6 Pulehu N.S. N.S. N.S. N.S. N.S. — 1.02 6 .6 4.6
7 Lahaina 5 5 10 N.S. 5 N.S. -- 3.6 1.4
8 Wahlawa 1 1 1 1 1 5 10 0 .1

9 Ewa (level) 1 1 1 5 1 5 N.S. N.S. --
Average TSAM 0.56 0.56 0.57 0.58 0.58 0.59 0.60 0.62 0.62

vO\0
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Figure V-3. Lysogeny of USDA194 revealed by plaque 
formation on control plates without 
added phage.



in the lower half it is indicated which F-ratios are 
significant at 1% (1), 57o (5) and 10% (10) level.
(N.S. = non significant)

This table shows clearly that Haleiwa, Pearl Harbor, 
Waialua and Pulehu alluvial soils are significantly different 
from Wahiawa and Ewa (level phase), but there is no significant 
difference in yield response within these two groups.
L a h a i n a  i s  I n t e r m e d i a t e  b e t w e e n  t h e s e  t w o  g r o u p s  a n d  i s  o n l y  

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  W a i a l u a ,  H a l e i w a ,  a n d  L e l l e h u a .

While there was only a minute difference in yield 
between the level and gently sloping phase of the Wahiawa 
and the Lahaina series, a highly significant difference in 
yield is observed between the two phases of the Ewa soil 
series. The Ewa soil series in this area located at the 
foot of the Waianae range whose slope is much steeper than 
that of the Koolau range on which the Wahiawa and Lahaina 
series are located (see Figure 27), Consequently, colluvial 
material, consisting of stones and large b o u l d e r s ,  c h a r a c t e r i z e  

the sloping phase of the Ewa series. In addition, this area 
is also subject to occasional erosion, damaging the cane.
T h e s e  f a c t o r s  c o n t r i b u t e  t o  t h e  l o w  y i e l d s  o f  E w a - s l o p i n g  

p h a s e .

A n o t h e r  s o i l  s e r i e s  w i t h  v e r y  l o w  y i e l d s  i s  L e i l e h u a .

I t  i s  l o c a t e d  a t  t h e  h i g h e s t  e l e v a t i o n  i n  t h e  p l a n t a t i o n  a n d  

c l a s s i f i e d  a s  T r o p o h u m u l t .  A s i d e  f r o m  v e r y  p o o r  c h e m i c a l  

c o n d i t i o n s ,  t h e s e  s o i l s  h a v e  a n  i l l u v i a l  B h o r i z o n  a n d

100
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increasing amounts of rain and the degree of cloudiness may 
be another limiting factor in its yield. However, only two 
fields in the plantation (Opaeula 16 and Opaeula 18) are 
located on these soils so that one must be cautious with 
their interpretation.

Although the foregoing discussion indicates that the 
poor physical condition of the soil may be one of the limit­
ing factors in sugar production, the detrimental effect of 
compaction theoretically should be overcome by good soil 
preparation. As indicated in Chapter II, Section 1, the 
soils are subsoiled and turned over by disc plows before 
planting a crop. However, little soil preparation is carried 
out in the case of ratoon crops. Therefore, if compaction 
is a determining factor in sugar production, it should show 
up when plant crop yields are compared with yields of ratoon 
crops. Figure 28 shows the effect of ratooning on the yield 
expressed as TSAM, TSA and TCAI'I.

All t h r e e  e x p r e s s i o n s  of c ro p  production show a steep 
drop in yield with subsequent ratooning. Although the entire 
field is replanted, the effect of deteriorating soil 
conditions is obvious. In order to test the significance of 
this drop in yield, an analysis of variance test was carried 
out between plant crop and first ratoon crop, and between 
first and second ratoon crop. Table XIX gives the results.

There is a highly significant decrease in yield between 
plant crop and first ratoon, but the decrease in yield
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CROP RATOON PLANTING

FIGURE 28. INFLUENCE OF RATOONING ON THE YIELD
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TABLE XIX
ANALYSIS OF VARIANCE BETWEEN PLANT CROP AND 

FIRST RATOON AND BETWEEN FIRST RATOON AND SECOND RATOON

Plant Crop and First Ratoon
Source D.F. Sum Squares Mean Square F--ratio

Total 165 0.45786
Between 1 0.03197 0.03197 12.309*’'"
Within 164 0.42589 0.00260

First Ratoon and Second Ratoon
Source D.F. Sum Squares Mean Square F-ratio

Total 139 0.34303
Between 1 0.00563 0.00563 2.3029 N
Within 138 0.33740 0.00244

** Significant at 1% level
N.S. Non significant

between first and second ratoon is not significant at the 
57o level. Although it would be tempting to compare this 
decrease in yield due to ratooning during the four decades, 
the results are not directly comparable because the 
plantation changed its method of ratooning from mechanical 
ratooning-only those areas replanted where regrowth is poor- 
to ratoon planting-100% of the field replanted. This last 
method is certainly a major step towards reducing the loss



due to damaged cane during harvest operations. As Figure 29 
demonstrates ratooning has always been a factor in lowering 
the yields. While it may have been the result of damaged 
stools before 1960, the decrease in the last decade is most 
probably due to compaction. Also varietal differences may 
be of importance. This is demonstrated during 1950-1960. 
Variety 37-1933 gave higher yields in the first ratoon cycle.

Since it is concluded that compaction may be the main 
reason for yield decrease, a separate comparison was made of 
the effect of ratooning between different soil groups. In 
order to have sufficient data for a reliable average, only 
two groups were compared: Wahlawa, Lahaina and Ewa (level
phase) versus Waialua, Haleiwa, Pulehu and Pearl Harbor.
Table XX gives the average yield for these two groups for 
plant crop, first ratoon and second ratoon.

TABLE XX
INFLUENCE OF RATOON CR OPPING ON THE SUGAR Y IE L D  (TSAM)

FOR UPLAND SOILS (WAHIAWA, LAHAINA AND EWA) AND LOIVLAND SOILS 
(WAIALUA, HALEIWA, PULEHU AND PEARL HARBOR)
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Soils
Plant
Crop

First
Ratoon

Second
Ratoon

Difference 
Pl-2nd rt.

Upland soils 0.629 0.605 0.597 0.032
Lowland soils 0.613 0.574 0.555 0.058
Difference between 
Upland and Lowland

0.016 0.031 0.042
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FIGURE 29. INFLUENCE OF RATOONING ON FOUR VARIETIES



While ratooning affected the yields in both soil groups, 
the decrease in yield is almost twice as much in the alluvial 
soils than in the soils at higher altitude. This difference 
supports the aforementioned belief that compaction is more 
pronounced in soils with poorer structured stability.

Ratooning is a practice generally accepted in the major 
sugar growing areas of the world. Tang (1965, 1969) reports 
on a study of eight, and nine consecutive ratoon crops in 
Taiwan, that no significant loss in cane was found as long 
as the soil productivity is properly maintained; Yamasaki 
(1956) concludes in studies carried out in sugar cane fields 
on the Hilo coast that poor cane growth of ratoon crops 
results from one of the following conditions:

a. A very shallow surface soil.
b. Soil compaction.
c .  S h a l l o w  t i l l a g e  d e p t h .

d. Poor field preparation.
Also, Trouse (1955) Indicates that ratoon fields will 

give a poorer yield because of compacted areas especially on 
the infield roads.

However, soil compaction does not seem to be the only 
reason for poor yields. After two to three ratoon crops, the 
fields are tilled again following the same schedule as in the 
case of the first plant crop. In this way, the original soil 
structure is more or less restored. This second plant crop 
never reaches the same sugar tonnage as the first plant crop
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and the ratoon crops in the second cycle are even worse than 
those in the first crop cycle as is Illustrated in Figure 30. 
A statistical analysis of the difference between these two 
cycles of planted cane is given in Table XXI.

TABLE XXI
ANALYSIS OF VARIANCE OF THE DIFFERENCE IN SUGAR YIELD 

BETWEEN FIRST AND SECOND CYCLE PLANT CROP

108

Source D.F. Sum Squares Mean Square F-ratio

Total 129 0.36192
Between 1 0.01491 0.01491 5.4989*
Within 128 0.34702 0.00271

* Significant at 5% level

There exists a significant difference in yield (P=0.05) 
between cane planted in the first cycle and cane planted in 
the second cycle.

In order to see if this yield decline occurs in the 
whole area, the data were separated into three soil groups 
and the average yield was calculated for the two plant cycles 
within each group. Table XXII shows the result.

A substantial yield decline is apparent within the 
alluvial soils as well as the Lahaina series, while the same 
average yield is maintained within the area of the Wahiawa 
series.
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RATOON RATOON

FIGURE 30. RELATION BETWEEN YIELD AND RATOONING FOR FIRST
AND SECOND PLANT CYCLE



AVERAGE YIELD FOR PLANT CROP-FIRST AND SECOND CYCLE- 
FOR THE VfflOLE PLANTATION, THE FIELDS ON WAHIAWA SOIL, 

LAHAINA SOIL AND ALLUVIAL SOILS
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TABLE XXII

Soils
First
TSAM

cycle
(n)

Second
T s m

cycle
(n)

Yield
Decline

All fields 0.625 (78) 0.603 (52) 0.022
Wahiawa 0.628 (29) 0.628 (16) 0.000
Lahaina 0.634 (23) 0.591 (14) 0.043
Alluvial 0.613 (21) 0.587 (11) 0,026

This yield decline as observed in WACO is also reported 
from other plantations and areas. Hsia and Ou-Yang (1969) 
reported this yield decline in Taiwan, and they concluded 
that the main cause would be the presence of the nymphs of 
"Magannia hebes Walkers." Their studies showed that the 
buds on the njmxph-invested stumps lost their germinating 
ability temporarily after the former crop was harvested.

However it is dubious if this situation exists in WACO 
because fresh seed pieces are planted even in ratoon crops. 
Mills and Vlitos (1965) isolated fungi from a heavy clay 
soil and found that the "fungal genera in the rhizosphere of 
the young ratoons were generally those which utilize sugar 
substrates rather than cellulose." To xdiich extent these 
fungi may cause this yield decline is not known.

Figure 31 shows the average yield in the mauka and makai
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section of the plantation for each harvest year since 1962, 
the percentage of the yield data for first crop cycle versus 
second crop cycle, as well as for plant crop versus ratoon 
crop during the same year.

After 1964 the number of fields in ratooning and planted 
for the second time increased. This augmentation coincides 
with a drop in yield, most strongly felt in the makai area.
A second drop in yield most strongly felt in the mauka 
section occurred in 1967. In this year only 25% of the fields 
were plant crop, while in 1966 50% of the fields were plant 
crop. The third decline was observed in 1969 in the makai 
fields, despite that almost 50% of the fields in that area 
were replanted.

From these observations it can be concluded that the 
increase in ratoon cropping in the later part of the 1960’s 
as well as the Increase in fields planted for the second time 
resulted in a decrease in yield in the late 1960's. While 
ratoon cropping seems to be the major factor in yield decline, 
in the mauka fields, a genuine yield decline-not caused by 
ratooning, as well as a ratoon yield decline, is observed in 
the makai section.

Finally, it should be mentioned that the nutrient status 
in the soil shows an opposite trend. The lowest amount of 
available potassium was found after the 1965 harvest, while 
the potassium reserve steadily increased thereafter.
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3. CLIKiATE AND-MANAGEItENT IN RELATION TO CROP PRODUCTION 
The atmosphere influences crop growth in many ways:

It provides energy in the form of sunlight necessary for 
photosynthesis, it regulates the rate of photosynthesis, 
and respiration through air temperature and the rate of 
nutrient uptake by the roots through soil temperature, it 
provides CO2 and O2 , which are essential in biochemical 
processes and finally it provides water in the form of 
rainfall which is an important constituent of all processes 
in the plant that influence growth.

The processes of photosynthesis and respiration can be 
expressed in the following simplified equations (Chang,
1968) :

Photosynthesis: CO2 + H2O + Energy ___^ (CH2O) + 02*2000 cal,

Respiration: (CH2O) + O2 ____^ H2O + heat of combustion.

From these two equations it becomes apparent that plant 
growth depends on the excess of dry matter production from 
photosynthesis over the loss of dry matter due to respira­
tion. This net gain is called net photosynthesis. While 
photosynthesis only takes place during daylight hours, 
respiration is a 24-hour process. Since respiration 
increases with increasing temperattire, it is obvious that 
areas with a high diurnal temperature difference and a low 
night temperature are potentially high-producing areas. In 
Hawaii, the sugar cane plantations with a large diurnal
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temperature range.and a low night temperature are known to 
have a better juice quality, according to Das (1931).

The correlation between photosynthesis and radiation is 
high for a dense crop with a minimal loss of light. Sugar 
cane in Hawaii, according to Chang (1968), intercepts a 
good deal of sunlight throughout its growing season, with 
radiation playing an important role in the final yield in 
areas of adequate water supply. He reports a straight line 
relationship (Y = -17.77 + 0.055X) between radiation in 
langleys per day and yield in Ton Sugar per Acre at Pepeekeo 
plantation.

However, without an adequate water supply, crop 
production will be reduced. Water, available for plant 
growth can be supplied in three ways: by rainfall, irriga­
tion or ground water. Since the roots of the cane plant are 
considered to be the most important mechanisms of water 
uptake, most attention is given to the avallibility of water 
in the soil. Irrigation practices are largely governed by 
the soil moisture capacity (see Chapter II). To what extent 
the leaves may absorb water is not known, but Chang (1968) 
mentions that many plants can directly absorb moisture from 
unsaturated air of high humidity. In this context Hudson 
(1969) observed a marked response in growth due to a shower 
of less than 1 mm at night for eight-month old cane in a 
commercial field. He found that growth responded better to 
a light shower in the evening than to 50 mm (2 inches)
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surface irrigation the next day. Another climatic factor, 
directly related to irrigation management is evaporation. 
Evaporation and evapotranspiration are closely related and 
according to Chang (1968), the ratio approaches 1.0 for 
sugar cane six months after planting. The evaporation pan 
is therefore used in computing the water needs for the crop. 
This 1 : 1 ratio is strongly criticized by Ewart (1965), 
who found under controlled test conditions for the same cane 
variety a correlation coefficient between evaporation and 
evapotranspiration of 0,39, He states that yields and rate 
of growth per unit area is influenced largely by field

f

operating conditions and not solely by the energy potential 
available in the atmosphere. The evaporation pan registers 
this potential high level of optimum growth and water 
extraction. However different fields would only grow and 
utilize water at a below optimum level. Therefore, 
consumptive use under 1 : 1 ratio concept is based on the 
assumption of absolute storage capacity (of the soil), 
complete utilization (of water) and optimum yield potential. 

The results of yield-climate relationships in WACO will 
be presented in the form of regression equations. Since the 
plantation has 29 rainfall stations scattered over the area, 
the yield-rainfall relationship will be discussed in more 
detail. However, the interactions among factors like rain­
fall, radiation and evaporation have to be considered first. 
Three stations have complete monthly records over the last
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ten years, while radiation measurements in Kawalhapai were 
temporarily stopped as reported earlier. Evaporation can 
not be considered a completely Independent climatic factor; 
the evaporative power of the air is determined by tempera­
ture, wind humidity and especially radiation (Chang, 1968). 
Figure 32 shows the high correlation between evaporation and 
radiation at the three sites, based on monthly averages.
Ekern (1970) however, reports that the correlation between 
daily radiation and dally evaporation is not very significant. 
Strong positive advection of heat from surroundings makes 
evaporation greater than the full net radiation. The 
relation of monthly rainfall and radiation is however 
curvilinear as Figure 33 demonstrates. High rainfall usually 
occurs during short periods and, therefore, radiation levels 
off in months of high rainfall. If the total rainfall for 
a given crop season is compared with total radiation for the 
same period, no relation is observed,-while the relation 
between total radiation and total evaporation is a p p a r e n t  

(Figure 34), The effect of rainfall on yield should, 
therefore, be considered independent of the effect of 
radiation and evaporation on yield. In this area high 
rainfall does not necessarily coincide with low radiation, 
which in other areas might be one of the unfavorable growth 
factors. There are, however, other direct effects of rain­
fall that Influence yield. The total rainfall for the 
growing period is split up in total rainfall received during
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summer and total amount received during winter. Figure 35 
illustrates the unfavorable effect of winter rainfall in 
comparison with the favorable effect of summer rainfall.

The negative effect of rainfall during the winter 
period (October through March) can be explained in many ways: 
Heavy rain storms cause erosion on sloping land to such an 
extent that furrows, following the contour lines, overflow 
and young cane is washed away. In, the low lying areas 
significant drainage problems arise during winter, which may
seriously affect the growth of cane. On the other hand,

/

rain during the summer will be more effectively used by the 
crop because heavy storms are infrequent during the summer. 
According to Leopold (1948) hours of maximum rainfall in 
summer are between 9 p.m. and 7 a.m. at Waimea and Opaeula.
The beneficial effect of rainfall at night has been pointed 
out earlier.

The effect of the seasonal variation in climate on the 
sugar yield can also be seen when the average yield for the 
month in which the cane is planted or harvested is calculated, 
Table XXIII summarizes the general climate in spring, 
summer and fall, for the low Lying areas, represented by 
Office station and the mountain fields represented by 
Opaeula station.
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FIGURE 35, SUGAR YIELD IN RELATION TO TOTAL RAINFALL IN 
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MEDIAN MONTHLY RAINFALL, RADIATION, MAX. TEMPERATURE, 
MIN. TEMPERATURE AND DIURNAL TEMPEPATURE DIFFERENCE FOR 
OFFICE AND OPAEULA DURING SPRING (MARCH, APRIL), SUi'G-IER 
(MAY THROUGH AUGUST) AND FALL (SEPTEi'-IBER THROUGH NOVEMBER)

122
TABLE XXIII

Spring Summer Fall
Office Opaeula Office Opaeula Office Opaeula

Rain (mm) 65 85 22 40 37 60
Radiation (gr.C)420 396 511 455 429 408
Max. Temp, 79.6 77.7 84.8 81.2 83.5 81.1
Min. Temp. 61.9 64.8 65.5 68.7 64.9 68
Diurnal (Diff.) 18.0 12.6 19.3 12.1 18.8 11.8

Except under special conditions, no planting or hairvast 
operations are carried out during winter. Figures 36 and 37 
show the yield fluctuation as a function of the month of 
planting and harvest. The fluctuations generally coincide 
with the climatic fluctuations. Since the age of the crop 
fluctuates between 23 and 24 months, the general trend of the 
planting month should coincide with that of the month of 
harvest. The higher yields during the summer months can be 
explained by the high radiation, low rainfall and high 
diurnal difference in temperature. These conditions are 
considered favorable for high juice quality. By decreasing 
the moisture content of the stalks, cane growth stops and 
dehydration enhances the conversion of reducing sugars to
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sucrose (Humbert, 1968). Therefore, many sugar plantations 
stop irrigation two to three months before harvest.

Cane harvested in early spring cannot adequately ripen 
because of the rainy winter months. This explains the 
lower yields during spring harvest. In addition the uptake 
of ^ and N by the roots is severely restricted at soil 
temperature below 70°F. If it is assumed that the air 
temperature equals the root temperatiore under a full canopy, 
cane growth in winter will be much lower than during the 
summer. Hart (1965) presents definite evidence that low 
root temperattire on sunny days do actually retard transloca­
tion of sucrose from the leaf. This leads to accumulation 
of sucrose in the blade, which may in turn depress the rate 
of photosynthesis and thus decrease yield. Burr (1952) 
points out that in cold, wet soils germination is often slow 
and requires replanting. In addition increasing night 
temperature has a negative effect on the total sugars as 
reported by Humbert (1968). This may affect the drop in 
sugar yield observed in September, when other climatic 
conditions are still optimal. The cane yield shows more or 
less a reverse trend being high in spring and low in simmer. 
This underlines the above statement by Humbert. Shoji (1965) 
reports that lov? minimum temperature is significantly 
correlated with high sucrose content in Puerto Rico and he 
cites Capo (1962) who found a significant correlation of the 
difference between the daily maximum and minimum temperature
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one month before harvest. High diurnal difference in 
temperature is observed in summer months in the low lying 
areas and may favorably influence the sugar yield. However, 
if the sugar yields from the makai fields are compared with 
those of the mauka fields, where a significant lower diurnal 
difference in temperature exists, it becomes apparent that 
the regional variation in temperature is not limiting the 
growth of cane because maxika fields still give higher yields 
than makai fields (see Figxxre 38).

Another observation from this figure is the drop in 
yield in fields harvested in July, compared to June and 
August. This drop in yield coincides with a rainfall peak 
during this month (see Figxire 3), xdilch may negatively affect 
harvest operations.

Finally, some discrepancies between the yield and month 
of planting compared to month of harvest should be discussed. 
The relatively high sugar yield observed in March-harvests 
might be related to the age of the cane. ^The same a rgum ents  

can be put forward when the very low sugar yields, if planted 
in March, are considered. Sugar cane planted in March is 
23.9 months on the field (varying from 23.4 to 25.3 months) 
while sugar cane harvested in March is 22.8 months on the 
field (varying from 21.9 to 23,9 months), while Ton Sugar 
per Acre increases with age. Ton Sugar per Acre per Month 
decreases vath age (see Figure 39). From this figxire it is 
evident that increasing age reduces TSAI4, while TSA levels
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off at 23 to 24 months. The relation between TSAM and age . 
is best expressed by a quadratic regression equation at 1% 
level:
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Y = -0.1326 + 0.0829X - 0.0022X^ , (age between 21 and 26
months).

The low yields obtained when planted in October or November 
may be reflected by the increasing rainfall in this period, 
which often hampers the planting and harvest operations.
In addition, the seed pieces will germinate slowly because 
of low temperatures in winter and the young cane is very 
susceptible to adverse conditions caused by rain storms 
during winter. Also, cane harvested in October has been at 
least 24 months on the field.

Although the seasonal variation in climate has an 
important influence on the sugar yield, it was not possible 
to relate the regional variation in climate to sugar 
production.. The most important draw-back is the few 
observation stations in this area. The three stations, 
where radiation is measured do not satifactorily represent 
the regional variation in climate. In addition, the grouping 
of fields per station as practiced by WACO most probably 
does not represent the actual climatic situation of the 
fields. The "Office group" includes mauka fields, while the 
"Opaeula group" includes makai fields. However, even if onlj 
yields on the fields around the three stations are related



to total radiation, no significant correlation is observed. 
The regression line tends to have a negative slope, meaning 
that the area with higher radiation (Office) gives lower 
yields than those fields with lower radiation (Opaeula).
This same trend has been observed earlier with the nutrient 
status of the soil. As stated before this does not imply 
that radiation, respectively nutrient status have a negative 
effect on yield, but that other factors dominate in this 
area.

It can be pointed out that the radiation figures should 
be corrected to account for the slope factor and the 
exposure to the sun. Sellers (1965) outlines the calcula­
tions Involved. The ratio of solar radiation on a sloping 
plane ) and solar radiation on a horizontal surface
dhor ) expressed as follows:

^pl. cos B cos i sin E + sin 1 cos E cos A
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^hor. ^ -

cos 1 + sin i cotSE cos A

in which:
1 = angle of the sloping surface 
A = A.zimuth angle at noon
E = Solar elevation = (90°- latitude - declination of

the sun)



The ratio has been calculated for two-week Intervals for 
a 5% and 10% slope for S, SE, E, NE, N, NIV, W, and SW facing 
slopes at noon. Figure 40 illustrates the seasonal variation 
of this ratio.

South facing slopes generally receive more radiation 
than North facing slopes during the winter months which 
difference increases with the angle of the slope. During 
the summer months (from May until August) the ratio is 
approximately 1.0, which means that neither slope nor 
exposure influences the amount of sunlight received at this 
Latitude. In WACO, the majority of the fields have slopes 
around 5% and are facing N"W. Radiation in those areas are 
just below 1 throughout the year. It is questionable if this 
difference is measurable. From these calculations it can 
be concluded that corrections for slope and exposure will 
not change the reported radiation measurements significantly. 
Even the North facing fields on the steeper slopes will at 
the most receive 107. less sunlight than the horizontal fields 
and this only during December and January, Another factor, 
that might add to a reduced radiation in this particular 
section is the shadow effect of the Waianae range, whose 
North slope is very steep (see e.g. Figure 27). Although 
no actual radiation data are available for this section, 
sunlight may become limiting in that area. Yields are 
generally lower there. The same trend can be observed in 
the highest section of the plantation located on the Wahiawa
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and Leilehua soil series, which decrease in yield with 
increasing elevation might be correlated with Increasing 
cloudiness.

4. YIELD ESTIMATION
The ultimate goal of any research dealing with crop 

production is to estimate the yield based on measurable 
variables. In the previous sections some of the more 
Important variables have been discussed in relation to crop 
growth. However, most of the analyses were based on the 
relationship between yield and single variables, although in 
some Instances the records were grouped in an attempt to 
remove one of the interacting variables (e.g. crop cycle, 
mauka versus makai section). In this section all variables 
are interpreted simultaneously in relation to yield by using 
the technique of stepwise multiple regression.

The following variables have been used:

A. Climatic Variables
1. RAINS (rainfall in summer) measured in mm
2. RAINW (rainfall in winter) measured in mm
3. RAIMI (rainfall at month of harvest) measured in mm
4. RAINB (rainfall one month before harvest) •' " *'
5. EVA? (pan evaporation on monthly basis)
6. RADI (radiation on monthly basis) gr. cal/lOO
7. MAXT (max. temp, at harvest) in degree Fahrenheit
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8. MINT (mln. temp, at harvest) in degree Fahrenheit
9. DIFT (diurnal difference in temperature at harvest)

B. Management Variables
1. HARM (month of harvest) coded
2. AGE (age in months)
3. CRCY (crop cycle) coded
4. WATt”! (monthly application of irrigation water) in mm
5. NITR (total nitrogen applied) in kg/ha

6. ^2^5 ^2*̂ 5 hg/ha
7. K 2O (total K 2O applied) in kg/ha
8. RIPD (days after last round of irrigation)
Coding of the harvest month and crop cycle was done

according to the average yield for that month or cycle, 
which was determined by using all data. Although it is 
realized that a certain bias is Involved in this practice, 
it is believed to be the most satisfactory way of coding 
these two variables. The coding is as follows:
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Month of harvest Code Crop Cycle Code
March 6.13 Plant crop (1st cycle) 6.25
April 5.92 1st ratoon (1st cycle) 5.97
May 5.97 2nd ratoon (1st cycle) 5.84
June 6.14 3rd ratoon (1st cycle) 5.74
July 6.04 plant crop (2nd cycle) 6.03
Augus t 6.18 1st ratoon (2nd cycle) 5.79



Month of Harvest Code Crop Cycle Code
September 5.88 2nd ratoon (2nd cycle) 5.67
October 5.60
November 5.65

C. Soils
The soil factor was introduced by splitting the data 

in five groups according to the mapping units (see Figure 
41). The following groups were selected:

1. Montmorillonitlc group (Pearl Harbor; Kaena; 
Haleiwa).

2. Alluvial group (Kawaihapai; Pulehu; Waialua (level 
phase)).

3. Lahaina group (Lahaina series, all phases).
4. Ewa, Wahiawa group (Wahiawa (all phases); Ewa 

(level phase)),
5. Sloping group (Ewa and Waialua (sloping and stony 

phases))
In subsequent sections three sets of variables will be 

correlated with sugar yield. First management variables are 
used, secondly management + climatic variables, while the 
third step combines these variables with the above mentioned 
soil groups.

1. Management Factors in Relation to Yield
Table XXIV shows which management variables are
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CORRELATION MATRIX FOR MANAGEMENT VARIABLES AND TSAM
TABLE XXIV

6 7 8

1. HARIT 5 NS 5 NS NS NS NS* 1 **
2. AGE -0.14 5 NS ' NS NS NS NS 1
3. CRCY 0.06 -0.16 NS 1 5 1 NS 1

4. WATM -0.14 0.06 -0 .12 5 5 NS NS NS
5. NITR 0.00 0.09 -0.31 0.16 5 1 NS NS
6. P2O5 -0.03 0.08 0.14 0.15 0.16 1 5 NS
7. K 2O -0 .02 -0.08 -0.28 0.07 0.49 0 .21 1 NS
8. RIPD 0 .10 -0.04 0.07 -0.04 0 .11 0.15 0 .21 NS
9. TSAM 0.38 -0.30 0.32 0.04 0.04 0.04 0.09 -0 .00

* NS = Non significant (r< 0.14)
+ 5 = Significant at 5% level (0,14 < r < 0.18)

** 1 = Significant at 17. level (r>0.18)



significantly correlated with each other and with yield. It 
is obvious from this Table that month of harvest, age of the 
crop, and crop cycle are highly correlated with yield. None 
of the other factors are of significance in relation to 
yield. However, it should be noticed that fertilizer 
application interacts significantly with crop cycle.

Nitrogen and potash applications are negatively, but 
phosphorus application is positively correlated with crop 
cycle. This means that more N and K is applied to the first 
ratoon crop, while more P is given to the plant crop. Table 
XXV shows the average amount of fertilizers applied to plant 
crop and ratoon crop for the mauka and makai section of the 
plantation.

TABLE XXV
AVERAGE AMOUNT OF N, P^O. AND K«0 APPLIED FOR DIFFERENT CROP 
CYCLES IN MAUKA AND MAKAI SECTION OF WACO (.ALL DATA IN kg/ha)

136

Crop Cycle N
Mauka
P2O5 K 2O N

Makai
P2O5 K2O

First plant crop 348 202 364 309 109 205
1st ratoon 360 89 412 336 25 209
2nd ratoon 363 119 431 327 65 250
3rd ratoon 358 198 438 350 149 310
2nd plant crop 353 169 429 330 149 273



Table XXVI shov;s the cumulative R and the regression 
coefficient for each variable. The negative sign for 
ripening days can be explained by the low yields of crops 
harvested in spring. For such crops, the last round of 
irrigation was in late fall, which in turn resulted in the 
high number of ripening days since normally no extra water 
is applied during the winter months. The management factors 
used explain 33.7% of the yield variation. Figure 43 shows 
how the actual yield is related to the estimated values.
The regression line, based on these values is:
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= 0.400 + 0.340 Y est obs

TABLE XXVI
LINEAR REGRESSION COEFFICIENTS AND R^ (CUMULATIVE)

AT EACH STEP FOR MAmGEMENT VARIABLES IN RELATION TO TSAM
Step Variable R^(cum) Regression Coefficient

1 HARIT 0.1483 0.09375
2 CRCY 0.2354 0.09643
3 AGE 0.2800 -0.01251
4 K2O 0.3048 0.00006
5 WATl'l 0.3208 0.00013
6 RIPD 0.3311 -0.00009
7 NITR 0.3366 0.00014
8 P2O5 0.3374 -0.00002

CONSTANT -0.32390



2. Management + Climatic Variables in Relation to Yield 
Although it is realized as pointed out earlier, that 

the radiation and evaporation data for each crop yield do 
not satisfactorily represent the actual radiation and 
evaporation pertaining to that yield, they are included in 
the subsequent multiple correlations mainly to stress the 
point of possible interactions between climatic and manage­
ment variables. Table XXVII shows the significance of 
interactions among those variables that are highly correlated 
with yield.

The most significant interaction between management and 
climatic factors is the happenstance negative correlation 
between crop cycle and evaporation as well as radiation.
This means that the plant crop received less sunlight than 
the ratoon crop. This relation can be explained by means of 
Figures 31 and 42. The radiation during the summer generally 
increased since 1964, the land area under ratooning increased 
but the yield declined during the same period. Table XXVIII 
demonstrates that through stepwise regression techniques it 
is possible to account for this interaction. Radiation, 
which was negatively correlated with yield as a single
variable, is now positively correlated.

2The cumulative R shows that by including the climatic 
variables 45.467o of the yield variation can be explained.
The actual plot of observed versus estimated values (see 
Figure 43) clearly indicates that the scattered points tend
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CORRELATION MATRIX FOR THOSE CLIMATIC AND MANAGEl'IENT
TABLE XXVII

VARIABLES, THAT ARE HIGHLY CORRELATED WITH TSAM

1 2 3 4 5 6 7 8 9

1. HARIRI 5 NS 1 NS NS NS 5 - ,

2. AGE -0.14 5 5 NS 1 1 NS 1

3. CRCY 0.06 -0.16 1 1 1 1 1 1

4. RAINS 0.27 0.14 0.25 NS 1 1 1 1

5. EVAP -0.04 0.01 -0.37 0.03 1 1 1 1

6. RADI -0.09 0.19 -0.35 -0.39 0.49 1 1 1

7. IMAXT -0.09 0.20 -0.27 -0.28 0.24 0.29 1 1

8. DIFT -0.14 0.11 -0.28 -0.46 0.26 0.39 0.64 1

9. TSAM 0.38 -0.30 0.32 0.27 -0.25 -0.27 -0.27 -0.33

NS = Non significant (r < 0.138)
5 = Significant at 5% level (0.138 < r < 0.181) 
1 = Significant at 1% level (r> 0.181) ■p-o
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TABLE XXVIII

LINEAR REGRESSION COEFFICIENTS AND CUMULATIVE R AT EACH STEP 
FOR CLIlvIATIC AND MANAGEMENT VARIABLES IN RELATION TO TSÂ i

Step Variable " '9 ...R (cum) Regression Coefficient

1 HARM 0.1483 0.07043
2 CRCY 0.2354 0.05483
3 DIFT 0.2908 -0.00294
4 AGE 0.3293 -0.01729
5 RAINB 0.3507 -0.00014
6 NITR 0.3780 0.00021

7 WATM 0.3906 0.00017
8 RAINS 0.4079 0.00006
9 EVAP 0.4318 -0.00014

10 K2O 0.4369 0.00003
11 RADI 0.4396 0.00090
12 P2O5 0.4435 -0.00004
13 MINT 0.4472 -0.00208
14 RAINH 0.4528 -0.00007
15 RIPD 0.4542 -0.00004
16 RAINW 0.4546 -0.00000

CONSTANT 0.36978



to concentrate more along the expected line than when 
management variables were correlated alone. The regression 
equation, based on these points is as follows:
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3. Soils. Climate and Management In Relation to field
In order to Introduce the soil factor in the yield 

estimation equation, the fields were divided on the basis of 
soil series. Five groups were formed.

a. The "MontmorilIonite" Group
Within this lowland group evaporation turned out to be

the most significant factor, positively correlated with
yield. Significant negative correlation was found with the
amount of water supplied, rainfall at harvest time, rainfall
during winter and rainfall one month before harvest. This
means that in spite of the relatively low rainfall in this
area, all factors that contribute to more water to the plant
are negative. Poor drainage and stickiness of the soil may
be the main causes for this observation. The average yield
of the data in this group is 0.571 TSA>I (Standard deviation
0.0352) and the regression coefficients as well as the 

2cumulative R are given in Table XXIX. Within this group 
we can explain 84% of the yield variation,

b. The "Alluvial" Group
This group is also located in the makai side of the
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TABLE XXIX

LINE/\R REGRESSIOxN COEFFICIENTS AND CUMULATIVE R^
AT EACH STEP FOR CLIMATIC AND MANAGEMENT VARIABLES 
IN THE "MONTMORILLONITE" GROUP IN RELATION TO TSAM

Step Variable R^ (cum) Regression Coefficient

1 EVAP 0.2829 0.00115
2 WATM 0.3830 -0.00028
3 RAINH 0.4906 -0.00042
4 RAINW 0.6401 -0.00019
5 RADI 0.6704 0.00285
6 DIFT 0.7564 -0.00264
7 AGE 0.7845 0.03453
8 K2O 0.7996 -0.00008
9 P2O5 0.8116 0.00011

10 CRCY 0.8430 0.04385
CONSTANT -0.64097

plantation. Excluded from the alluvial group are those
fields that are stony or very shallow. Table XXX gives the

2regression coefficient and cumulative R .
In this group evaporation again plays a major role but 

is now negatively correlated, while the factors that supply 
water to the cane are positively correlated. Month of 
harvest'and age of the crop seem to be more important 
factors to the final yield.
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LINEAR REGRESSION COEFFICIENTS AND CUMULATIVE 
FOR CLIITATIC AT'ID MANAGEMENT VARIABLES AT EACH STEP 

IN THE "ALLUVIAL" GROUP IN RELATION TO TSAI'I

TABLE XXX

Step Variable R (cum) Regression Coefficient

1
2

3
4
5
6
7
8 
9

EVAP
AGE
NITR
HARI-4
RAINW
RAINS
RAINH
MINT
WATM
CONSTANT

0.3314
0.4227
0.4987
0.5583
0.5770
0.5843
0.5921
0.5959
0.6022

-0.00224
-0.02643
0.00036
0.06705

- 0.00000

0.00005
0.00016
-0.00239
0.00006
1.15015

More than 60% of the yield variation can be explained. 
The average yield for this group is 0.587 TSAM (Standard 
deviation is 0.0413).

c. The "Lahaina" Group
This group occupies the lower part of the upland soils. 

The crop cycle which did not play an important role in the 
previous groups is one of the main management factors in the 
Lahaina group together with the age of the crop. Radiation 
is the most important factor and is negatively correlated
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TABLE XXXI

LINEAR REGRESSION COEFFICIENTS AND CUMULATIVE 
AT EACH STEP FOR CLIMATIC AND MANAGEMENT VARIABLES 

IN THE "LAHAINA" GROUP IN RELATION TO TSAM

Step Variable (cum) Regression Coefficient

1 RADI 0.2911 -0.00148
2 CRCY 0.4454 0.14298
3 RAINB 0.6279 -0.00010

4 DIFT 0.6774 -0.00573
5 AGE 0.7018 -0.01185
6 RIPD 0.7203 -0.00015
7 RAINH 0.7320 -0.00008
8 NITR 0.7365 0.00014

CONSTANT 0.28602

with the yield. Table XXXI gives the statistics for this 
group. Within the Lahaina group 73.65% of the yield varia­
tion is explained. The average yield for this group is
0.603 TSAM (Standard deviation is 0.0486).

d. The "Ewa-Wahiawa" Group
This group occupies the major mauka part of the 

plantation. The close similarity in soil characteristics 
between the Wahiawa and the Ewa series and their same yield­
ing capacity were the reasons to group these soils together, 
although it is realized that their parent material is



different. Because of the large number of data, it was 
possible to split the group up according to crop cycle. 

d-1. ”Ewa-\'Jahiawa*' (Plant crop only)
The month of harvest and amount of water applied were 

the most significant management factors, both positively 
correlated. The amount of P2O5 is also positively correlated, 
but nitrogen application is negatively correlated. Evapora­
tion and radiation are positively correlated, but they do not

2contribute significantly to the cumulative R . The increase 
2in R is given in Table XXXII and the regression coefficients 

are tabulated in Table XXXIII
d-2. ”Ewa-Wahiawa'* (First ratoon planting)
While age of the crop was not significantly correlated 

with yield of the plant crop, it is one of the most important 
factors in the first ratoon and is negatively correlated.
Total water applied is again an important factor, but ^2^5 

well as K 2O are now negatively correlated. That ^2^5 

important in the case of a plant crop, can be explained by 
the fact that the soil preparation methods preceding planting 
bring the subsoil, which has a very high fixing capacity, 
to the surface. Therefore, more fertilizer is needed for 
the plant crop. All the climatic factors are negatively 
correlated with the yield except summer rainfall (see Tables 
XXXII and XXXIII for the statistics).

d-3. Other ratoons in the "Ewa-Wahiawa" group
The month of harvest plays a major role in this group.
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ACCUMULATIVE R SQUARE FOR CL IM A T IC  AND MANAGEMENT VAR IABLES  
IN  THREE CROP CYCLE GROUPS OF THE "EWA-WAHIAWA" GROUP

TABLE XXXII

PLANT CROP 
(BOTH CYCLES

S T E P lV A R IA B L E | R

1 IM.HARV 10
2 I WATER 10
3 ISU M .R A IN IO
4 1P205 10
5 IM IN .TEM P IO
6 IW IN .R A IN lO
7 IN IT R .  10
8 IMAX.TEMPIO
9 IEV A P .  10

10 IRA IN  HARjO

I I F I R S T  RATOON 1
» j 1 ( F I R S T  CYCLE)  1

I i I
S Q l I S T E P I V A R I A B L E l P  SQ1

.0911 1 IWATER 10.221

.181 I 2 lAGE 10.341

.2311 3 iR A IN  BEF IO .431

.2711 4 lM A X .TEM P lO .49 l

.3011 5 1R IP .DAYS10 .521

.3411 6 1P205 10.531

.3511 7 I S U M . R A I N I O . 541

.3711 8 IM I N . T E M P I O . 561

.3811 9 I W I N . R A I N l O . 581

.391 I 10 1K20 10. 591

OTHER RATOONS 11
11

STEP 1 VAR IABLE ! R SQl 1 1 1
1

1-------
1M.HARV

—  1 
. 10.

-- 1 1
.451 1

2 1K20 10,.501 1
3 1SUM.RA INI 0,.531 1
4 lEV A P . 10..551 1
5 IRA IN  HARl 0,.56! 1
6 IR A IN  B EF l 0..581 1
7 IR I P . D A Y S I 0,.601 1
8 IMAX.TE MP| 0..601 1
9 1N IT R . 10..611 1

10 1 WATER 10..611 1

TABLE X X X I I I
REGRESS ION C O EF F IC IE N T S  AND AVERAGE VALUES FOR CL IM AT IC  AND 

MANAGEMENT VAR IABLES  IN THREE CROP CYCLE GROUPS OF THE
••EWA-WAHIAWA" GROUP

PLANT CROP 
(BOTH CYCLES )

F IR S T  RATCON 
( F I R S T  CYCLE)

1
VAR IABLE  1

1 1 
iR E G R .C O . lA V ER A l

1 1 
1R E G R .C O .1AVERA1IR E G R . C O . 1AVER

1 1 1 GE 11 1 GE 11 1 GE

M.HARVESTl 1 0.1C5791 11 1 11 0.185351
AGE MDNTHl 1 i 23.41 1-0.011361 23.71 1 1 23.
WATER MM.l 1 O.CC0461 185 11 0.000271 178 11 0.000111 185
M T R .  11-0.OCO511 350 11 1 361 11-0.000441 3 60
F205 1 1 C.0C0201 185 11-0.000161 89 11 1 143
K20 1 1 1 378 11-O.C00071 393 11 0.C00171 441
SLM .RA IN  1 1 0.0GC031 863 11 0.000051 877 11 0.000031 687
W IN .RA IN  1 1-0 .CC00211507 11-0.0000311485 11 11736
RAIN HAR.l 1 C.0C0161 40 11 1 73 11 0.000321 48
RAIN B E F . l 1 1 64 11-0.000161 87 11-0.000211 71
EVAP.  1 1 0.0CC721 147 11 1 148 11 0.000361 151
RADIATICNl 1 1 125 11 1 125 11 1 130
M A X .TEM P .1 1-0.0C2341 82 11-0.C04411 82 11-0.001651 83
M IN .T E M P .1 

1
CONSTANTl 
TSAM 1

I-0.0CA351 69 1 
1 1 
1 0 .43900 1 
1 0 .631 1

I-0 .C 0 2 8 2 I  68 1

1 1.46291 1 
1 0 .6 1 9  1

1 1 

1 0 .606

68

OTHER RATOONS



Since the average crop age is 23,6 months, most probably 
lower yield is related more to late planting than to late
harvesting. Increasing Potash application also increases

/yield significantly, summer rain and evaporation are also 
positively correlated to crop yield. The statistics for 
this group are also summarized in Tables XXXII and XXXIII.

The three selections of the "Ewa-Wahiawa" group 
explained respectively 397o, 597o and 6l7o of the yield 
variation.

e. "Ewa-Sloping Phase, Waialua-Stony Phase" group
The fields belonging to this group are all located in 

the Western part of the plantation. The average yield is 
only 0.561 TSAî I. Winter rainfall alone explains more than 
237o of the variation and is negatively correlated. This 
confirms an earlier statement about the erosion hazard in 
this area.

The final regression equation however does not include 
winter rainfall, because at subsequent steps in the stepwise 
regression winter rainfall lost its importance and was 
overshadowed by such factors as age,, temperature difference, 
and nitrogen application. The regression equation explains 
almost 837o of the yield variation and reads as follows:
Yield estimated = -1.09755 - 0.02361 AGE + 0.08123 CRCY 
+ 0.00112 NITR - 0.00008 P2O3 - 0.00006 K 2O + 0.00049 RIPD 
- 0.00004 SUMR + 0.00036 RAINH + 0.00440 EVA? - 0.00297 RADI 
+ 0.01479 MAXT - 0.01112 DIPT.
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Although Interaction among different variables in some 
instances defy satisfactory explanation, the grouping of 
fields according to soil type increased the explained 
variation significantly. Figure 43 shows the relation 
between the actual yield and the estimated yield. The 
regression line, based on these values is as follows:

149

^,3, = 0.216 + 0.642

This discussion does not include stepwise regression 
between TSAIT and climatic variables alone, because it is 
questionable to vjhlch extent the yield is related to these 
variables, radiation in particular. It was observed, however, 
that diurnal difference in temperature during the harvest 
month was negatively correlated x/ith yield (r = 0.334), 
rainfall during sxmmer was positively correlated with yield 
(r = 0.269), as was minimxxm temperatxire during the harvest 
month (r = 0.169). For the sake of uniformity Figure 43 
also includes the relation between the actual yield and 
estimated yield based on climatic variables alone.

The most important conclusion that can be drawn from 
Figure 43 is that the yield can be estimated satisfactorily 
only if management, climate and soil are involved together. 
Although it will never be possible to estimate all the yield 
data exactly as observed = ^obs^ linear regression
equations calculated on the basis of the observed and
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J (TSAM OBSERVED) y (TSAM OBSERVED)

FIGURE 43. RELATION BETWEEN OBSERVED AND ESTIMATED YIELDS 
BASED ON FOUR SETS OF VARIABLES



estimated values demonstrate clearly that the equation that 
approaches this estimation line most closely is the one 
based on all three systems.

To what extent are these prediction equations practical? 
The difference between actual and estimated yield can be 
expressed as a percentage of the actual yield. Table XXXIV 
tabulates the percentage of yield data, whose estimated 
values differ more than 10%, 5 to 107., 1 to 57. and less than 
17o from the observed values.
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TABLE XXXIV
PERCENTAGE OF DATA, V/HOSE ESTIIiATED VALUES DIFFER MORE' THAN 
10%, 5 TO 10%, 1 TO 5% AND LESS THAN 1% FROM THE OBSERVED VALUES

Y - Y est obs
Vobs

Management
Variables

Climate + Climate +
Management Management + Soil

More than 10% 12.6% 7.6 2.1

5 to 10% 30.0% 29.9 19.9
1 to 5% 44. 7% 49.4 56.1
Less than 1% 12.7% 13.1 21.9

This Table illustrates that on the basis of the
variables considered and the soil map, one can predict 807. 
of the yield within 57. error. Expressed in terms of TSAM 
this is equivalent to a value of 0.03 TSAM based on an 
average yield of 0.60 TSAM.



The difference between estimated and observed yield can 
also be expressed in a frequency histogram as shown in 
Figure 44. These Figures were compiled by setting up class 
intervals of the difference between estimated and observed 
values. The Figures indicate that the standard deviation 
is significantly reduced when the three systems are combined.

From this discussion it also has become clear that it is 
very hazardous to prepare a yield potential map, because so 
many unmappable climatic and management variables influence 
yield. All that can be said is that under the present 
system of management, the highest average yields can be 
obtained from fields on the "Ewa-Wahiawa" soil complex, 
while the lowest yields are obtained from the "Hontmorillonite" 
complex.
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CHAPTER V 

SUMMARY AIN'D CONCLUSIONS

A s t u d y  h a s  b e e n  u n d e r t a k e n  t o  a n a l y z e  t h e  y i e l d  o f  

s u g a r  c a n e  i n  r e l a t i o n  t o  c l i m a t e ,  s o i l s  a n d  m a n a g e m e n t .

T h e  V J a i a l u a  S u g a r  C o m p a n y  I n c , , l o c a t e d  i n  t h e  n o r t h e r n  p a r t  

o f  O a h u ,  H a w a i i ,  w a s  s e l e c t e d  f o r  t h i s  p u r p o s e .  S o m e  4200 h a  

o f  i r r i g a t e d  s u g a r  c a n e  i s  p r e s e n t l y  c u l t i v a t e d  a n d  c o m p l e t e  

f i l e s  o n  y i e l d  a n d  m a n a g e m e n t  p r a c t i c e s  f o r  a r o u n d  80 f i e l d s  

a r e  a v a i l a b l e  s i n c e  1930. I n  a d d i t i o n  i t  m a i n t a i n s  28 
r a i n f a l l  s t a t i o n s  a n d  f o u r  m e t e o r o l o g i c a l  o b s e r v a t i o n  p o s t s ,  

w h e r e  b e s i d e s  r a i n f a l l ,  e v a p o r a t i o n ,  g l o b a l  r a d i a t i o n ,  

m a x i m u m  a n d  m i n i m u m  t e m p e r a t u r e  a r e  m e a s u r e d .  A d e t a i l e d  

s o i l  s u r v e y  h a s  b e e n  c a r r i e d  o u t  f o r  t h e  S t a t e  o f  H a w a i i  by  

t h e  U . S .  S o i l  C o n s e r v a t i o n  S e r v i c e  a n d  a d d i t i o n a l  s o i l  d a t a  

a r e  c o l l e c t e d  b y  t h e  c o m p a n y .

Sugar cane cultivation is mechanized to the fullest 
extent. A single variety normally covers about 75% of the 
total area. In addition to the plant crop, two to three 
ratoon crops are generally harvested before intensive soil 
preparation - subsoiling and deep plowing - is carried out 
again. While reshaping the furrows and spot replanting was 
the general practice for ratoon cropping before 1960, in the 
last decade 1007o of the field is replanted.

F e r t i l i z e r  p r a c t i c e s  a r e  b a s e d  o n  s o i l  a n a l y s i s  i n  t h e  

c a s e  o f  P ,  K a n d  S i ,  a n d  o n  t h e  v a r i e t y  g r o w n  i n  t h e  c a s e  o f



N application. While Si is broadcasted before plowing 
operations and P is applied in bands at the time of planting, 
K and N are given in several applications by means of 
irrigation water within nine months after planting. The 
main form of irrigation is through furrow application. The 
furrows are connected with the flumes in a so called 
"Herring bone system". Timing of irrigation is based on 
weekly evaporation and rainfall measurements and the soil 
moisture capacity, which is determined for each field.
Harvest operations are scheduled from early March to 
November with peaks during July and August. Since the 
abandonment of railroad hauling in 1953, cane is hauled from 
the field by large trucks and transported to the mill.

The climate in this area is characterized by rainy
winters with up to 100 mm of rain per month from November
until March and dry summers with less than 25 mm of rain per
month from June until September. A distinct rainfall pattern
can be observed with higher amounts of rainfall at higher
altitude. Radiation and evaporation follow the same monthly
pattern as rainfall, but the regional variation is not as
clear, mainly because of the lack of observation sites. It
is known to decrease with elevation, however. Temperature
fluctuation during the year is not as pronounced as the
other climatic factors. The maximum temperature varies from 

o
75 F in winter to 86°F in summer and is 3 to 4 F Less at 
200 m altitude. The minimum temperature fluctuates between
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60°F In winter and 72°F in summer and is 3 to 4 degrees
higher at 200 m altitude. Therefore, the median diurnal 
difference is most pronounced at low elevations during the 
summer months. In general, it can be concluded that the 
fields at low elevation have a more favorable climatic 
environment for sugar production than the mauka fields.

The geomorphological setting of this area is 
characterized by gentle sloping upland, and a level to 
nearly level coastal area. The upland is intersected by 
steep gulches, widening towards the coast.

ALmost 607o of the area is classified as Oxisols 
(Ustox and Torrox) and 30% as Mollisols (Haplustolls). The 
remaining 107> belongs to Inceptisols (Tropaquepts) and 
Vertisols (Pelluderts). Two important sets of character­
istics divide these groups: Chemical properties and physical
properties. The soils at higher elevations, Oxisols, are 
characterized by a low nutrient status but favorable 
physical conditions for plant growth compared to the soils 
at lower elevation.

Using field records as basic material, a management 
data bank has been set up and the yields were statistically 
analyzed: Linear and quadratic regression equations
between sugar yield and independent quantitative variables; 
F-tests for independent qualitative variables; stepwise 
regression to study interactions among various independent 
variables, and trend surface calculations to study certain



distribution patterns. The sets of data were grouped in 
various ways to obtain homogeneous sets with respect to 
certain management practices.

Most of the following conclusions are based on sugar 
yield expressed as Ton Sugar per Acre per xMonth for a single 
variety: H 50-7209.

1. Sugar yield increased from 0.45 TSAM in 1930 to 
0.57 TSAM in the late 1960's. This increase is mainly the 
result of improved varieties, increasing amounts of 
fertilizers, particularly potash, reducing the number of 
ratoons, and changing from mechanical ratooning to ratoon 
planting.

2. Most sugar cane varieties undergo a yield decline 
that cannot be explained by any of the studied variables 
(see also point 6).

3. Seasonal climatic variation plays an Important role 
in sugar yield. Cane harvested during June, July and August 
gives highest yields. This can be explained by the 
favorable climate during these months: High radiation
favors the ripening of the cane. Low rainfall is also 
favorable to ripening, but may be less important than the 
improved field conditions offered by dry weather. The 
opposite situation exists during early spring. Low yields 
during September and October may be caused more by the time 
of planting, vdiich occurs during the same months (average 
age of the crop is 23.7 months). When cane is planted in
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t h e  f a l l ,  i t s  i n i t i a l  g r o w t h  i s  v e r y  s l o w  b e c a u s e  o f  l o w  

w i n t e r  t e m p e r a t u r e  a n d  h e a v y  r a i n s t o r m s  i n  w i n t e r  m a y  c a u s e  

i m p e d e d  d r a i n a g e  i n  t h e  l o w  l y i n g  a r e a s  a n d  e r o s i o n  

h a z a r d s  i n  t h e  f i e l d s  t h a t  a r e  l o c a t e d  a t  t h e  f o o t  o f  t h e  

s t e e p  s l o p e s  o f  t h e  W a i a n a e  r a n g e .  B o t h  f a c t o r s  c a n  d a m a g e  

y o u n g  c a n e  s e r i o u s l y .

4. Field location is an important factor in sugar 
production. Areas at Lower elevation produced significantly 
less sugar than most of the upland fields during the last 
decade, while the reverse situation occurred during the 
1930's. This explains the negative correlation with total 
rainfall during the 1930's and the positive correlation 
during the 1960's, since rainfall is strongly correlated 
with location. The areas at low altitude are characterized 
by a high natural fertility and favorable climatic setting, 
but poor physical conditions especially with regard to soil 
structure and soil consistency. It can be concluded that 
the pattern of yield distribution in the 1930's is mainly 
caused by the fertility level of the soils in this area. 
Increasing amounts of fertilizers - especially potash and 
silicate - have overcome this limiting factor. Introduction 
of heavy machinery and high degree of mechanization alters 
the physical properties of the soil in a negative manner.
I t  c a n  b e  s t a t e d  t h e r e f o r e  t h a t  t h e  l i m i t i n g  f a c t o r  i n  s u g a r  

p r o d u c t i o n  d u r i n g  t h e  l a s t  d e c a d e  i s  t h e  p h y s i c a l  c o n d i t i o n  

o f  t h e  s o i l .  A n  a n a l y s i s  o f  v a r i a n c e  o f  t h e  y i e l d  a m o n g

158



d i f f e r e n t  s o i l  m a p p i n g  u n i t s  e m p h a s i z e s  t h i s  c o n c l u s i o n .

S o i l s  o f  t h e  H a l e i w a ,  P e a r l  H a r b o r ,  W a i a l u a ,  K a w a i h a p a i  a n d  

P u l e h u  s e r i e s  g i v e  s i g n i f i c a n t l y  l o w e r  y i e l d s  t h a n  t h o s e  o f  

t h e  W a h i a w a ,  Ew a  o r  L a h a i n a  s e r i e s .

5. Ratooning reduces sugar production significantly 
in spite of the fact that 1007. of the field is replanted.
S o i l  c o m p a c t i o n  i s  c o n s i d e r e d  t h e  m a i n  r e a s o n  f o r  t h i s  y i e l d  

r e d u c t i o n .  T h i s  i s  m o s t  s t r o n g l y  e x p r e s s e d  i n  t h e  s o i l s  

w i t h  p o o r  p h y s i c a l  p r o p e r t i e s .

6 .  T h e r e  e x i s t s  a  g e n u i n e  y i e l d  d e c l i n e ,  n o t  t o  b e  

c o n f u s e d  w i t h  a  d r o p  i n  s u g a r  y i e l d  a s  a  r e s u l t  o f  r a t o o n i n g .  

A n  a n a l y s i s  o f  v a r i a n c e  t o  t e s t  t h e  d i f f e r e n c e  b e t w e e n  t h e  

f i r s t  a n d  s e c o n d  p l a n t  c r o p  ( i n  b o t h  c a s e s  a  t h o r o u g h  a n d  

i d e n t i c a l  s o i l  p r e p a r a t i o n  w a s  c a r r i e d  o u t  b e f o r e  p l a n t i n g )  

s h o w e d  a  s i g n i f i c a n t  d e c l i n e  i n  y i e l d .  T h e  s e c o n d  p l a n t  

c r o p  g e n e r a l l y  o c c u r r e d  a f t e r  t h e  f i r s t  p l a n t  c r o p  w a s  

r a t o o n e d  t w o  t o  t h r e e  t i m e s .  T h i s  y i e l d  d e c l i n e  w a s  m o r e  

p r o n o u n c e d  i n  t h e  a l l u v i a l  s o i l s  t h a n  i n  t h e  W a h i a w a  s e r i e s .

7. The technique of stepwise regression to estimate 
yield has been used successfully, and observations based 
on relationships between yield and single variables have 
been substantiated with this technique. Climatic variables 
or management variables used alone could not explain more 
than 307. of the yield variation. Combining all the variables 
except the soil factor explained 457o of the variation, but 
dividing the yield data according to their soil mapping unit

159



160

resulted in an increase in R from 457> to 82%. The2

practical result is that using the available information,
807> of the yield data can be estimated within 5% from the 
actual yield.

8. An important finding is that in spite of the 
higher evaporation and lower rainfall in the makai areas, 
increased amounts of water-either as irrigation or as 
winter rainfall or rainfall at harvest- are negatively 
correlated with yield. Poor physical soil conditions is 
obviously one of the major problems in this area,

9. The stepwise regression also pointed out the 
Interactions among variables. Radiation aside from its 
obvious strong correlation with evaporation was also 
correlated to crop cycle, fertilizer application, age.of the 
crop and other variables. It is, therefore, not possible in 
this type of study to place too much emphasis on correla­
tions between single variables and yield, because many 
hidden interactions confound the relationship.



APPENDIX I

TABLES OF MANAGEMENT, YIELD, 
CLIMATIC, AND SOIL DATA USED



T A B L t I
H A N A G E H E N T  P R A C T I C E S  AND YIELD1 DATA

FOR tAC M P L A N T A T I C N FIELD IN "W AIA L U A , SUGAR C O . L T D . " *

flu.y CKGP i^CNTH AGE CR. 1 IRR. TOTAL RIPE F E R T I L I Z E R  1 TON TUN TCN ICANE 1
iifER YEA3 CF IN C Y ­ 1 RNDS V M T E R N ING IN KG/HA . 1 SUGAR SUGAR C AN E 1 S UGAR I

PL 1HA CLE APPL. CAY S N 1P2G5I K2C1 ACRE ACRE ACRE IRATIGI
INK) 1 1 1 R ONT H R C N T H 1 1

«1 #2 *3 «6 1 1 1 1 1

1 1962 1C 110 23.7 0 126.3 3276 59 368 1 o| 2 771 C.635 15.05 5.381 8.51
1 1966 101 9 23.2 2 U O . l 2 718 72 366 1 01 6231 C.561 12.56 6.671 8.3 1
1 19bd 9 1 10 26.6 3 128.2 6 26 6 56 3391 232 1 635 1 C.592 16.65 5.32 1 9.01
2 1963 c 1 10 26.6 1 119.8 2861 68 276| 01 196 1 C.605 16.86 5.351 8.8 1
2 1966 1C 1 9 2 3 . B 2 126.6 3687 95 3 6 8  1 0 1 612 1 C.597 16.20 5.00 1 8.6 1
2 196 7 1C| 8 22.6 3 1 17.6 321C 57 3501 1731 6681 0.636 16.22 5.501 8. 6 1
2 1969 9 1 9 23.8 6 123.6 6 126 75 3351 C 1 503 1 0.558 13.27 6.6 I 1 7.91
3 1963 9 1 10 26.6 1 1 20. 1 2 7 68 82 2511 01 1391 0.666 16.36 5.601 8.11
3 1966 1C 110 23.7 2 125.8 2876 100 360 1 ol 6231 C.586 13.91 6. H2 1 6.21
1 196 7 1C j 9 22.1 3 119.3 2110 55 366 1 1831 6361 C.59B 13.22 6.321 a. 1 1
3 1969 91 9 23.6 6 126.9 65 31 79 3611 Ol 3911 C.69 3 11.66 3.8CI 7.71
A 1 963 1C 1 10 23.1 0 117.3 2262 80 2511 01 139 1 0.607 16.05 5.031 6.31
A 1965 1C 1 1C 23.8 1 125.1 2862 99 3521 01 6161 0.561 12.90 6.691 8.7 1

1969 i c l 9 23.2 6 126.2 6257 86 2971 1781 2861 C.556 12.83 6.52] 7.81
196A 1 1 1 10 23.3 G 120. 7 6C60 70 2 781 01 1901 C . 6 16 16.35 5.311 8.6 1

5 1966 1C 1.10 23.6 1 121.5 52 60 79 3 0 7 1 Cl 303 1 C.566 13.31 6.961 8.81
i; 1968 K I 10 26.6 2 131.5 8506 65 367 1 2571 2 59 1 C.566 13.28 5 . 1 C 1 9.6|
6 196^ £ 1 8 23.6 0 1 22.3 2887 7C 296 1 01 01 0.599 16.0 1 6.631 7.71
6 1966 7 1 7 23.7 1 121.7 36C2 65 3 16 1 Cl 301 1 0.573 13.57 6.381 7.6 1
6 196 3 8 1 8 26.8 2 1 32.6 3757 56 335 1 01 2751 0.562 13.63 6.331 8.01
7 19b3 7 1 6 23.6 1 1 26. 3 3502 187 28 7 1 0 1 96 1 0.566 13.25 5.151 9.11
7 1967 7 1 6 23.6 1 127.0 6292 56 350 1 01 Cl C . 5 6 3 12.75 6.771 8.8 1
7 1969 e 1 7 22.6 6 126. 3 36C9 80 2 86 1 711 711 C . 576 12.97 6. 26 1 7.61
7 1969 e 1 6 23.9 2 1 23.8 68C9 59 366 1 711 71 1 C .533 12.75 6.281 8.0 1
3 19 63 9 1 7 22.3 0 1 20.3 2335 78 1 75 1 0 1 89 1 C.5/6 12 .B6 5.281 9.21
C) 1966 7 1 7 26 .r 1 1 30.6 5102 7C 31fcl Cl C 1 C.59 8 16 . 36 5.611 9 .6 1
3 196 7 fcl 7 23.3 2 121.7 3938 77 3 18 1 01 89 1 0.596 13.83 5.531 9.3 1

ONN3



T A B L E I ( CONTINUED)
MANAGEMENT PRACTICES ANO YIELD DATA

FOR EACH FLANTATICN F I E L D IN "WAIALUA, SUGAR C D .L T D . "

NUM CROP FtNTHl AGE CR. 1 IRH . 1TOTAL R I P E  1 F E R T I L I Z E R  1 TUN TON TON CANE
BER YEAR UF 1 IN CY­ 1RNOS 1WATER NINGl IN KG/HA . 1 SUGAR SUGAR CANE SUGAR

PL 1hA| PC. CLE 1 1A P PL . DAYS 1 N 1P2051 K2C 1 ACRE ACRE ACRE RATIO
1 1 1 ( MM) 1 1 1 1 MONTH MONTH
1 «2 1 1 *3 *4 1 1 1 1

0 1969 9 1 8 122.8 4 121.91 5146 84 1 3501 01 Cl 0.610 13.89 5.37 8.8
8 1969 7 1 e 124. 3 3 127.51 5 2 04 87 1 349 1 Cl 0 1 C.504 12.22 4 .30 8.5

1969 9 1 9124.0 2 123.91 3883 95 1 358 1 01 0 1 C.580 13.92 5.13 8.8
9 1969 9 1 9124.0 2 123.91 3 8 83 95 1 274 1 Cl 671 0.516 12.38 4. 10 7.9
9 19 69 i c i 9123.1 4 122.4 I 6439 114 1 2 32 1 01 0 1 C.539 12.46 5.20 9.6

1C 1964 81 7123.2 0 128.91 5628 65 1 349 1 2031 207 1 C.647 15.02 4. 89 7.6
10 19 66 71 7123.8 1 124.9| 4282 48 1 359 1 01 2771 C.595 14.17 4 .83 8.1
10 19 68 7 1 8 1 24 .6 3 13 4 . 6 1 6746 44 1 355 1 2111 278 1 C.547 13.46 4 .66 8.5
1 1 1965  ̂1 1 3122.5 0 137.91 5 410 92 1 365 1 2281 408 1 0.572 12.86 5 .26 9.2
11 1967 3 1 3123.7 1 128.61 4289 143 1 3471 1571 4191 C.551 13.05 5 .14 9.3
1 1 1969 4 1 4123.9 4 136.81 5639 166 1 36 1 1 2C3I 445 1 C.593 14.32 4 .80 8.0
12 1962 IC I 9 1 22.5 0 126.81 4CC6 65 1 343 1 2C6| 296 1 0.688 15.51 5. 74 8.3
12 1964 9 1 9123.6 1 130.61 4873 57 1 385 1 o| 294 1 0.622 14.69 4 .67 7.5
12 1966 9 110125. 1 2 128.81 5983 57 1 365 1 1221 394 1 C.543 13.62 4 .53 8.3
12 1966 1C 110124.5 4 128.81 59 33 62 1 362 1 1251 39 91 0.544 13.30 4 .87 9.0
12 1968 IC I 10124.3 6 136.41 R772 42 1 363 1 2 59) 551 1 0.536 13.02 5.19 9.7
13 19b3 i c l 1C I24 .0 1 126.11 41 89 60 1 341 1 173) 176) C.549 13.20 4.  76 8.7
14 1963 IC I 10 1 23 .8 0 121 .0 1 3 24 4 74 1 273 1 201 1 277) 0.535 12.76 4 .51 8.4
14 1965 1C 110123.7 1 125.61 3711 75 1 367 1 01 39 71 C.514 12.19 4 .53 8.8
14 1969 9 1 9124.0 3 123.91 3877 68 1 3571 1831 24C 1 C.469 11.26 3. 79 8. 1
16 1964 c j 8122.8 0 121.01 3C44 75 1 2711 01 2 32 1 C .561 12.80 4. 30 7.7
17 19 62 81 8123.5 0 120.31 2968 68 1 246 1 01 1981 C.602 14.17 4 .75 7.9
17 1964 c 1 8124. 1 1 121.41 3C97 ?6 1 322 1 01 1671 C.602 14.51 4 .73 7.9
17 1966 c 1 8122.9 4 119.71 3 102 67 1 324 1 01 2 83 1 C.660 15.14 5.01 7,6
19 19 68 6 1 7124.8 2 138. 1 1 5743 54 1 3 14 1 0 1 Cl C . 4 8 6 12.07 4.3  5 9.0
2 1 1 j6 8 6 1 7 1 22.8 2 118.01 3077 69 1 66 1 o| 0 1 0.52 5 11.97 4. 30 8.2
25 1962 7 1 5122.7 C 127.51 4619 178 1 2 571 19 3 1 265 1 C.595 13.48 5.5 1 9.3

CT>to



T A B L E I ( CGNTINUEU)
MANAGEMENT PRACTICES AND Y IELD  DATA

FOR EACH PLANTAT ICN F I E L 0 IN "WAIALUA SUGAR C U .L T D . " if

NUN CHCP MCNTHj AGE CR . 1 IR R .  1TCTAL R IP E  1 F E R T I L I Z E R  1 TCN TON TCN CANE 1
dEK YEAR LIF 1 IN CY­ 1KNUSI WATER NINGl IN KG/HAi. 1 SUGAR SUGAR CANE s u g a r  1

PL 1HA| NO. CLE A PPL . CAYS 1 N 1P2n5| K2C I ACRE ACRE ACRE R A T I 0 1
1 (MM) 1 1 1 1 MONTH MCNTH 1

*1 1 «2 *3 *4 1 1 1 1 1

25 1964 c 1  ̂1 5123.7 1 126.21 3504 81 1 329 1 01 3971 C.59C 13.99 5.18 8 .B  1
25 1960 P 1 7125.3 2 127.51 4929 91 1 340 1 1151 241 1 C.535 13.53 4 .42 8.31
26 1962 7 1 6122.7 0 1 29.61 7274 213 1 267 1 2501 246 1 G.637 14.44 5.67 8.9 |
26 1964 6 j 5 123.3 1 131.01 6540 79 1 342 1 ol 416| 0.611 14.53 5.54 S . 11
26 19 66 C 1 7125.2 2 1 34.71 6306 83 1 351 1 1 16 1 2411 C. 520 13.09 4 .5C 8.71
2 6 1968 8 1 7122.9 4 1 35.01 7875 78 1 338 1 01 1871 C.6 34 14.54 b,'51 8 .8 1
23 1963 9 1 8123.6 0 123.6 1 2 5 78 66 1 335 1 191 1 K O I 0.624 14.74 5.27 8.4  1
28 1965 E 1 8 1 24.0 1 132.0 1 5583 95 1 355 1 01 402 1 C.590 14. 18 4 .99 8.51
28 1967 9 1 7 122.3 2 122.2 1 2314 81 1 348 1 1591 47C1 C.615 14.04 5.17 8.41
28 1969 8 1 7123.5 3 129.01 2356 88 1 3 42 1 1731 30 51 C.561 13.19 4 .25 7.61
29 1964 K I 9123.9 0 128.31 2603 6C 1 3 161 01 C 1 0.585 13.99 4 .53 7 .7 |
29 19 66 9 1 9123 .4 L 123.91 2443 68 1 34^ 1 991 3421 C.537 12.56 4.33 e. 1 1
29 1968 9| 9124.2 2 136.71 3 3 02 56 1 342 1 2 29 1 234 ) C.580 14.02 4 .75 8.21
30 1962 e 1 8124.3 1 122.5 1 2 168 66 1 353 1 172 1 165 1 0.582 14. 14 4 .69 8.11
30 1962 8 1 8123.8 0 122.51 2188 60 1 3271 2191 1671 0.652 15.51 5.05 7.71
30 1964 8 1 d 1 24. 1 1 125.81 2457 68 1 321 1 01 2 C 1 1 C.601 14.46 4 .66 7.81
30 1964 9 1 3123.2 4 125.81 2457 63 1 282 1 01 22 71 0.576 13.37 4.41 7.71
3C 1966 8 1 8123.5 2 120.2 1 3277 87 1 350 1 98 1 434 1 0.615 14.45 4 .73 7.81
30 1966 E 1 8123.7 5 120.21 3277 83 1 346 1 Ol 406 1 C.598 1 4 .2f 4 .74 7.41
30 1 96 8 8 1 8124.3 3 131.01 2 580 51 1 296 1 C 1 3771 C.623 15.15 4 ,78 7.71
3C 196 8 8 1 a 124.5 6 131.01 2 5 30 51 1 3 39 1 Ol 42 5 1 0.519 12.71 4.C6 7.01
31 1963. 8 1 9124.3 1 125.31 51C8 65 1 369 1 1451 193 1 C.662 16.41 4.98 7.51
31 1963 9| 8124.3 4 125.81 5 1C8 73 1 360 1 1801 180 1 0.666 16 . 16 5.05  ̂. 6 1
31 1965 9 1 9123.3 4 128.51 5764 97 1 3 6 5 1 255 1 36 51 0.639 15.22 5.04 7.9  1
31 1965 9| 9| 24.4 5 128.51 5764 97 1 365 1 Cl 359 1 C.593 14.44 4. 78 8.11
31 1967 9 1 8 122.3 6 122.41 4507 81 1 3671 01 436| C.627 14.27 5. 10 8.11
32 196 3 e 1 S 124.4 0 127.3 1 4 C 13 66 1 344 1 193 1 202 1 0.66 9 16.35 5.36 6.0 1
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«1

CPCP
YEAR

T A B L E  
M A N A G E M E N T  PRACTICl 

PUP EACH P L A N T A T I C N  FIELD

MLNTHl AGtlCR.I I K R . I T C T A L I R I P E  
OF 1 IN | C Y - | K N D S | w A T E R | N l N G  

PLlHAl PC .ICL El  l A P F L . l C A Y S  
I I  1 1 1 (M M ) 1 
I I  1*2 1 1 =X3 1 *A

22 1965 01 8 2A.0 1 131.31 5A22 83
32 1967 0 1 7 22.5 2 1 23.9 1 3519 66
3 2 1969 7 1 7 23.9 3 130.71 5C73 61
33 1962 9 ] a 23.8 0 125.81 A353 56
33 196A 0 1 8 2A.C 1 128.21 A87 8 6 A
33 196 b c 1 8 22.6 A 12A.2 1 A065 53
33 1968 8 1 9 2A.2 5 135.6) A921 57
3A 1966 1C) 9 22.3 0 12A.6i AC83 58
35 1962 9 1 9 2 3. A 1 127.31 3035 52
35 195A 9 1 8 23.8 2 129.01 A 2 1 2 65
35 196A 1C 1 9 22 . 8 A 129.01 A2 12 66
35 1966 1C! 10 2A.b A 12 8 . 1 1 50 79 81
35 1-9 66 9 110 25.1 5 123.11 5079 81
35 1968 1 1 111 2A.1 5 lAC.Ol 5719 55
3 6. 1963 7 1 8 25.1 I 128.81 A 658 68
36 196? 0 1 8 2A.3 A 128.81 A6 5 8 6A
3b 1965 £ 1 8 2A .0 2 13 A . 51 59 68 79
36 1 965 0 1 8 2A.0 5 I3A.5I 5968 77
37 1969 ICl 1C 2A.I 2 13U.2I 5753 75
30 1963 0 1 9 2A.A A 126.01 A C 6 8 72
38 1763 0 1 9 2 A. 9 1 126.31 AG IO 67
3 8 19o9 101 10 2A. 7 6 130.91 6 1C2 6 5
39 1966 10 110 23.9 0 125.81 AA 8 2 75
39 1 960 1C 110 2A. A 1 139.51 6 7 3 A A 3
AC 1963 1C 1 9 23.5 0 122.91 A15 6 1C2
AC 1969 1C 1 10 2A .6 3 137.01 7853 76
A 1 1962 0 1 9 2A.3 1 131.31 A 115 55

1 (COMIKUtU)

F E R T I L I Z  
IN KG/

N IP2U5

JA SUGAR CCJ.LTD."

ER 
4A . 

K2C

TON
SUGAR
ACRE
RCNTH

359 1 01 3871 1 C.677 16.261 5.571 8.2 1
3 55 1 17Al A601 10.6A6 1A.52I 5 .3A I 8.31
376 1 1611 367 11 0.550 13.121 A.2A| 7.71
3A6I 1971 26A I 1C.603 1A.3A 1 A. 8A 1 8.01
33A| Cl AO 5 11 C.572 13.7AI A . 791 8 .A I
36C 1 1271 AA3 11 C.6C0 13.581 A . 98 1 0.31
3671 2531 AA6 1 IC.55A 13.A2 1 A. 52 1 8.2 1
3 7A 1 1311 A19| 1C.611 13.62 1 5.151 6.A I
368 1 1761 276 11C.528 12.361 A.61 1 6.71
3 701 1791 A28| 1C.55A 13.181 A.61 1 9.31
3 53 1 182 1 331 11C.5H5 13. 13 1 A.761 8.11
3 59 1 12 71 AA5I 1C.506 12.531 A . 1 3 1 8.21
3 6C 1 1051 AA2 110.553 13.871 A.A71 8.11
387 1 32 71 A95 11 C.5A9 13.211 5.391 9.8 |
3611 2181 2CA 11C.601 15.081 A.93 1 8.21
329 1 1891 197 110.621 15.071 5.171 8.3|
3 71 1 01 39 6 1 I0 .65A 15.671 5 .57  1 8.5 1
371 1 Ol 3961 1C.596 1A.32I 5 .2A I 8. 8|
3A8 1 o| 2A71 10.528 12.701 A . 511 8.51
2C8 1 0 1 I C l  1 1 C . 666 16.28 1 5.311 8.0  1
275 1 1751 1011 10.512 12.7AI A . A 1 1 8.61
351 1 18CI A05 11C.52A 12.9AI A. 1A| 7.91
32 7 1 Ol 3A7I 1C•566 13.52 1 5.3C 1 9.A|
351 1 01 A71 11 C . A 6 D 1 1 .381 A.9C1 1C.51
266 1 01 186 11 C.63 7 1 A .9 8 1 5.211 8.2 1
363 1 1901 20A 11 C.539 13.251 A. 57 1 8.51
AlA 1 131 1 A51 110.A87 11 .OA 1 A . 1 8 1 8.61

TCN
SUGAR
ACRE

TUN
CA NE
ACRE
M O N T H

CANE I 
SUGAR I 
RAT lOl

I

Ovbn



NUN
BER

*1

42
43 
',3 
43 
4b
45
46 
46 
46 
46 
4 7 
4 7 
4 7 
48 
48 
48
48
49
50 
50 
5C 
50
50
51
52 
52

T A B L E  1 (CONTINUED)
MANAGEMENT PRACTICES  AND Y IELD  DATA

FOR EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C O .L T D . "

CRCP
YEAR

1S66
IS63
1963
1966
1963
1966 
1 963 
1965 
1 967 
1969 
1965 
1965
1967
1963
19t>5 
1 967 
19b9 
1969 
1962 
1962 
196 5 
1967 
1969 
1964 
1962 
19t>4

MCNTH
OF

PLIFA

7
5
4 

1 1
5 

1 1
7
7
6 
6
7
8 
6 
6 
7 
7 
6

1C 
4 
4 

1C 
11 
1 1 

4 
4 
4I z. I

1C
5
5

10
5 

10
7
6 
5 
b 
5
5t;
7
6 
6 
6

10
4
4

11
1C
10
1

AGE
IN
NC.

23
23
24 
23 
2 3
23
24 
22 
23 
23 
23 
21 
23
25 
22 
23
23
24 
23
23
24 
23 
23 
2 3 
23 
23

■3 I  -J  J

.3 

.4 

.7 

.4 

.5 

.0 

.3 

.9 

.3 

.4 

.0 

.8 

.9 

.3 

.9 

. 1 

. 3 

.0 

.8 

.8 

.1 

.5 

. o 

.3 

.0 

.6 
I  I

CR.
C Y ­
CLE

b
0
1
4
C
4 
0 
1 
2
3 
2
5
6
1
n

4 
b 
6 
0 
0
2
3
4 
0 
C 
0 
u

IRR.
RNDS

30. 7 
31.9
34.3 
33.1 
3 0 . B
32.5
26.5
35.7
29.8
30.0
33.1
33.1 
29.7
34.9 
35. 1 
31 .4
30.2 
31.0
36.5
36.5
32.9
34.9
32.4
38.6
31.4
36.4 . 1

TCTAL RIPE
W A T E R N I N G
APPL. CAYS

(MM)
❖ 3 <'4

3376 59
4226 223
3875 217
4576 75
4 550 211
4891 64
4 2 0 6 134
457 8 90
4499 122
4C49 202
43 94 92
4394 92
42 3 2 130
4755 56
3817 81
4741 ICC
4C01 42
4812 50
5C73 164
5C Z3 164
4 819 77
46 50 69
7241 7 3
41 10 106
4 144 162
4386 120
 ̂79 9 148

FERT IL I ZER 
IN KG/HA.

N P2G51 K2C 
I

TON
SUGAR
ACRE
M ONT H

3 50 1 164 1 496 1 1 G.547 12.741 4.611 8.4 1
3571 1981 393 1 1 0.607 14.22 1 5.2CI 8 . 6 1
35 5 1 2171 3981 10.535 13.211 4. 79) 9.0 1
36 7 1 1601 441 1 1C.528 12.341 M. 1 1 1 7.8 1
355 1 2131 3901 1 0.560 13.16) 4.71 1 9.4|
367 1 1501 422 1 1 0.450 10.361 3.431 7.6|
3691 226| 4CCI IC.593 14.391 4 .6 8 1 7.91
361 1 0 1 506| 10.613 14.021 4.71) 7.71
367 1 184 1 5241 10.573 13.361 4.74) 8.3)
391 1 3881 512 1 1C. 599 13.991 4.15) 6.91
355 1 2251 432 1 10.591 13.60 1 4.26) 7.21
355 1 2251 4 321 10.632 13.761 4.851 7.7)
349 1 01 444 1 10.581 13.87) 4.50) 7.71
357 1 1991 4C7I 10.557 14.08) 4.581 8.2 1
362 1 Cl 3841 1C.613 14 .Cl 1 4.371 7.1 1
361 1 146| 4791 1C.697 16.121 5.031 7.21
383 1 1851 407 1 10.593 13.81 1 4.101 6.91
324| 1331 291 1 1C.509 12.211 4.17) 8.21
370 1 287 1 2^91 1 C .612 14.561 5.461 6.9)
3 70 1 2871 299 1 1C.537 13.981 5.351 9.11
44 9 1 01 464 1 10.563 13.68) 5.22 1 9.21
3811 195 1 ^331 1 C.540 12.681 4.52 1 8.4 1
356 1 1711 41o| 1C .5 8 m 13.771 4.1 3 1 7.11
352 1 206 1 50 6 1 1 0 . 6 5 6 15.29) 5.571 8.51
3 86 1 20 3 1 28 8 1 1C.720 16.59) 6.911 9.6 1
3511 1991 404| 1C.629 14.831 5.56 1 8.81
34 7 1 147 1 3891 1C.702 15.641 5.361 8.31

TON
SUGAR
ACRE

TCN
CANE
ACRE
M C N T H

CANE I 
SUGAR I 
RATICI

I
I

O'ON



T A B L E  I (CONTINUED)
MANAGEMENI PRACTICES  AND Y I ELD  DATA

FOP EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C G . L T D . "

NU»̂
BLR

52
53 
53 
53 
53 
53
53 
5A 
5 H 
5^ 
5A
54
55 
55 
5 5

56 
56 
56 
56 
58 
53 
6 0 
60 
6 0 
t.r

CRC P
YEAR

ISbO 
1562 
1965 
1967 
1969 
1969 
1969 
1963 
1965 
1967 
1969 
196 9
1963 
196 3 
196 5 
196 7 
19o9 
19o3 
1965 
1967 
196 9
1964 
19o6 
1962 
1964 
19 66 
196 8

MCNTH
OF

PL

3
4 

11 
11 
11 
1 1 
1C
4C
4c

HA

3
4 

11 
11 
11 
IQ
n
5a
5
4
4
5c
3
4
4
5
c
4
4
6 
6 
7
6
6
5

AGE
IN
ML.

23.7
24.3
24.0
23.1 
23.9
23.6
24.1
24.4
22.2
2 4 . 4
22.5
22.5
23.5
24.4 
22.0
24.4 
2 4 . C 
2 3.6
23.2
22.5
24.2 
23.1 
2 3.9 
2 5.0
22.7 
2 3. J 
2 3.7

CH . 
C Y ­
CLE

♦ 2
2
0
2
3
3 
5
4 
0 
1
4
5
5 
0 
1 
2
3
6 
0 
1
4
5 
0 
1 
0 
I
4
5

IRR.
RNL'S

37.5
33.0 
36.9
33.0
30.8
30.8
30.8 
32 .9 
36. 1
26.1
35.6
35.6
33.0
35.8 
38. 7 
33.5
38.9
33.0
39.0
29.4
39.0
33.5
32.8 
34. 1
31.9 
31 .9 
34. 7

TCTAL 
W A T E R  
APFL. 
( MM)
«3
5390 
3935 
5498 
4347 
5782 
5782 
5782 
495 9  
4 128 
4541 
4 930 
6 93 0  
5139
3 84 8 
4624
4 103 
5047 
3786 
3 548 
3660 
3C9G 
4254
3 279
4 2 79 
4 3 38 
3 94 7 
5317

RIPE
NIN G
LAYS

*4
ICO 
19C 
71 
71 
43 
43 
43 

2Cl 
12 1 
195 
146 
146 
223 
2 12 
136 
16 6 
160 
2 18
170 
176
171 
50

130
83
52

235
01

F E R T I L I Z E R  
IN KG/HA.

N IP205 K2C

TEN
SUGAR
ACRE
MCNTH

3551 1981 42 51 1 0.555 13.171 4.82 1 8.71
366l 2871 2631 10.552 13.421 4.96 1 9.01
42 4  1 0 1 450) 1C.565 13.571 5.331 9.41
3371 1831 414 1 1C.583 13.441 4.971 8.51
342 1 1031 4231 IC.559 13.371 4.081 7.31
425 1 3411 423 1 IC.5H8 13.09 1 4.68 1 0.01
283 1 01 4231 1C.551 13.29 1 5.581 1C. I 1
324 1 1881 3021 10.541 13.211 4 . 80 1 8.91
404 1 Cl 5791 1C.576 12.811 5.121 8.9 1
3611 1791 464 1 1 C .553 13.521 4.901 8.9|
357 1 2671 368 1 10.569 12.811 4.351 7.o|
35 7 1 26 71 366 1 10.527 11.871 4.431 8.4 1
344 1 1931 391 1 1C.520 12.20 1 4.971 9.61
350 1 2171 3 78 1 1 C . 5 1 8 12.651 4.651 9.0 1
4 321 Cl 5051 1 C.568 12.48 1 4.94 1 8.71
343 1 1261 4241 1C.472 11 .521 4 . 6 9 1 9.9j
4121 174| 567 1 1C. 531 12.751 4.161 7.0 1
342 1 1951 3911 1C.569 13.42 1 4.661 8.21
415 1 0 1 5001 1 0.592 13. 72 1 5.36 1 9.11
3 69 1 162 1 4A2 1 1 C.582 13.111 4.81 1 8.31
4 1 6 1 18DI 46 4 1 10.563 13.611 4.211 7.51
3 39 1 1<-̂ 8| 29 11 1C . 634 14.631 4.591 7.2 1
366 1 01 40 9 1 1C.595 14.241 4.171 7.0 1
36 7 1 2171 393 1 1C.6C2 15.061 4. 74 1 7.9|
356 1 01 40 5 1 1C .641 14.54) 4 .831 7.31
3 53 1 1231 456 1 1C.607 14.171 4.111 6.8 1
349 1 o| 5751 1C.6G1 14.261 4.651 7.71

TCN
SUGAR
ACRE

TCN
CANE
ACRE
M C N T H

CANE 
SUGAR 
RAT 10

O N

'- J



T A B L E I (CUNT I N U E D )
M A N A G E M E N T  P R A C T I C E S  AND Y lELD1 DA T A

FOP LA CH F L A N T A T I C N  FIELD IN " vnaIALUA, S U G A R  C O . L T D . " if

NUM C'^CP MC NTH AGE CR . 1 IHR. 1TO TAL RIPEI F E R T I L I Z E R  1 TON 1TUN TCN CANE
BhK YcAR OF IN CY- 1R N D S 1WAT £R NINGl IN KG/HA . 1 SUGAR) SUGAR C A N E SUGAR

PL 1HA KC. CLF 1 1APPL. CAYS 1 N 1P205I K2G 1 ACRE 1ACRE ACRE RAT 10
1 1 (MM) 1 1 1 1 MONTHi M C N T H

♦I *2 1 1 *3 X=4 1 1 1 1 1

61 1962 5 i 6 25.6 1 1 34.91 4362 53 1 3 84 1 1741 3 79) C.587I 15.02 4 .88 8.3
61 19 64 7| 6 2 3.1 0 129.41 3 8C7 56 1 353 1 1871 369) C .6611 15.25 4.75 7.2
61 1964 6 1 5 24.2 2 132.81 44C3 57 1 3 57 1 01 2751 C.6C71 14.67 4.3 2 7. 1
61 1966 6l 6 24.2 1 131.o| 4613 257 1 3621 01 39 7 1 C.4761 11.52 3.4 6 7.3
6 1 1966 7 1 6 23.0 4 131.61 4613 250 1 3671 1201 443 1 C.605I 13.91 3.87 6.4
62 1963 5) C 24.4 1 131.91 3341 238 1 3711 2091 40 4 1 C.557) 13.59 4.60 8.3
63 19 63 ICI '7 23.5 0 126.51 3776 61 1 327 1 197 1 4081 C.5991 14.09 4. 70 7.8
63 1965 9 1 9 23.5 1 135.91 5017 75 1 3 97 1 01 3991 0.611) 14.37 4.48 7.3
62 1967 9 1 IG 25.0 2 134.21 4 2 5 7 ec 1 352 1 178 j 4 7C 1 C.512I 12.02 4.27 8.3
63 1 969 K I 10 23.3 3 127.01 4 C 2 9 6C 1 351 1 1691 4C7I C . 5571 13.00 3. 82 6.9
64 1963 K I 9 23.4 0 124.61 3634 60 1 ^33 1 1971 40 5 1 C.539I 12.62 4. 02 7.5
c4 1965 91 9 23. 6 1 135.01 49 4 3 77 1 3831 Cl 413 1 C.587I 13.88 4.22 7.2
64 19b7 9 11C 26.0 2 1 3 4 . 8l 53 9 3 66 1 352 1 1691 4 721 C.525I 13.13 4. 1C 7.8
64 1969 1 1 110 23.6 3 131.01 4 3 63 57 I 3431 163 1 5C1 1 0.516) 12. 12 3. 75 7.3
66 196 4 6 1 5 22.8 0 129.01 4'46 5 165 1 3 56 1 200 1 4151 C .6061 13.84 4.32 7.1
66 1966 c 1 5 24.3 1 135.01 44 C 9 222 1 391 1 391 4711 C.597I 14.52 4.5C 7.5
65 196'3 6 I 6 23.9 0 136.31 44 3 7 108 1 3 59 1 1801 642 1 C.602I 14.38 4 . IR 6.9
6 6 196d2 51 4 23.1 0 131.91 3628 17C 1 361 1 2 201 3 78 1 C .6511 15.06 5,93 9. 1
66 1 96 4 4 1 3 23.0 1 132.31 3 8 59 95 1 35 8 1 1781 5 03 1 0.6321 14.51 5.45 £ .6
66 1 966 4 1 4 24. 1 4 129.61 330 7 198 1 3 49 1 130 1 436 1 C.627) 15.12 5.36 8.5
66 1968 4 1 4 2 3.7 6 130.01 4644 149 1 3521 20C 1 5 3 6 1 0 .5661 13.42 5. 10 9.0
67 1962 101 10 24.6 C 131.4| 5283 62 1 339 1 206) 404 1 C .65^1 16.00 5.30 8,1
07 1 964 K I 9 2 3.2 1 131.71 4 2 6 3 71 1 347 1 11 8 1 3 34 1 C.681I 15.77 5.00 7.3
67 1 966 K I e 2 2.9 2 129.91 47 4 6 59 1 355 1 8 a 1 5?3 1 r.aoci 13.74 4.3 7 C . 7
67 1963 9| 9 24.4 0 134.4) 5314 53 1 349 1 188 1 4 3 9 1 0.57CI 13.92 4.12 7.2
. 11 1 n i- ') 11 c 1 u It/. 1 1 n 1 J 1 ? \ c c ̂ 1 1 X79 1 ? 5H 1 3 7 (: 1 f. .6381 15.39 5.8 6 9.2

M
O N

00



NUM
3ER

63
68
6b
66
69
69
69
77
77
79 
6C
80 
80 
81 
01 
61 
61 
82 
82 
83 
83 
83 
83
34 
6 A
35

T A d L E I (CONTINUED)
MANAGEMENT P k ACTICES AND Y I E L D  DATA

EOF EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C C . L T D . "

CRCP
YEAR

1966 
1966 
1963 
196 8
1963
1965 
1969
1964 
1964
1966
1963 
19o5
1967 
1962
1964 
19 66
1968 
196 4 
1966 
1962 
1964 
1966 
1968 
19 66 
1968 
1962

MCNTH
CF

PL

5 
1 1 
1C 
1C 
7 
7

IC3

t  1 I

6r? t

HA

AGE
IN
MC.

25.3
24.4 
22.8
23.3
22.7
23.8 
2 2 . 1
22.7
23.7
23.1
23.4
22.2
23.6 
2 3.6
23.7
21.7
24.8
22.9 
22.8 
24. 1
23.5
22.9 
24.0
22.5 
24.2 
2 3.7

CR.
CY­
CLE

IKR .
RNUS

33. 7
30.8 
32 . 8
32.8 
28.0 
36.7 
26.2
25.0
30.0
27.0 
36. 8
37.4 
3 6.8
32.6
30.0
26.7
39.8 
31 .5
27.8
31.4
29.3
28.4
37.1 
26. 7 
38.0

0 132.57 Ion *71

t c t a l
WATER 
A PPL .  

( MM) 
«3
3959 
3857 
5789 
5789 
3345 
4 14 7 
3327 
34 C6 
4 2 8 9  
48 3 2 
4 139 
4 333 
4 783 
4865 
464 9
4 165 
5999
5 685 
5351 
487 4 
4 805 
4 622 
5954 
4 3 35 
4 816 
4 679

T 7

R I F E  
N ING 
CAYS

«4
202
211
151
151
7C
62
80

137
139
94

182
146
145
67
71

102
1C3c r,
117
65 
58 
86

102 
208 
1 8C
66 
K 7

FERT I L I Z E R  
IN KG/HA.

N P2U5I K2C

TCN
SUGAR
ACRE
MCNTH

383 1 01 4741 IC.598 15.101 4.82 1 e.ii
356| 1321 413 1 1 C .568 13.841 4.681 8.21
355 1 1841 5621 10.596 13.601 5.291 8.91
356 1 1911 565 1 1 0.552 12.351 4. 89| 8.9 1
2811 199| 404 1 10.637 14.451 5. 171 8.11
377 1 01 40 3 1 1C.647 15.391 5.151 8.0 1
346 1 2031 492 1 1C.542 1 1 .961 3.811 7.01
3371 01 0 1 1 C.641 14.561 4.911 7.71
335 1 01 C 1 10.530 12.551 4.471 8.4|
3 30 1 1511 3111 1 C .543 12.531 5.26 1 9.7 1
341 1 1671 296 1 10.531 12.411 5.C61 9.51
348 1 2271 404 1 10.636 14.091 5.491 8.6|
329 1 303 1 471 1 1 C .580 13.711 5.411 9.31
333 1 227) 297 1 1C.693 16.381 5.311 7.71
350 1 01 403 1 1C.633 15.C0 1 4.711 7.41
349 1 1101 406 1 1C.690 14.951 4.941 7.21
349 1 1981 437 1 1C .566 14.031 4.771 8.41
337 1 1931 202 1 1C.727 16.671 5.711 7.91
3371 01 36C 1 10.632 14.431 5.201 8.21
344 1 254| 3CC 1 10.627 15.101 4.941 7.91
34 8 1 Gl 39 8 1 10.652 15.331 4.881 7.51
34 8 1 85 1 432 1 IC.653 14.061 4.821 7.41
3 59 1 2251 451 1 1 C.59P 14.371 4.711 7.91
3 50 1 120 1 431 1 10.725 16.351 5.331 7.4 1
341 1 202 1 443 1 1 C.629 15.241 5.23 1 8.31
3 35 1
7 /. 7 I

184 1
A 1

2791c i 11 C . 720 17.081 5.41 1 7.51

TCN
SUGAR
ACRE

TCN ICANE I 
GANG I SUGAR I 
ACRE IR A T IC I  
MCNTHI I

I I

ox\0



NUP
BLR

*1

35
85 
P6
86 
86 
86 
37 
87 
5 7 
83 
8 8 
8 8 
fed 
8 9 
89 
8 9
89 
9C 
9C
90
90 
9C
91 
91 
91

T A B L E  I (CONTINUED)
PAiMAGEMENT PRACTICES  AND Y I ELD  DATA

FOR EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C O .L T D . "

CRCP
YEAR

1 96 6 
1968 
19t A 
19t)4 
1966 
19o8 
19 63 
196 5 
19o7 
196? 
1964 
1 9 6 '4 
1 9o6
1904 
19 66 
196 6 
1968 
1963 
1963
1905 
1565 
19o7 
196 2 
19 64 
1966

MCNTH 
OF 

PL 1 HA

AGE
IN
PC.

22.0
24.4
23.8
23.2
23.1
24.3
24.6
23.6
22.2
25.1
23.8 
2 3.3
23.5
23.2
22.9
23.2
24.3 
24 .0
23.4
23.4 
24.1
23,
25
23.0
22.6

CR.
CY­
CLE

3’2
u
1
1
0
1
2
1
4
5 
1 
2 
0 
2 
0 
0 
1 
2 
1 
4
4
5
6

IKR . 
RNUS

24.3
37.4 
27.3
27.2
26.7
33.2
27.3
32.3
24.4
33.0
26.8 
26.8
25.8
28.0
25.6
25.6
34.2
20.2 
20.0
28.9
28.9 
2 2 . 0  
33.2 
2 7.0 
21.0

TCTAL 
WATER 
A PPL .  

I PP )  
*3
3863 
5C30 
4 6 2 7  
4 610  
3511 
49 7 5  
36 58 
49 6 0  
3312 
3720 
38 72 
3872 
3857 
'4 COO 
3 123
3 123 
3932 
2570 
3C99
4 3 49 
4 3 4 9  
3033 
4 4 5 7  
3 8 2C
4C8 7
c : r  ~Si\

R IPE  
N ING 
CAYS

<“4

65 
85 
74 
74 

210 
184 
139 
77 

101 
68 
9 7
95 

237
96 

221 
192 
117 
253 
245
76 
80 
99 
6C 

1 19 
13C

F E R T I L I Z E R  
IN KG/HA.

N

355 
361 
377 
3 53 
399 
3 60 
344 
351 
353
367 
3 52
347 
365
350 
376 
353 
341 
35 3 
337
348 
348 
3 59
368
351 
35 3

P2U5

1 1 1 /. I J / . "3 I

1 19
231

0
197

0
199
157
2 2 1
148
187

0
204
111
208
139

C
185
120
210
226

0
144
18 5 

0
117
"3 VI n  I

K2C

422 
4 70 
396 
396 
460 
455 
395 
412 
503 
3C1 
292 
3CC 
416 
393 
4C5 
421
423 
35 5 
355 
385
;85
43 7
2 8 8 
39C 
442

TCN
SUGAR 
ACRE 
PC NTH

C. 73C 
C .616 
0.617 
C.647 
C . 6 1 5 
C.592 
C.600 
C .666 
0.622 
C.604 
C.599 
C.631 
C .602 
0.638 
C.580 
C.509 
0.553 
C.546 
0.593 
C.579 
C.595 
0.57 3 
C.604 
C .607 
C.575 

I r IX 1 Q

TCN
SUGAR
ACRE

16.04 
15.01 
14.6 3 
14.98 
1 4 . ?2 
14.36
1 4 . 7 9  
15.69 
13.82 
15.16
14.25 
14.68 
14. 15
14.80
13.26 
13.65 
13.45 
13.11 
13.9C 
13.53 
14.33 
13.24 
15.20 
14.44
12.97

TCN
CANE
ACRE
MONTH

4.98 
4.63 
4. 39  
4.81 
4.69 
4.93 
4.7 5 
5.0 5 
4.65 
4.85 
4.C9 
4. 52 
4.25 
4.57 
4.43 
4.62 
4.41 
4.4 5 
4.60 
4.45 
4.7 7 
4.19 
4.67 
4 .29 
3.C5« A

CANE I 
SUGAR I 
RAT ID I

I
I

6.81
7.51
7.1 I 
7.41
7.61 
8.31 
7.91 
7 .6 I
7.51 
8 . 0  1 
6 . 8 |
7.21
7.11
7.21
7.61 
7.81
8.01
8.21 
7.8 1
7.71 
e . o i
7. 3 I
8.11 
7. I I
6.71
7- •-Jo



T A B L E  I (CONTINUED)
MANAGEMENT PRACTICES  AND Y I E LD  DATA

FOR EACH PLANTATICN F I E L C  IN "WAIALUA SUGAR C O .L T D . "

NUN
BER

«1

102 
1C2 
102 
10 3 
103
103 
10 3 
1C4
104 
104 
1C4 
lev­
ies
1C 3 
1C6 
ICt 
lOo 
107 
1C7 
1C 7 
107 
1C B
n o
K d  
1C 9 
109 
1C9

C R C P i M C N T H l  AGE
YEAR

1965
1967 
1969
1963 
196 5 
19o7 
1969
1962 
1 964 
1 9 66 
196d 
1 96 4 
1 9( 6
1968
1964 
1 966 
1 968
1963
1965 
1967
1969
1964 
1 966 
1 9 6 d 
196 3 
1 9 6 5 
1967

CF I
PL

6
6C
P
6
4
5
6 
5
5
4 9 
E 
7 c
E
7
6 
1 
6
5 

10
9
E
c ,

6 
6

hA 1
IN
NO.

51 23 
5123
5 1 24
6 124 
4 121
4 I 24
5 I 24 
5 122 
5 123
4 I 23
5 124
7122
6 122
7 I ^4 
M22
7123
7 I 24 
6 124 
6 1 22 
5123 
5 124 
9 I 22
8 123 
8 123 
^1 2 3  
b 1 24 
5 123

. 1 

. 1 

. 2 

.7 

.7 

. 1 

. 2 

.5 

.5 

. 1 

. 2 

.9 

.3 

.0 

.7 

. 1 

.0 

.2 

.8 

. 1 

.0 

.7 

.5 

.5 

.3 

. 1 

. 1

CR.
C Y ­
CLE

*2

1
2
3
0
1
2
3 
1 
0 
1
4 
0
4
5 
0 
1 
2 
0 
1 
2
3 
0 
1 
2 
1
4
5

IRR.
r n d s

31.1
30.6
36. 6
33.0
32.4
30.7
37. 7 
2 9.8
31.6
30.2 
34. 8
2 6. 3
25.8
33.9
27.1
25.6
30.2 
2 8.9
31.5
28.9
36.3
32.8 
26.2
37.8
27.8
34.6
25.8

TCTAL 
WATER 
APFL. 
( NN) 
*3
4556 
4327 
4913 
4652 
4114 
4198 
4872 
4C75 
43o8 
4265 
5211 
4 368 
4456 
4178 
4593 
4505 
4907 
4074 
43C7 
39E8 
4 564 
4723 
4C43 
4 545 
36CC 
48CC 
3 7 34

RIPE
NING
CAYS

♦ 4
185 
189
186 
195 
156 
179 
178 
182 
159 
187 
168
6C
61
67
60
63
64 

236 
156 
211 
193
62
97
57

2CC
72

ICG

F E R T I L I Z E R  1 ITCN TON TCN ICANE 1
IN KG/HA. 1 1 SUGAR SUGAR CANE ISUGARI

N 1P2(j 5| K2C 1 1 ACRE ACRE ACRE IRATICI
1
1

1
1

1
1
1NCNTH M C N T H 1 

1
1
1

361 1 Ol 492 1 1 G.644 14.89 5.311 8.2 1
343 1 1981 51 1 1 1C .661 15.26 5.391 E.2I
352 1 19CI 501 1 10.660 16.16 4.821 7.2 1
335 1 2091 3021 1C.655 16.19 5.331 8.11
3511 01 389 1 1C.663 14.41 5.29) 8.01
340 1 1811 3401 1C . 576 13.87 5.061 8.8 1
367 1 1801 3771 1C.617 14.96 4. 501 7.3 1
35c| 17,4 1 19C 1 1C.611 13.72 4 .99 1 8.2 1
347 1 2031 503 1 10.693 16.31 5.111 7.41
3 50 1 Cl 363 1 10.668 15.43 5.271 7.91
351 1 1901 4C9 1 10.628 15.20 5.111 8.11
349 1 2C9j 199 1 10.614 14 .07 4.84 1 7.91
3531 1331 416| 1C.697 15.52 4.931 7.11
355 1 2321 341 1 10.546 13.11 4.301 7.91
348 1 2C3I 202 1 1 C .037 14.46 4.711 7.4|
3561 Ol 3721 10 .678 15.67 4.871 7.21
356 1 206 1 3 5C 1 IC.588 14.09 4 . 4 6  1 7.6|
3371 1471 4 03 1 1 C.680 16.43 5. 271 7.71
363 1 Cl 403 1 1C .6 76 15.42 5.^31 6.0 1
341 1 172 1 54 8 1 1C.626 14.45 5.151 8.21
36C 1 2C01 403 1 10.653 15.69 4. 72 1 7.21
341 1 1951 309 1 1 C . 666 15.11 5.011 7.51
3521 1181 48C 1 1C.639 15.04 5.281 8.3 1
359 1 195 1 5161 1C.681 16.02 4.961 7.31
367 1 1701 391 1 1 C . 56 4 13.12 4.831 b . 6 1
3 5 0  1 2111 42EI 1C.649 15.63 5.471 8.4 1
341 1 1531 502 1 1C.57G 13.18 4.811 8 .4 1



NUN
BLR

*1

92 
92 
95 
9 5
95
96 
96 
96 
96

T A B L E  I (CUNTIKUED)
MANAGEMENT PRACTICES  AND Y I E LD  DATA

FOR EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C O .L TD . "

CR CP
YEAR

1965 
19o7 
1962 
196 A
1966
1962 
196 A 
1966
1963

97 1963 1 5 1
97 19651 r- 1
97 19671 51
97 1969 1 A 1
98 196A 1 1
98 1966 1  ̂ 1
93 196E 1 -3 1
99 19631 A 1
99 19o5 1 5 1
99 1967 1 5 1

100 196A 1 b|
I CC 1966 1 5 1
IOC 1968 1 1 j
101 1963 1 1V 1
1C 1 1965 1 6 1
iC 1 1967 1 C. 1
I C l 1969 1 A 1
1 n '0 11 1 A 1

M CNT H
CF

PL

7 
7 

1 1 
1C 
1C 
11 
1C 
1C 
1C

HA

7
6

1C
9
9

10

AGE 
IN 
F C .

2A 
23 
22 
23 
25 
23 
23 
2 2 
23 
2A 
21 
22 
2A 
22 
23 
23 
23 
23 
22 
2A 
22 
23 
2A 
21 
22 
2A

.0 

.1 

. 6 

.3 

. 2 

.C 

.3 

.2 

.6 

.9 

.9 

.9 

.A

. (J 

.0 

.9 

.8 

.A 

.3 

.0 

.A 

.A 

.7 

.9 

.7 

.2

CR . 
C Y ­
CLE

*2

1
2
0
1
A
0
1
A
5
0
1
A
5
0
1
2
0
A
5
D
1
2
0
1
A
5n

IRR.
KNDS

29. 3 
21 .A
31.0
30.0 
2 7 . A 
32.9 
29. 0 
20.3
33.1
33.0 
33. 8 
31.6 
39. 1 
32 .9 
3A. A
38.1
39.8 
37.0
35.9
33.2 
32 . U
38.2 
32. 7 
32 . 9
29.9 
36.8 P 7.6

TCTAL 
W A T E R  
APFL. 
( MM)
*3

A 566  
281A 
A80A 
5587 
6 26 7 
A951 
A 813  
3561 
72A8 
5296 
ABAl 
AA 31 
5239 
a 630 
53 83 
6829 
5333 
A 7 63 
A A 69 
A 805
5 200
6 6 A 7 
A6 6A 
A 8 C 3  
A313 
A 8A8 
A7-(47

RIPE
NI N G
C/IYS

*A

71
9A
6A
65
9A
58
69
91
At
91

158
165
169
137
155
122
169
19A
158
153
161
lAC
18A
161
172
172
?CC

F E R T I L I Z E R  
IN KG/HA.

N P2G5 K2C

TCN
SUGAR
ACRE
MCNTH

3A61 0 1 52 51 1 C.573 13.731 A . 651 8.11
3A9 1 12A| A2 8I IC.538 12 .A A 1 A . C 7 1 7.61
36C 1 1991 201 1 1 C.65A 1A.9AI 5.15 1 7.91
3 30 1 Cl C 1 1C.6AA 1A.98I 5.061 7.91
330) 1501 2971 1C.607 1A.07 1 5.C5I £.31
3621 206| 201 1 IC.6A0 1 A . 7 3 1 5.20 1 8.11
3A6I Ol Cl 1C.576 13.A 1 1 A . 231 7.31
3 32 1 1A5I 3031 IC.655 15.211 5.08 1 7 .8 1
3A7I 1591 3551 1 C.617 1A.591 5. AO 1 8.81
3A 71 1661 2991 10.618 15.371 5.A3 1 e.ei
356 1 01 39 A 1 1 C.620 13.561 A . 98 1 8.01
3A6 1 20CI 32 71 10.598 13.671 5.A6I 9.11
3571 1871 3901 1C.570 13.9C1 A.16I 7.31
3A8 1 207 1 397 1 IC.63A 1 A . 3 2 1 5.371 8.5|
3A3 1 1A7I 33A j 1C .63A 1 A . 5 8 1 5.32 1 8.A 1
3A7I 2071 3831 IC.588 1A.C8I A . 751 8.11
32A 1 2221 302 1 IC.6AA 15.331 5.501 8.51
3 a 8 1 22 01 A17 1 1C .595 13 . 9A 1 5.201 8.71
36 3 1 1851 3101 1 C . 5 7 7 12.8A 1 A .6 C 1 8.01
3 49 1 2C3I AO 3 1 IC.73A 17.661 5.561 7.61
3 50 1 139 1 A231 1C.60A 13.531 5.02 1 8.3 1
357 1 201 1 38 3 1 10.627 1A.66I A . 971 7.9 1
3 35 1 2G2I 302 1 IC.662 16.3(1 5.68 1 6.6 1
3611 01 A9 3 1 1C.635 13.911 5.C2I 7.91
3A2I 1831 3AA 1 IC.565 12.821 A .9A 1 8.71
3531 182 1 AOA 1 1C.598 lA .A6.I A . 201 7.01
3511 1671 39 5 1 IC.673 16.301 5.ACI 8.0 1

TCN
SUGAR
ACRE

TCN
CANE
ACRE
M C N T H

CANE I 
SUGAR I 
RATICI

N J



T A B L E  I (CCNTINUEU)
MAi\AGE3tNT PRACTICES  ANC Y I ELD  DATA

FOR EACH PLANTa TICN F I E L D  IN "»nAIALUA SUGAR C O .L T D . "

NUR
8ER

*I
IC9 
lie 
110 
110 
111 
111 
111 
111 
112 
1 1 2  
1 12 
112  
113 
113 
113
115 
113
116 
115 
115 
115 
120 
120 
12C 
12C 
12C

CPCP
YEAR

1959
1962 
19b^
1966
1963 
1965 
1 96 7 
1 9 b 9 
1963 
1965
1967 
196 9 
1963 
196 5 
196 7 
19 63 
1969 
1963 
196 5 
1967 
1969 
1963 
1963 
1965 
1965 
19o7

R C M H  
CF 

PL i HA

1C
1C
1C

6
6
6
8
9
9
t
fc
e

iC
6

. 9 
6 
1 
t 
1 
£ 
p
7
7
fc

10
9
9
5
6
5
6 
8 
8 
8 
B 
8 
B 
B 
6 
8
5
6
5
6 
7
7 
6
8 
7

AGt
IN
RC.

26.0
23.7 
23.3 
22.0
23.2 
26.6
23.2 
26.1
23.8
23.6
23.6
23.2
23.8
26.3
22.6 
26.0
23.1
23.5
23.6
23.6 
2 3.3
26 . L
23.3
26.3
26.3
23.1

CR.
c y ­
c l e

»2

6
1
2
6
1
6
5
6 
1 
6
5
6 
1 
2 
6 
1
5 
1 
C 
1
6 
1 
0 
2 
I 
6

IKk .
RNDS

52.0 
28. 1
27.7 
23. 8
28.0 
35.1
25.8
32.0
25.8
29.5
25.6
31.0 
26. 1
33.9
21.7
26.5
29.6 
26. 7
31.6 
26. 1 
2b.5 
2 5.0
25.6 
2 '9. 5 
29. 5 
26.5

TCTAL
W ATER
APPL.
(HR)
^3

6583 
3816 
376 7 
6159 
3850 
6335 
6C18 
6327 
383 1 
5265 
3551 
6130 
3652 
6 C17  
2866 
3696 
6 72 1 
3666 
56C3 
3 639 
3932 
6 518  
6 319 
5186 
5186 
6 2 0 9

RIPE
N ING
CAYS

*6

2C9
62
57
8C

208
77 

126
66
68
7C
78 
59 
62 
7C 
88

2 06 
67 

226
79 
96 
66 
55 
5C 
77 
72 
77

F E R T I L I Z E R  1 1 TCN TON TCN CANE 1
IN KG/HA . 1 1 SUGAR s u g a r CANE SUGAR 1

N 1 
1 
1

P2051
1
1

K2C 1 
1 
1

1 ACRE 
1 RCNTH

ACRE ACRE
M CNT H

BAT I C 1 
1 
1

377 1 1831 50 5 1 IC.619 1 6 . b8 6.3 1 7.0 1
3681 1851 362 1 1C .635 15.07 6.78 7.51
361 1 0| 603 1 1G.596 1 3 . 8 3 6.63 7.51
352 1 1391 623 1 1 C.572 12 .9C 6.35 7.6 1
360 1 1831 390 1 1 C.505 11.76 6.32 E.6I
3 53 1 211 1 6071 1 C.598 16.57 6 .90 8.21
363 1 1 56| 696 1 1C.533 12.37 6.38 8.2 1
3721 1921 A 2 6  1 1 C.521 12.53 3.33 7.61
3671 1691 603 1 1 C.660 15.25 5.03 7.91
352 1 2271 3981 1 C .689 16.16 5.19 7.51
357 1 1731 6621 10.632 16.78 6.97 7.91
3 76 1 1781 502 1 1 C.698 16. 1 9 5.CC 7.2 1
368 1 1661 39 81 1C.613 16.59 6.7 5 7.71
3711 210 1 399 1 1 0.639 15.56 5.0 2 7.91
359 1 151 1 669 1 1C . 569 12.73 6.bC 8.1 1
366 1 1/51 6C3 1 10.587 16 .62 h .8 3 8.21
381 1 206 1 39 7 1 1 C . 6 12 16.11 6.6 6 7.31
368 1 1751 603 1 1C.520 12.2 1 6.2 5 8.21
361 1 2C6 1 6261 1C .63 8 15.06 5. 16 8.11
366 1 1631 ‘* 3 i \ 10.562 12.67 6.29 7.91
3 7 5 1 356 1 5031 1 C .6 12 16.27 6.6 1 7.21
282 1 1711 283 1 1 0.627 15.03 5.26 8.6 1
361 1 1891 29C 1 1 C.676 15.73 5.66 8. 1 1
3b ’ 1 0 1 60 5 1 1 0 .b76 16 . 3 8 6.96 7.61
3 6 3 1 C 1 60 5 1 1 C.< 6 5 16.17 6.96 7.51
36 7 1 1791 6u3| 10.661

1 . J r t
15 .26
1 tr i-\ /. 1

5. 171 /. ZL -7 1 7.81
1 -7 1

(jO



T A B L E  I (CONTINUED)
m a n a g e m e n t  PRACTICES  AND Y I E LD  DATA

FUR EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C O .L T D . "

N U M I C R C P I M C N T F  1 A G E I C K  . I I R R . ITG TALJRI PE I 
BERlYEARl CF 1 IN I C Y - | R N D S 1w A T E R 1N I N G 1 

1 jPLlHAl MG.ICL EI ) A P P L. |C AYS| 
1 i l l  I I  1 (MM)| 1 

* 1 1  1 1 1  1*2 1 1 *3 1 *4 1

F E R T I L I Z E R  1 1TCN I TON |TCN ICANE 1 
IN KG/HA. 1 1 SUGAR 1 S U G A R I C A N E  |SUGAR| 

N IP2G51 K 2 C I I A C R E  |ACRE lACRE IRATICI 
1 1 M M O N T H I  IMCNTHI |
t i l l  1 1 1 1

1211 1 9 t 3 1 el y 123.41 0 125.31 38961 48 1 3581 2031 291 1 |C.b76j 15.861 5.571 8.21
121 119651 el 8 124.31 1 1 32.6 1 57531 73 1 3691 01 4231 10.6221 15. 121 5.C6I 8.1 1
1211 1967 1 el 7123.21 2 126.51 4339) 78 1 367 1 1851 451 1 10.6261 14.54 J 4 .9 4 1 7.91
121 1 19691 el 6123.31 3 129.41 43 73 1 55 1 3721 1781 4211 1C. 6431 15.011 4. 80 1 7.51
1 2 2 l l 964l lC | 8 1 22.51 0 125.21 3 607  1 5S 1 335 1 1911 3v01| 10.6221 13.971 5.151 8.31
1221 1966 1 el 7123.11 1 124.31 41CCI 59 1 355 1 78 1 437 1 1 C . 7031 1 6 . 2 6 | 5.40 1 7.71
122 1 1 9 6 d 1 el 7123.61 2 130.91 28 04 1 49 1 3471 2101 4531 1 C.6501 15.341 5.141 7.91
12 3 1 19621 91 9 123.81 0 127.21 4 1 0 7  1 67 1 3581 1951 3021 1 C . 6101 14.521 5.191 8.5 1
123 1 19faA1 91 8123.31 1 127.01 4 623 1 64 1 3531 Cl 501 1 10.6101 14.411 5. 1 8  1 8.4|
123119661 9 1 8122.71 4 123.41 4 32 8 1 75 1 353 1 1151 4 4 0 1 1 0 . 6 6 7 1 1 5 . 1 4 1 5.171 7.81

« :YIELD DATA ARE S E L E C T E D  A C C O R D I N G  T C :
v a r i e t y  I5C- 72 C9
A G E ---------:21-26 M C M H S
P L A N T E C  :M A R C H - N C V E M B E R
h a r v e s t e d - :M/\RCH-NCVEMHEH
Y E A R S ------ : 1 9 6 C- 1969

•<=l:THE InUM B E R S  R E F E R  TC THE P L A N T A T I C N  FIELDS (SEE T ABLE III FOR D E C O D I N G )  
=«'2:TFE CR OP C Y C L E  IS DIV I D E D  AS FO LL CW S:

0 M E A N S  PLANT CRC P  (FIRST CYCLE)
1 M E A N S  FIRST -RATCCN CROP (FIRST CYCLE)
2 M EANS  SECCNC R A T C C N  CROP (FIRST CYCLE)
3 M EANS T HI RD  R A T C C N  CROP (FIRST CYCLE)
4 MEANS PLANT CRC P  (SECOND CYCLE)
5 M EA NS  FIRST R A T L L N  CROP (SECCNC CYCLE)
6 '-'FANS S E C C N C  R A T C C N  CROP (SfcCONC CYCLE)
7 MEANS T hl KG  R A T C C N  CROP (SECCNC CYCLE)
H M EA NS  PLANT C R O P  (THIRD CYCLE)

* 3 : t o t a l  r a t e r  A I P L I E D  = RCUNCS  Cf IRR. X ACRE INCHES X 25 MM.
*4 :C A Y S  ARTEK LAST IRKIGATIITN

■P-



T A B L E  I I
CL IMATCLCGICAL CtrSERVATILKS

ECk  l ACH P L A N T A T I O N  F I t L C  I N " W A I A L U A  SUGAR C G . L T D . "  *

NUN
dLK

RAINFALL 
IN PN.

TO­
TAL

SLP-
MER

U I N-
TE k

AF T E R
RIP.«4

E V mP C R A T I C N  
N PM.

TC- | S U M - 1 « I N -
t a l  |mek i t e r  

i.̂2 I «3

R A C I A T I C N  
I N  K G . C A L O R I E S

I T E M P . ( FAH)  
G R . C l A f  HARVE ST

ru-
rAL

S U M ­
MER
=(=2

W I N ­
TER
«3

PER IMAX.IMIN. 
DAY 1 1 

1 1

1 ACRE 
1 M ONT H  
1

ACRE
M C N T H

3 06 171 136 4 3 1 1 8 7 . 3 1 6 6 . 9 10.635 5.38
2 97 176 131 4 2 6 1 8 7 . 6 1 6 8 . 1 10.541 4 .4 7
34 7 197 151 4 7 4 | 8 B . 6 | o 9.1 10.592 5. 32
281 15b 123 3 82182 .4 1 7C.8 10.605 5.35
276 159 117 366186 .9166.3 10.59? 5 .00
301 lo7 134 448186 .3)68.9 10.636 5 . 50
33& 201 135 4 7 1 1 8 4 . 5 ) 6 8 . 1 10.558 4.4.1
281 158 123 380182 .4 1 70.8 10.664 5.40
28b 159 129 405)83 .2 167.8 10.586 4 . 8 2
3 16 182 134 4 76 188 .2 167.4 10.598 4.82
336 201 135 4 75 184. 5 168.1 10.493 3.80
264 14 1 12 3 381 1 82 .4 1 7C.H 10.607 5.03
288 159 129 4 0 3 1 8 3 , 2 1 6 7 . 8 10.541 4 .69
322 186 135 4 6 2 1 8 4 . 5 ) 6 8 . 1 10. 554 4.32
256 140 116 365 1 82 .4 1 Ob . 5 10.616 5.31
3 12 176 136 441 185.2 1 68.7 1 0. 566 4 .96
3 32 182 151 4 5 4 1 8 8 . 6 ) 6 9 . 1 10.544 5.10
268 152 116 3 8 2 1 8 5 . 7 1 6 7 . 0 10.599 4 . o 3
306 185 12 1 4 30 185.2 168. C 10.572 4.3 3
3 36 19S 138 4 5 1 ) 9 9 . 3 1 6 8 . 8 IC.542 4.33
267 155 112 3 7 b 182 .4 17 0. 3 10.564 5.15
315 18C 134 446186 .5 165.8 10.543 H . n
3 19 184 135 ^ 71185 .4 1 63.0 |C .574 4.26
334 199 135 4651.85 . 5lo5.0 1 C. 5 j»3 4.28
245 133 112 3 6 o 183.517 1 . 6 1C.576 5.28
282 165 117 3 9 1 1 8 b . 5 167.7 10.598 5.61
316 181 134 4 5 1 ) 8 7 . 3 1 6 9 . 1 10.594 5.b3

TON
SUGAR

TUN
CANE

1419 
2154 
2 J34 
2 3 59
1 :>a2
19 12
20 3 2 
2362 
1577 
179 7 
2 :14 
22 44 
1712 
2029
1 J62 
2154 
2029
2 16 7 
2284 
2 229 
2a32 
2-: 79 
2 0 39 
2 C i 9 
2437 
1 7h4

i 1

469 
tHl 
45C 
932 
5 ‘J  9 
427 
375 
93 2 
559 
44 2 
37 5 
925 
5 5 9 
359 
76 9 
64 7 
43 2
89 2 
c5 7 
429
90 9 
4 39 
394 
4 3 9 
90 4 
6C9 
394

95C 
150 7 
1584 
1429 
1C22 
1554 
16 5 7 
1429 
1 C 1 9 
1357 
1659 
1319 
1152 
166 9 
1092 
156 7 
1 59 ? 
1175 
lo27 
16C C 
1522 
16 39 
1oa4 
16( C 
153 2 
1134 
16 3 7

0 
76 
93 
76 

113 
117 
4 7 
c33 

113 
1C6 
6C
32 

282
58
33 
89

ICo
58
36
3U
C

3 69 
69 
52 

252 
IOC 
25 4

2 9 6P 
3463
3 9 72 
35b0 
3420 
3290 
3 905 
3 580 
3550 
3477 
3905 
3 h 3U 
3550 
3 715 
3 392 
3607 
3815 
3585 
3 6 5'J 
3 8o0 
3222 
34 4  7 
3695 
3 8 82 
3 120 
3tl7 
3435

i e C 7 | 1 1 5 7  
2067 I 1395 
2 3 0 5 1 1 6 6 7  
2 1 2 5 1 1 4 5 5  
2 C 2 7 I 1392 
19 4 7 1 1 3 4 2  
2 3 8 2 1 1 5 2 2  
2125 I 1455 
2C27I 1522 
2 1 3 5 1 1 3 4 2  
2382 I 1522 
1975 I 1455 
2 C 2 7 1 1522 
2 1921 1522 
201CI 1382 
2C67 1154 9 
2 147 1 1667 
2190 I 1392 
2 2 5 5 1 1 3 9 5  
2332 1 1527 
1 8 9 7 1 1 3 2 5  
2 1C5I 1342 
2 172 1 1522 
2 3 60 I 152 2 
1 795 11325 
2 2 2 5 1 1 3 9 2  
2C921 1342

ui



r A B L fc I I  (C tNT INULO)
CLIMATULCGICAL GBSEKVATIGNS

BOH EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C C . L T U . "

NUP R A I N F A L L E V A P L R A T I C N RAD lATICN lEMp. (F A H ) 1 TON TON
HER IN MM. N MM. IN KG..CALORIES G R . C AT h a r v e s t 1 SUGAR CANE

ru- SLM- R I N- AFTER Tu- S U M ­ R IN­ T O ­ SCH- W I N ­ PER M A X . 1 MIN. 1 ACRE ACRE
TAL McR TcH RIP. TAL MER TER TAL f-1 E R TER DAY 1 1 MO NTH M C N T H

*2 * 3 =!‘4 *2 *3 *2 *3 1 1

t 19 69 347 162 2 72 3738 2215 1522 322 18 7 135 471 85 . 7167.5 I0.61G 5.37
6 20 39 457 15b2 64 4C90 2567 152 2 353 217 135 483 8 5 . 7 1 o7 . 5 10.504 4.30
9 2 V50 375 1C75 102 3905 2382 1522 3 36 201 135 4 67 84.5 168. 1 10.58C 5.1 3
9 20 jG 375 1675 102 3905 2382 1522 336 201 135 467 8 4 . 5 1 6  8 .1 10.516 4.10
9 2^44 359 1684 84 3715 2 192 1522 322 18e 135 464 84.5 168.1 10.539 5.20

10 2C92 9C9 1182 19 3397 2CC5 1392 254 138 116 365 84 . 5 1 6 7 . 9 10.647 4. 89
10 2 2 m 7 73 9 15r 7 16 3c5o 2255 1395 3 06 185 121 428 8 5 . 2 1 6 8 . C 10.595 4.8 3
IG 2 0 72 532 1539 31 40 5 7 2 505 1527 352 214 138 477 90.3 1 68.8 10.547 4.66
1 1 15 59 4 0 9 1150 542 32 3 d 1892 139 2 24 7 131 117 366 79 . 5 1 6 1 . 5 10.572 5.26
1 1 21C4 7C4 I4r: 66 7 3542 2C67 1475 322 176 146 4 52 79 .4 |64 .7 10.551 5.14
1 1 2202 'i6 7 1734 859 38 30 2307 1522 3 30 195 135 460 81 .0165.9 10.598 4.80
12 1637 532 1 104 C 2 313 1807 1GC5 295 1 71 125 437 90 .4)68.9 10.688 5.74
12 2 139 914 122 5 84 3567 2 175 1 392 2 69 152 116 3 79 85 .9 1 66 . 8 10.622 4.67
12 7287 712 15 75 69 3767 2227 1540 325 139 136 431 85 .2 1 68.7 10. 54 3 4.53
12 2 29 7 7G4 1592 69 3 60 7 2C67 1540 312 176 136 423 85 . 2 1 6 8 . 7 10.544 4.8 7
12 2':.3C 4 39 16C C 87 3 d 1 5 2147 1667 332 182 151 456 8 8 . 6 1 o 9 .1 10.536 5.19
1 3 2^50 1 C22 1639 67 3430 1975 1455 2 64 141 123 367 82 . 4 1 7 0 . 8 10.549 4.76
lA 2625 1022 1 0 04 67 34 30 1975 1455 264 141 123 3 70 82 .4 1 7 0.8 10.535 4.51
1 A 1 7 79 619 1 159 207 3 550 2C27 1522 283 159 129 405 8 3 . 2 1 6 7 . 8 1C . 514 4.53
14 2 139 3 7 9 17 59 5 7 3905 2 382 1522 335 201 135 467 84.5168.1 10.469 3 . 79
lo 2022 6 79 1142 62 3407 20 13 1392 255 139 116 373 85 . 7167 .0 10.561 4.30
I 7 1 754 4 34 12 69 0 2 9 02 19C0 1CC5 313 188 125 443 90.8 169.5 IC.602 4.7 5
I 7 2 0t9 E92 1177 0 3 5 35 2190 1392 268 152 116 371 85 .7 167 .0 10.6C2 4.7 3
1 7 2 3 34 622 1712 77 34o3 206/ 139 5 295 174 121 429 86 . 1 1 6 9 . 1 10,660 5 . 0 1
19 I 9 5i, 4 79 14 69 27 3966 2 6 47 1317 351 214 138 472 6 8 .4 16 6.8 10.486 4.35
2i 1339 292 144 7 37 3 50 5 2 1B8 1317 31 9 181 138 4 66 8 3 . 4 1 6 6 . 3 10.525 4.3C
25 1 534 457 1127 0 3146 1932 12 1C 304 167 137 446 8 2 . 4 1 o 3 . 9 10.595 5.51

•vjON



T A B L E  I I  (CCNTINULD)
UL IKATCLCGICAL OBSEKVATICNS

FOR EACH PLANTATICN F I E L C  IN "WAIALUA SLGAR C C . L T D . "

NUP R A I N F A L L E V A P C R A T I C N RADI ATICN TEMP. (FAH) ITCN TCN
8LH IN r-'M. IN MM. IN K G . C A L O R I t S G R . C AT H A R V E S T 1 SUGAR C A N E

T C ­ S I M ­ R IN- AFTER TU- ISUP- W I N ­ T O ­ S U M ­ W I N ­ PER MA X . | M I N . 1 ACRE ACR E
TAL MER T E k KIP. TAL IMER TER TAL ME R TER DAY 1 1 MONTH M C N T H

*1 «2 *3 *4 J *2 * 3 --!=2 «3 1 1

25 1E57 7 94 1C62 204 3 7 7 5 1 2 3 5 0 1422 3 06 173 133 429 82 .0163.2 1C.59C 5.18
25 2177 597 1579 5C 360212 180 1422 291 158 133 407 66.1 lo7.2 10.535 4.42
26 1 384 469 1114 0 3 3 5 0 1 2 1 4 0 1210 319 182 137 469 85 .6 lo5.3 1C.637 5.o7
26 1859 122 1137 197 4 2 8 0 1 2 9 3 2 1347 345 218 127 454 82 .0163.2 10.611 5 .54
26 2177 5 9 7 15 79 47 4 2 8 0 1 2 9 3 2 1347 345 218 127 456 36 .1 167.2 10 . 52C 4.5C
2o 1 842 392 14 50 il 350512 188 1317 319 181 138 464 88 .4166.8 10.634 5 .5 7
28 26C.0 972 164 4 47 3 4 7 0 1 2 1 5 7 1313 294 16 3 131 414 86 . 3 1 6 5 . 2 10.624 5.27
28 184 2 Lb2 1179 154 38251 2470 1355 313 182 121 434 8 6 . 4 1 6 4  . 5 1C.59C 4 . 9 9
2fc 21 89 39 4 1744 139 3 4 2 0 1 2 C80 1 34 0 301 167 134 440 8 5 . 6 1 6 8 . 2 10.615 5.1 7
28 2 327 432 1 894 3 2 5 6 6 0 1 2 2 0 2 145 7 319 184 135 453 85.6 1 67 . 5 10.561 4 .25
29 1 9 79 825 li54 22 3 o 3 8 l 2 2 l 3 1422 29 1 158 132 405 8 5 .8|6 c. l 1C . 585 4. 5 3
2 9 24 2 7 6 75 1 752 102 3 8 2 0 1 2 4 7 5 1347 3 18 191 127 453 0 7 . 2 1 6 5 . 6 10.537 4 . 33
29 2257 539 1717 4 4 3 6 7 0 1 2 3 5 0 1317 534 197 138 4 60 8 8 . 4 1 6 7 . 8 10.580 4. 75
8: 1 57 7 544 13 32 0 3 6 9 0 1 2 3 7 7 12 10 335 198 137 459 85 . 6 1 6 6 . 1 IC.582 4 . 6 9
30 1 6 o 9 5 44 1325 0 3 5 9 0 1 2 3 7 7 1210 3 35 198 1 37 469 8 5 . 6 ) 6 6 . 1 10.652 5.C5
- \j Alio 892 122 7 77 3 8 3 8 1 2 4 1 5 1422 3 03 170 132 4 19 85 . 7 1 6 6 . 3 IC.601 4. 6 6
3C 2 387 t n 12C9 75 3 6 2 5 1 2 2 0 2 1422 289 156 132 4 14 86 . 7 |66.3 1C . 576 4.4 1
3 0 2422 66 4 1/57 119 3 8 0 7 1 2 5 2 0 134 7 3 19 192 127 452 85 . 8 1 6 6 , 9 10.615 4 . 7 3
50 24 1 7 66 4 1752 112 3 8 6 7 1 2 5 2 0 1347 319 192 127 44 8 86.8 |66.9 1 0. 598 4. 74
30 2 2 8 9 52 7 1 712 37 3 7 1 5 1 2 3 9 5 1317 336 198 138 460 89 . 1167.7 10.623 4 . 73
30 2 2 89 527 1712 3 7 3 7161239 5 13 17 336 198 138 4 56 89.1 1 fc 7 . 7 10.519 4.06
21 2 62 9 102 7 1602 47 3 8 5 2 1 2 5 4 0 1313 324 193 131 436 85 . 1 1 5 5 . 2 10.662 4. 9 8
31 26 25 97 a 1 6 4 1 4 7 847012157 13 13 294 163 13 1 4 03 85 . 316 5 . 2 10.666 5.05
31 1 ;1 '9 c5 / 1 152 139 3 / 9 7 1 2 4 4 2 1355 3 14 182 131 439 85 .5 |55.2 IC.639 5.04
51 i o -«7 6 5 7 1 169 139 3 7 9 7 1 2 4 4 2 1355 314 182 131 428 86 . 5 j 5 . 2 10.593 4 .78
3 1 2 1 75 ‘t5 4 17 19 167 86071227 0 1 340 3 16 182 134 462 8 5 . 0 1 5 8 . 6 IC.627 5.1C
32 9 8'< lc.34 52 3 o 7 7 l 2365 1313 311 1 8 0 121 424 86 .3 165.2 10.669 5 .36

I-*-•J



r A a L E I I  { C C M I N U t O )
CL IMA IULCGICAL OBSERVATICNS

FOR EACH FL AM AT IC W  F I E L C  IN »W A I ALU A titrG AR- C€* . t  Tt3".«

h UR K A IK F A L I. E V A R U R A T I C N RADI AT ICN TEMP,. (EAH) 1 TCN TCN 1
BE.n IN f', M . N MM.1 1.4 K(;,.CALOR IL6 GR .C AT HA RV E S T 1 S UG AR CANE 1

T'J- SLR- W I N ­ AFTER T O ­ SLM- W I N ­ T O ­ S U M ­ W IN­ PER MAX. MIN. 1 ACRE ACRE 1
t a l H F R TER fU 1’. TAL M L R TER TAL ME R TER DAY 1 M ON TH M CN TH  1

«1 =̂ 2 '• 3 =1=4 *2 *3 «2 ^3 1 1

11 18^4 66 2 118 2 132 3 82 3 2470 1355 3 1 3 182 131 4 34 85 .4 64.5 10.677 5.571
id lObl 442 1625 82 3632 2292 1340 316 181 134 467 85 .6 68.2 10,646 5.34 1
32 2 37 1 5C9 186 7 2 9 3 85 7 2397 1457 335 199 135 467 05 .6 6 7.5 1C.55C 4.24 1
3 3 llbl 522 134 4 0 3403 2 190 1210 3 19 182 13 7 447 85 .6 66.1 I0.6C3 4.841
33 21 19 892 122 7 69 3838 2416 1422 303 170 133 420 85 .7 66.3 10.572 4. 79 1
ii 2412 6 52 I 7 59 97 3 64u 2292 1347 3C3 1 76 127 44 7 8o . 8 6 6.9 1C .6GC 4.981
3 3 2237 575 166.2 59 3883 2 5 7C 1317 3 50 213 138 482 88 .4 67.8 10.554 4.521
3 4 2 3 9 2 66 4 1727 164 3 63 0 2282 124 7 303 176 127 452 37.2 65.6 10.611 5.151
35 1934 5 8 a 135C C 3 5 8 2 2 3 70 1210 333 196 137 4 73 84 .3 65.0 |C.52£ 4.611
35 ^114 e 7 7 1237 72 3625 22612 1422 269 156 13 3 4 04 85.7 o6 . 3 10.554 4.611
j 5 I t 7 825 1162 72 3638 2 2 15 1422 291 158 133 424 35.8 o 6 . 1 10.585 4. 761
-J C.J -> 2 4 e 2 6 64 1817 £7 3 7 72 2282 1490 3 18 176 142 4 26 85 .2 65.8 1C . 506 4.131
J Hn - ̂ 24 3 7 675 1812 87 3 90 5 2475 1 49C 3 33 19 1 142 442 85 .2 0 6.8 10.553 4.471
35 22 94 517 1 777 122 3610 2 1 70 1440 329 182 14 7 455 85.0 66.0 10.549 5.39 1
3 6 25CC 1C 1.4 16 39 C 3877 2565 1313 32o 195 131 432 86 . 3 05.2 10 . 6 C 1 4.931
36 2o0 0 98 4 162 5 50 3677 2 36 5 13 13 311 180 131 426 8o . 3 65.2 10.621 5.171
3 0 1 8 39 66 2 117 7 127 3825 2470 1355 313 182 131 434 86 . 4 o4 . 5 10.654 5.571
3 C) 18 32 6 6 2 1199 127 3825 247C 1 255 3 13 182 12 1 4 34 86 .4 64,5 10.596 5.241
3 7 192 5 30 7 1617 62 3813 22CC' 1613 33 4 U j6 148 401 85.0 03.6 1 C. 526 4.511
3 fc 2225 fc 5C 13 75 62 3852 2540 1312 324 193 131 443 86 . 1 65.2 1 0 , 6 (. 6 5.311
38 2225 15 0 1375 1G2 3852 2 5 40 1313 324 19 3 131 4 34 86 . 1 65.2 10.512 4.411
39 2 1 75 35C 182 5 59 3813 22L0 1613 3 34 186 148 4 50 85.0 6 3.8 10.524 4.14 1
3 9 2 1 ‘5 7 53 7 lc59 1C7 3 7 72 2202 14 90 3 18 176 1 4 2 443 85 .2 6 5.8 10.566 5.30 1
3 9 19 6‘4 4 1 2 1552 94 3 6 32 2 17C 1463 3 32 182 1^1 ‘154 87 . 0 6 7.9 1 . 4 6 6 4.90 1
^0 :̂2 5u fc2 5 14CC 112 j 485 2 172 1313 2 92 161 131 4 14 86 . 1 o ̂  . 2 10.637 5.311
H G .r2 0C 3 5C 18 2 5 59 3 o I 3 22C0 1613 3 34 1 6 6 148 4 52 8 5 .0 6 3.8 10.539 4.57 1
41 1 o 7 5 fcC 7 12(7 0 3 7 78 2 560 121C 34 8 212 1 3 7 4 78 84 . 3 o5 .0 10.487 4.18 1

'vi00



T A B L E  I I  (CLNT IKUEU )
UL IMATfJLCG ICAL CdS ERVA T ICN S

f C R  EACH P L A N T A T I L N  F I E L D  I N  " W A I A L U A  SUGAR C C . L T C . "  *

NUR
BEK

RA INEALL 
IN RM.

TC­
TAL

SLR-
M E 
^2

W I N - 
TtR
*3

AFTER  
K IIL

EVARCRAT ICN 
I N  RM,

TC- 1SUR,-|WIN- 
TAL J MER  I T E R  

I *2 1 *3

RAD I AT I CN 
I N K G . C A L O k I E S
TC ­
TAL

SLR-
MEK

w i n ­
t e r

GR .C
PER
DAY

T E M P . ( F A N )  
AT HARVE S T
RAX .

1 ■f'i 1 *3 1 1 1 1

363 1 221 1 162 1 5 20 65.2 65.8 1 IC. 5671 6 . o 1
319 1 188) 131 1 656 81 . 1 63. 1 1 10.6071 5.20
333 1 202 1 131 1 6 5C 81 . 1 o3. I 1 10.5351 6 . 79
305 1 17b) 129) 636 85 .2 65.8 1 1C. 52 8 1 6.11
319 ) 188) 131 1 652 81 . 1 63.1 1 1C. 5 6 C 1 6.71
305) 176) 129 1 661 85.2 65.8 11C . 6 5 0 1 3.63
312 ) 181) 131 1 627 85.1 6 6 . C 1 10. 593 1 6 . b 6
296 1 lb5) 13 1 1 6 30 86.5 6 3.9 110.6131 6.71

5) 180) 136 1 6 50 86 .5 65.5 110.5731 6 .76
3 13) 182 1 135 1 652 83 .0 63.5 1 10.599 1 6.1 5
2 80 1 169 1 13 1) 605 82 .7 6 6.7 1 1C . 591 1 6. 2 6
268) 137) 1311 6C9 82 .7 66.7 1 1C. 632 1 6 . 8 5
315 1 180) 136 1 638 66.5 65.5 1 10.581 1 6 . 5 0
327) 196) 131) 63C 85. 1 06 .C 1 10. 5571 6. 5 8
296 1 lo5) 1311 6 30 86 . 5 63.9 110.6131 6.3 7
315) 180) 136) 656 86 .6 65.3 1 10.6971 5.03
336 1 199) 135) 6 77 8b . I 65.0 1 10. 593 1 6. IC
336 1 18b) 168) 663 b5 .0 63.8 110.5091 6.17
331 1 195 1 137) 666 32 .3 6 2,6 110.6121 5 .66
3311 195) 137) 666 32 .3 62.6 1 1C . 58 7 1 5.3 5
32 1 1 lb9) 1531 666 80.0 66.6 110.5681 5.22
31/1 182 1 1 36 1 65C 8b . 5 66.5 11C . 5601 6 . 5 2
32u) 186) 136 1 652 85 .0 63 .8 1 1C. 586 1 6. 13
296 1 161 1 133 1 621 79.5 61.8 1 10.656 1 5.57
3 1 7 1 18 1) 13/1 660 77 . 5 bO.9 1 1C.72C 1 6.91
305 1 1721 13 3) 631 80 .6 61 .9 110.6291 5.56
296 1 169 1 1271 662 80 .6 5 3.6 1 10.702 1 5.36

R I N .

ncN
I SUGAR 
I ACRE 
IMGNlh

TUN
CANE
ACRE
R C N T H

62
63
63
63
65 
6 5
6 C)
6 c
66 
66 
67 
67 
67
6 U 
6d 
6 8 
6b 
69 
3C- 
5C 
50 
50 
5C 
5 1 
52 
52

2 3Ev: 
215C 
2225 
2 30^ 
2 2 50 
2225 
222 5 
16CC 
207b 
2 32 5 
Id75 
1575 
2 100 
25 ?5 
190 0 
2 375 
27 75 
230C 
lA /5 
16 7 5 
IdOO 
lc25 
2CCC 
ItibO 
16 50 
19CC 
2 150

t 5C 
9CC 
9 5C 
55C 
t /5 
57 5 
E5C 
5CC 
6CC 
6/5 
5..0 
675 
6t C 
£75 
E25 
5CC 
5/5 
35C 
625 
625 
6/5 
65C 
350 
f 25 
3 75 
c75 
675

165C 
125C 
13( 0 
175C 
1350 
165C 
1375 
1125 
1675 
185C 
1075 
IICG 
17f C 
17TC 
1275 
16 7 5 
22C0 
U 5 C  
1025 
102 5 
130 0 
1 2 0 0  
1650 
1025 
IC75 
10 50 
167 5

o9
C
Q

36
C

d9
C
C

377
£39

C
C

377
66

30C
637
19
52
C
C

212
39
o7

222
r.

2^1 
90 6

■^613 I 2922 I 169C 
3 6 6 0 1 2 3 6 7  I 1313 
3B00126fcd11313 
3 6 3 5 ) 2 2 0 2 1 1 3 5 2  
3 6 6 C 1 2367 I 1313 
d 6 3 5 l 228 2 I 1352 
3688 I 2 3 7 5 |1313 
3 5 9 5 1 2 2 6 0 1 1 3 5 5  
3 6 7 o | 2 3 2 5 1 136C 
3 6 8 0 1 2 2 2 2 ) 1 6 5 7  
3 3 7 0 1 2 C 1 5 I 1355 
31721 18171 1355 
3 6 6 3 ) 2 3 2 5 1 136C 
3 8 6 3 1 2 5 5 0 ) 1 3 1 3  
3 5 9 5 1 2 2 6 0 1 1 3 5 5  
3 6 5 0 ) 2 3 1 0 ) 1 3 6 0  
3 8 b 7 1 2 6 1 0 ) 1 6 5 7  
3 8 1 3 1 2 2 G 0 11613 
3 6 6 3 1 2 2 b 2 11210 
3663 1 2252 1 1 2 K  
3 8 6 0 ) 2 2 6 7 ) 159C 
3 6 2 5 ) 2 2 8 2 ) 1 3 ^ 2  
3 6 6 7 1 2 2 C 0 11667 
359512 1721 1622 
33 201 2 1 1C ) 121G 
3 7 3 0 1 2 3 C 7  ) 1622 
3 t l D l 2 2 6 7 ) 1 3 6 7

VO



T A B L E  I I  ( C L M I M J E D )
CL INATULCGICAL OBSERVAT ICNS

FCK EACH PLANTATICN F I E L C  IN "WAIALUA SCGAR CO .L T D . "  *

NUN
BEK

52
53 
53
53
r. -i
C 7
33
54 
54 
3 4
54 
5 4
55 
55 
55i: C  ̂>
55
56 
5t!
5 6 
56 
58 
56
6 5 
6 0 
dG 
60

R A I N F A L L  
IN NN..

TL-
TAL

19CC 
1475 
IdOG 
IhCC 
2rcc 
2 C ̂ C 
2C0C 
2 ICC
1 525
2 150 
2L5G 
2 :50 
1750 
^425 
1575 
2 5CC 
255C 
2425 
175C 
222 5
Z5 3C
1 975
2 325
1 6 ' r. 
19 75 
2325
2 3 50

SLN-
MER

>̂2

450 
425 
475 
45C 
35C 
35C 
35C 
9 5C 
375 
E5C
4 5 C 
45C 
£75 
S5C 
37 5 
7CC 
fcCC 
E75 
7CC 
4CC 
6 C C 
72 5 
525 
523 
725
5 2 5 
62 5

H N-
TER
* 3

145C 
1G5C 
131 0 
9 50
16 5C 
1 65C 
1650 
1 1 50 
1125 
15( C 
16C C 
161 C
fc75

14 75 
12 (. C 
18CC 
1975
15 50 
10 5C 
182 5 
19 7 5 
1225 
1775 
1 H  C 
122 5
17 75 
175C

AFTER
RIP.
>̂=4
677

C
209 
34 
3 7 
37 
3? 
C

689
772
784
764

C
C

78?
889
932

C
1C 17
809
919
32

225
L

37
1C2 5 
352

EV/ARCRAT ICN 
N NN.

TL- I S U N - U I N -  
TAL iNiER ITEK 

*2 I *3

3750 
34t>3 
3 715 
3745 
3790 
3 66 7 
3813 
3 300 
3 4 42 
3932 
36 4 / 
3647 
5472 
3660 
3 44 2 
3 76 3 
3 790 
3472 
3 M C  
349 5 
3790 
3 317 
35 72 
3 29 7 
3 317 
3 5 72 
i 3 1 7

2282 
2252 
2267 
2282 
2200  
2 2CC 
22CC 
24H8 
2C68 
2592 
219C 
2 190 
2 160 
2347 
2068 
2425 
2332 
2160 
2357 
2 155 
2332 
1945 
2192 
22C2 
1945 
2 192 
1997

1467
121c
144 7 
1463 
159C 
1 467 
1613 
1313 
1355 
1340 
1457 
1457 
131:> 
1313 
135 5 
1340 
14 5 7 
1313 
1 355 
1340
145 7 
13 72 
1 38C 
1 C 9 5 
1372 
1 3 80 
132C

R A C I A T I C N  
IN K G . C A L O R I E S
10-
TAL

S U N - 1W I N ­
NER ITER

GR .C 
PER 
DA Y

T E M P . (FAN) 
AT H A R V E S T
NAX .

1 >̂2 1 + 3 1 1 1 1

332 1 1821 1 5C 1 4o6 77 .9 62.9 1 10. 5551 4.82
331 1 1951 1371 454 82 .3 62.4 1 10. 5521 4 .96
3C81 169| 139 1 428 80.0 u 4 .4 1 10. 5651 5.33
32 8 1 1821 146 1 473 81 .4 66.0 110.5831 4.97
3 30 1 186 1 19 3 1 459 80.9 64. 1 110.5591 4.C8
320 1 186 1 134 1 452 85.0 o3.H 1 1C.58E 1 4 . 6 0
334 1 186 1 1481 461 85.0 6 3.6 110.5511 5.58
333 1 202 1 1311 455 81 . 1 63.1 1 10.54 1 1 4.80
279 1 1481 13 11 4 18 79.2 57.6 1 10. 5761 5.12
339 1 205 1 134 1 463 84 .5 65.5 110.5531 4 . 90
3 16 1 181 1 135 1 46 8 78 .6 6 3.3 1 10. 5691 4.35
3 10 1 1811 135 1 46 8 73 .6 6 3.3 110.5271 4.43
30 3 1 172 1 1311 4 2 9 81 .1 63.1 110.5201 4 .97
319 1 13H| 1311 435 81 . 1 6 3.1 110.5181 4 . b 5
2791 1481 1311 422 79 .2 5 7.6 1 IC.5681 4.94
3 24 1 190) 134 1 442 80 . 3 62.1 1 10.4 721 4 . 0 9
3 30 1 1951 135 1 4 58 78.6 63.3 1 1C.53 11 4.16
303 1 172 1 1311 42 7 81 . 1 63.1 110.5691 4.6 8
3 03 1 I 721 1311 435 82 .7 64.7 1 10. 592 1 5 .36
3 0C 1 1651 134 1 s4 3 80 .3 62.1 1 I0.5B21 4.81
i30 1 1951 1 35 1 454 78 .6 63.3 110.5631 4.21
2 78 1 149 1 13CI 401 31 .5 69. 1 110.6341 4.59
2 96 1 1741 122 1 412 82 . 7 71.3 110.5951 4.17
332 I 204 1 128 1 442 HI . 1 69.4 110.6021 4.74
2 781 Is:,! 13C 1 46 8 81.5 69. 1 1 10.64 1 1 4.83
2 96 1 1 741 1221 423 82 . 7 71.3 1 I0.6C7I 4.11
2 95 1 168 1 12/1 s 1 5 83.5 69 . 7 1 IC.601I 4 . 0 5

MIN.

ITCN
j SUGAR 
I ACRE 
I M ONTH

TON
CANE
ACRE
NCNTH

00o



r A B L t I I  ( C C M I N U E D )
LL IMATGLCG ICAL Ct iSERVATICNS

r-UF EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C C . L T O . "

NUN R A I N f A L L E V A P G R A T I C N R A C 1 A T IL N TEMP.. (FAH) ITCN ITGN 1
BER IN 2.H. IN NM. IN KG..CALORIES 0 R . C AT H A R V E S T 1 S U G A R I C A N E  I

TG- SLR- A IN­ AFTER IG- ISLM- W I N ­ rc- S U M ­ W I N ­ PER MAX. MIN. lACRE lACRE 1
1 AL M E R TER RIP. TAL IHER TER TAL MER TER DAY 1M O N I h l M C N T H |

* 1 *2 * 3 =>A 1 *3 *2 *3 1 1 1

61 1 6 Jo 575 1 1 C 0 G 3 2 5 8 1 2 1 5 5 1C95 331 203 128 A30 82 .0 07.7 1 0. 56 71 A. 83 1
6 1 19 75 725 1225 17 3 3 1 7 1 19A5 1372 2 78 1A9 13C ACl 81 .5 69. 1 10.661) A . 751
61 1975 75C 1225 17 3A 7 0 1 2 C 9 7 1372 291 161 130 AOl 81 . 5 69. 1 10.6071 A . 321
61 2325 525 1775 1C19 3 5 7 2 1 2 1 9 2 I 380 296 17A 122 AO 7 82 .7 71.3 10.A 7 6 1 3.A6I
6 1 2300 525 17 7 5 ICIA 3 A C 5 12C25 13 8C 2 8A l62 122 All 82 . 7 71.3 I0.6C5 1 3.87 1
62 2A25 95 C 150G C 331 7| 20A5 1275 30A 180 12 5 A15 78 .A 66.7 10.5571 A . 601
63 2A25 t75 1550 102 3 1 o 5 l 1890 1275 275 150 125 3 89 82 .2 70.2 10.599) A. 7C 1
6 3 19^;5 5 7 5 135C 79 3 A 9 5 12 16C 1335 296 169 126 A19 8A. a 70.0 10.6111 A .A8 1
Li 3 2375 52 5 185C 117 3 5 9 2 1 2 1 2 5 IA65 321 182 138 A27 85. a 72. 1 10.5121 A. 2 7  1
6 3 2A('0 3 75 20 2 5 59 3 5 9 5 1 2C5C 15A5 3 16 175 lAl A 52 82 .2 6 6.7 1 0.5571 3.821
L H 2A25 875 155C 97 3 1 o 5 11890 1275 2 75 150 125 391 82 .2 70.2 10.5391 A . 021
t A 1 92 5 575 13 50 79 3A95I2 160 13 2 5 296 169 126 A17 8A . 8 70.0 10.58?1 A . 2 2 1
6 A 2 3 75 5 25 16 5C A2 3592 12 12 5 1 At5 321 182 138 A27 85.8 72.1 10.5251 A . 1C 1
6A 2A25 375 202 5 59 3 A 6 3 1 2 C 5 0 1A13 30 A 175 129 A31 82 .2 66.7 i0.51fcl 3.751
65 19 75 7 5C 1225 389 3 3 C 2 11930 1372 2 79 150 13C AC 8 73 .5 66.8 10.6061 A . 321
to 232 5 55 C i 775 1C12 35 A 5 1 2 1 6 5 IBSvl 29A 172 1^2 A03 82 .A D 7 .6 10. 5971 A.5 C  1
c 5 2 325 625 1 7i C A25 3 50512 IBP 1320 310 183 127 A32 85 . 2 72.7 1C . 6 0 2 1 A . 13)
(J 6 i5:c A 75 1125 C 2 9 7 0 1 8 7 5 1C95 3 06 178 128 AAl 78 .9 6 5.5 J 0.6511 5.931
66 19('̂ ' 825 1C 75 25C 3 2 6 3 1 1 8 9 0 1372 280 150 1 30 A 0 0 7u.7 o5. 1 10.6321 5.A51
66 2 30 0 553 1 75C 967 3 5 2 0 1 2 lAO 13o0 2 90 169 122 AOl 77 .1 63.7 10.627) 5. 36 1
06 2275 65C 1625 962 3 A60I 2 1 a 1 13 19 3C8 181 127 A 32 81.5 69.3 1 0.566) 5 . 101
6 V 1675 A50 12 3C C 3 1 3 0 1 1 8 9 7 12 30 3 13 172 lAO A23 81 .6 6 7. A 1 0 . 6 5 A 1 5.3CI
o 7 18 50 75C 11<. 0 67 3 3 2 5 ) 1 9 5 2 1372 2 78 1A9 13C AGO 83.0 70. 7 10.6011 5.0C1
o / io75 6CC 12 75 122 3 2 7 2 1 1 8 9 2 13 80 2 72 150 122 395 bi . A 71.9 10.6001 A . 3 7 1
67 ^2 73 6C C 17( 0 132 3 A 6 b l 2 167 1320 3 09 182 12 / A21 87.0 7 3.1 IC.57CI A. 12 1
6d 1675 55C 1125 C 3 C 9 7 12CG2 109 5 3 18 190 128 A3 9 79.2 66 . 7 1C.6381 5.86)
68 182 5 75C 10 75 3 19 3 1 A 2 1 1 77C 1372 26 8 13B 1 3C AO 7 7c> . 7 o5. 1 1 0 . 662 1 5.731

00



T A B L E  I I  (CCNTINUEU)
CL IMATOLCG ICAL CBSERVATICNS

NUM
BEN

«1

FflN LACH P L A N T A T I C N

KA INFALL 
IN MM. ,

TO­
TAL

SLM-
MEK
t‘2

W I N ­
TER 
if 3

AFTER
klP.❖ 4

EVAPCRAT
:n  m m

TC-
TAL

S U M ­
MER
*2

lELC IN " W A I A L U A  SUGAR C O . L T D . "  *

CN

W IN ­
TER 
*3

R A D I A T I C N  
IN K G . C A L O R I E S
T O ­
TAL

S U M ­
MER

W IN­
TER

GR .C
PER
DAY

TEM.P.IFAH) 
AT h a r v e s t
MAX.

1 -2 1 ❖ 3 1 1 1

302 1 1691 133 1 397 77.1 63 .7 1C.5981 4.8 2
3051 1831 1221 416 82 .4 67 . 6 10. 566 1 4.68
296 1 169) 1271 432 81 .5 69.3 10. 596 1 5.29
2961 1691 1271 423 81 .5 69.3 10. 552 1 4 . 89
263 1 1501 113 1 385 62 .2 70.2 10.6371 5.17
28 3] 1571 126 1 396 84.8 70.0 IC.6471 5.15
290 1 1611 1291 437 31 . 8 69.9 10.5421 3.81
278 1 1491 1301 408 84 . 8 70.8 10.6411 4.91
278 1 149) 13CI 391 85.7 66.1 IC.53CI 4.4 7
286 1 1641 1221 412 85 . 7 66.1 1 C . 54 3 1 5.26
310 1 17 21 138) 441 78 .0 64.8 10.5311 5.06
2661 139 1 126) 398 77.8 62.5 10.6361 5.49
303 1 164) 138 1 427 78 .5 6 6.7 10.580 1 5.41
317 1 1891 1281 447 81 . 1 c 9.4 1 0. 693 1 5.31
292 1 1631 1301 411 81 .5 71.0 10.6331 4.71
2 69 1 147 1 122 1 412 82.4 67.6 10.6901 4 . 94
324 1 197 1 127 1 435 85 .2 72.7 1C . 5661 4.77
2o4 1 134 1 1301 383 81 .5 69. 1 10.727 1 5.71
281 1 1591 122 1 410 82 .4 6 7.6 10.6321 5.2C
317 1 189) 128) 437 81 .1 69.4 10,6271 4. 94
292 1 1631 1301 414 81 .5 71.0 10.6521 4.88
284 1 1621 122 1 413 82 .7 71.3 10.6531 4.32
310 1 1831 1271 43 0 85 .2 72.7 1 C. 59 81 71
266 1 1451 122 1 394 77 . 1 6 3.7 10.7251 5.33
3 10 1 183) 1271 4 26 83.5 69.7 10.629 1 5.23
316 1 158) 128 1 44 4 82 .0 6 9,6 10 .7 2C 1 5.4 1
2781 148 1 13C 1 393 81 .5 71.0 10.700 1 5.CC

MIN.

TCN
SUGAR
ACRE
MONTE

TON
CANE
ACRE
M C N T H

OB 
68 
o 3 
6d 
69 
6 9 
69 
77 
77 
79 
bC 
BC 
8C 
dl 
81 
8 1 
81 
82 
82 
8 2 
83 
83
83
84 
84 
6 5 
83

2425 
2 300 
2̂ 7 5 

22 73 
2123 
1725 
217 3 
1775 
1775
2 c, •: 0
lo2 5 
1450 
2 2^3
1 575 
175C
2 ICO 
2375 
1775 
1 7 30
1 325 
175C 
2125
2 350 
2123 
235o 
16 5C 
190C

35C 
575 
623 
623 
623 
3 50 
33C 
7CC 
7 C C 
35C 
45C 
323 
6 C C  

5CC 
7CC 
47 5 
65C 
673 
47 3 
5CC 
I C C  
473 
623 
45C 
t23 
523 
773

1675 
1723 
16 5C 
165C 
1323 
11/3 
1C23 
1(7 5 
1C 7 5 
14 30 
11/5 
1123 
1623 
If 7 3 
1(5C 
1023 
172 5 
11 ( C 
15CC 
1C25 
105C 
165C 
1725 
165C 
172 3 
IICC 
1123

977 
987 
95 7 
957 
84 
57 
64 

189 
189 
139 

0
717 
7 37

0 
25 

2C7 
35 9 
1 7 

197 
0 

25 
44 

357 
927 
967 

C 
-44

3650
3677
3313
3313
3060
3327
330 7
331 7 
3317 
3430 
3285 
3172 
3510 
3 135 
3495 
3222 
36o3 
313C 
3 39 2 
3133 
3495 
3405 
3 505 
3235 
3475 
3 K 2  
3 30 7

2 140 
2297 
1995 
1995 
1890 
1992 
19C0 
1945 
1945 
205C 
1897 
1838 
205C 
204C 
2 125 
1842 
2342 
1757 
2010 
2C40 
212 5  
2C23 
2185 
1852 
2135 
2C4 7 
19 25

1510 
138C 
1320 
132C 
117C 
1333 
140 5 
1372 
1372 
1330 
1388 
1335 
1460 
1C93 
13 72 
13BC 
132C 
1372 
13 8C 
1C95 
1372 
1 380 
1320 
13 8C 
132C 
1C95 
13 72

00N>



FOR

T A B L E  I I  (CONTINUED)
CL IMATOLCGICAL OBSERVATICNS

EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C O .L T D . "  *

i\UM
BER

* 1

RAINFALL 
IN MH.

T C ­
TAL

SLN-
MER 
* 2

W I N ­
TER
*3

AFTER
RIP.
*4

E V A P O R A T  ICN 
IN m .

TC- ISOM- 
TAL IMER 

I *2

w i n ­
t e r
*3

R A D I A T I C N  
IN K G . C A L O R I E S
TO- iSUM- 
TAL I MLR

WIN­
TER

GR .C
PER
DAY

T E M P . (F A H ) 
AT H A R V E S T
MAX.

1 *2 1 *3 1 i 1 1

270 1 1481 1221 409 82 .7 71.3 1 1C.73C 1 4.98
310 1 1831 127 1 423 85.2 72.7 i 10.6161 4.63
291 1 1611 13CI 407 81 .5 o9. 1 1 10.6171 4.39
2 79 1 1501 13C 1 401 78 .5 o6 . 3 1 10.6471 4.81
281 1 1591 122 1 405 82 .4 67.6 110.6151 4. 69
3101 1831 1271 424 83.5 69. 7 1 10. 592 1 4 .93
3121 1871 1251 422 81 . 8 7C.1 1 10.6 CC  1 4. 75
282 1 156 1 126 1 3 98 81 .7 63 .9 1 1 0 . 6t 6 1 5.05
281 1 1551 1261 422 84.8 69.7 1 10. 62 2 1 4. 65
3311 2031 1281 4 39 82 .0 67.7 1 10.604 1 4.35
2911 1611 130 1 407 81 .5 69.1 110.5991 4.09
2 781 149 1 13C1 393 81 .5 69.1 1 10.631 1 4. 52
2 96 1 174 1 122 1 419 82 .7 71.3 1 IC.6C21 4.2 5
291 1 161 1 13 C 1 4 18 81. 5 6 9.1 1 10.638 1 4.5 7
2811 159 1 122 1 40 8 82 .4 67.6 110.5801 4.4 3
2 811 159 1 122 1 4 03 62 .4 6 7.6 110.5891 4. 62
310 1 18 3 1 127 1 424 83 . 5 6 9.7 1 10. 553 1 4.4 1
2 96 1 1721 1251 411 31 .8 70.1 110.5461 4 .4 5
281 1 156 1 125 1 399 81 . 8 /C . 1 110.5931 4.60
282 1 1561 1261 401 81 .7 68.9 1 10. 579 1 4.4 5
294 1 168 1 126 1 4Co 81 .7 o8.9 1 1C. 595 1 4 .77
3 09 1 1631 126 1 4 46 34 . 1 7 2.2 110.5731 4.19
331 1 20 3 1 1281 437 82 .0 67. 7 1 10.604 1 4 . 87
291 1 I6l 1 13C 1 40 7 61 . 5 69 . 1 110.6071 4.2 9
269 1 1 4 7 1 Iz 2 1 396 82 .4 b 7 . 6 1 10. 57 5 1 3.65
3 10 1 l63l 127 1 433 85 .2 7 2.7 110.5191 3.86
2 96 1 172 1 12 5 1 422 81.8 7 0.1 1 10.54C 1 4.25

MIN.
I TCN 
I SUGAR 
1 ACRE 
I M O N T H

TON
CA N E
ACRE
M C N T H

85
85 
E6
86 
8 6 
86 
87 
6 7 
e 7
o 3
3 8

6 8 
39 
89
8 I 
69
9 0 
9C 
9 0 
9C 
9 0 
9i 
9 1 
91 
91 
9 2

2 725 
2575 
190C
1 90C
2 8 CO 
2fcGC 
2 30C 
2 225 
2 2 50 
2 150 
1376 
15 75 
2353 
19f Q 
23C0 
2 31. C 
3-̂ 25 
2 22 5 
22'CO 
2 2U0 
22/5 
2 5 60 
2 175
1 V- 0
2GCC 
30 00
2 2 00

525 
725 
77 5 
75C 
5 6C 
775 
90 C 
525 
550 
£25 
925 
£7 5 
9CC 
925 
£.5C 
£5^ 
92 5 

1C25 
95C 
£25 
9^0 
£25 
£2 5 
92 5 
£2 5 
9 0 0 

1 C 2 5

22CC 
185C 
1125 
1153 
225C 
1825 
1375 
170C 
1/CO 
1225 
9 50 
ICCb 
195C 
>7 5 

19 50 
19 50 
2U C  
12( C 
1250 
13 7 5 
13 75 
18(, C 
1350 
>75 

19 7 5 
2H 3 
1 175

IOC 
137 
127 
127 

1 1 1 2  
1C72

U
C

392
C

134 
132 

1 152 
177 

1114 
1114 
62 5 

C 
C 
0 
c

292
C

2 19 
322 
6CC

322711847 
35 0 5 1 2 1 8 5  
3 4 7 G I 2 C 9 7  
3 3 3 2 1 1 9 3 3  
3 3 9 2 1 2C 1C 
347512 155 
34 9 012 21 5 
33 3 2 1 1 9 9 7  
3 155 I 1820 
3 2 5 3 1 2 1 5 5  
3 4 7 0 1 2C97 
3 3 1 7 1 1 9 4 5  
357212 192 
34701 2 C ‘-7 
6392 I2C10 
3 3 9 2 1 2C10 
34 7 5 1 2 1 5 5  
3 3 4 0 1 2 0 6 5  
3152 I 1880 
3 3 3 2 1 19Q7 
35 15 12180  
3 5 2 2 1 2 19C 
3 2 5 0 1 2 1 5 5  
3470 I 2 C 9 7 
3 2 2 2 1 1 8 4 2  
3 5 0 5 1 2 1 8 5  
3 3 4 0 1 2C65

1 2 8 0  
1 2 2 0  
1372 
1372 
1380 
1320 
1275 
1335 
1232 
109 5 
1 372 
1372 
1 3£G 
1 2 / 2  
138 0 
1 3BC 
1 22C 
1275 
1275 
133 5 
13 3 5 
1362 
1C95 
13 72 
1380 
13 2 0  
127 5

0060



T A B L E  II (CCIMTINUEO)
C L I M A T C L C G I C A L  O B S E R V A T I O N S  

FOR EACH P L a NT m TICN F iELC IN " W A I A L U A  SUGAR C O . L T D . " ❖

NUN
BEK

1

T O ­
TAL

R A I N F A L L  
IN N.M. 

S L N - i W I N -
MER

’>2
TER
4-3

AFTER
RIP.
4 4

E V A P O R A T I O N  
IN NM.

TO- I S U N - I W I N -  
TAL IMEK i t e r  

1 42 1 43

R A D I A T I C N  
IN K G . C A L O R I E S
T O ­
TAL

S U M ­
MER

W IN­
TER

GR .C
PER
DAY

T E M P . (FAH) 
AT H A R V E S T  
M A X . 1 MIN.

1
1 42 1 43 1 1 1 1 1

294 1 1681 1261 408 31 .7 168.9 1 10.5731 4. 6 5
2951 1691 1261 426 3 4 . 8 1 6 9 . 7 1 10. 5381 4. 07
3001 172 1 1281 4 39 8 1 . 6 1 6 7 . 4 1 10.6541 5.15
2781 1491 1301 398 83 .0I 7C.7 1 10. 6441 5.0 6
286 1 164 1 1221 410 84. 8 1 70.8 110.6071 5.05
3C0 1 1721 1281 435 ul .61 67.4 1 1 0 . 6 4 C 1 5.2C
2781 1491 1301 393 83 .0170. 7 1 10. 5761 4.23
286 1 164 1 122 1 410 8 4 . 8 1 7 0 . 8 1 lC .65 5 1 5.0 8
2951 1681 1271 4 16 8 7 . CI73.1 1 10.6171 5. 40
304 1 1301 1251 407 73 .4166 . 7 1 10.6181 5.43
2 66 1 139 1 126 1 404 7 7 .816 2. 5 1 10.6201 4.98
292 1 1661 126 1 424 78 .9 165.7 1 10. 59 61 5.46
324 1 1961 129 1 443 7 3 . 8 1 6 2 . 1 110.5701 4. 16
2 78 1 1481 13C 1 410 78 .4167.0 1 1 0.6341 5.37
2 70 1 1571 122 1 403 7 9 . 1 1 6 4 . 3 1 10. 634 1 5.3 2
307 1 168 1 1391 428 7 8 . 6 1 6 8 . 4 110.5881 4 . 7 5
297 1 172 1 1251 415 78 .0164.8 110.6441 5.50
288 1 1621 126 1 410 8 1 . 4 l o 8 . 4 1 IC.5951 5. 2 0
279 1 15 31 1261 417 7 8 . 5 1 6 6 . 7 1 10 .577 1 4.6 0
291 1 1621 13CI 40*1 78 .5 166.8 1 10. 734 1 5.56
268 1 1461 12 2 1 39 8 79 . 1 |o4.3 1 10.6 04 1 5.02
3C7 1 168 1 139 1 437 78 .6 1 68.4 110.6271 4.97
3151 1901 1251 424 80 . 7 168.7 110.6621 5. 68
2 54 1 127 1 126 1 386 7 7 . 8 1 6 2 . 5 110.6351 5.02
2921 166 1 1261 42 8 7 8 . 9 1 6 5 . 7 110.5651 4 . 9 4
324 1 1961 12 9 1 44 6 78 . 8 1 6 2 . 1 110.5981 4.20
3 00 1 1751 125 1 412 8 0 . 7 1 6 8 . 7 1 10 .67 3 1 5. 40

ITGN 
I SU GAR  
I ACRE 
j MONTRi

TCN
C ANE
AC RE
M C N T H

9 2 
92 
95 
95
95 
9 6 
9 6
96 
9t 
9 7
97 
9 7 
9? 
9 0
9 a
9 8
99
99
99

10 0 
1 f' 3
A  U  w- 

10 0 
10 i 
10 I 
101 
101 
10 2

19 75 
2o75 
1 575 
1875 
245C
1 oU C 
1675 
245C 
2275
2 2 5C 
157 5 
2225 
2275 
18 50 
2325 
2 175 
2000 
18 2 5 
2 15C 
195C 
2 3i'C 
It'lo 
2280 
1 575 
2225 
22/5 
222 5

9CC 
70 C 
550 
775 
75 C 
5 5C 
775 
750 
575 
975 
h 2 5 
7 O' C 
(.5 0 
ECO 
6CC 
625 
550 
700 
575 
625 
57 5 
625 

1C25 
275 
7CC 
650 
925

1075 
1975 
1C2 5 
1100 
17CC 
1050 
IICO 
17( C 
1700 
1250 
1150 
1525 
1625 
1C 50 
1725 
1525 
1^75 
H O C  
1575 
1125 
1725 
1975 
1225 
13CC 
152 5 
1625 
13CC.

0
259

0
84

222
C

8?
227
69
C

619 
79 7 
775
362 
88 7 
882 

0
CoS
707
394
689
64?

0
794
797
789

C

3 5 1 5 1 2 1 8 0  
3 3 4 2 1 2 0 1 0  
3 0 1 7 1 1 8 9 7  
3 3 2 5 1 1 9 5 2  
3430 I2C5C 
3 C 1 7 1 1 8 9 7 
3 3 2 5 1 1 9 5 2  
3 4 3 0 1 205C 
3 3 3 0 ] 2 0 1 3  
3 3 1 7 1 2 0 4 5  
3 17 2 1 1 8 3 8  
3392 I 2060 
3 7 1 7 1 2 3 1 0  
3 2 7 51 19 02  
3 3 7 2 1 1 9 9 2  
3 4 4 2 j1990 
3 1 7 2 1 1 8 9 7  
3 4 5 5 1 2 1 2 0  
32 7 0 1 1 9 3 6  
3 4 3 0 1 2C57 
3240 I 1860 
34 4 2 1 1 9 9 0  
3462 I 2207 
3017 I 1682 
3 3 9 2 1 2 0 6 0  
3 7 1 7 1 2 3  10 
33C712032

1335 
1332 
1 1 2 0  
1372 
138C 
112C 
1372 
138C 
1.320 
1275 
13 3 5 
1332 
1405 
1372 
1380 
1455
12 75 
133 5 
1332 
1372 
138C 
1455 
127 5
13 3 5 
1332 
140 5 
1275

(X



T A B L E  I I  { C C M I K U E O I
CLIMATCLGGICAL COSEKVATICNS

EOF EACH PLANTATICN F I E L D  IN "WAIALUA SLGAK C G . L T D . "

NUR
BER

=-‘ 1

FA IN F  ALL  
IN R R .

t c ­
t a l

S L R -
M E R 

*2

W IN ­
TER 

V 3

AFTER
R I F .

*4

E V A F C F A T IC N
N MRi.

T C ­
TAL

SLR-
MEF

«2

W IN ­
TER

*3

R A i n  A T IC N 
IN K G . C A L O R I E S
TO ­
TAL

SUM- 
M E- R

w I N ­
TER

GP .C
PER
DAY

TER IP .  ( E A h )  
AT H A R V E ST  
MAX. I R U N .

1 *2  1 =!'3 1 1 1 1

276| 15C 1 1261 398 8 1 . 4  1 6 8 . 4 10 .64 4 1 5 . 3 1
296 1 1691 1261 425 83 .0  1 6 9 .4 1 C .6 6 1  1 5 . 3 9
312 1 1831 1291 h Z 9 7 8 . 8 1 6 2 . 1 1 0 .6681 4 .  82
3 15 1 1901 125 1 424 8 0 . 7  1 6 8 . 7 1 C. 655 1 5 . 3 3
2 c5  1 1391 1261 407 78 . 8 1 6 6 . 2 1 0 . C 6 3 1 5 . 2 9
303 1 1/71 1261 419 73 . 9  1 6 5 .7 10 .5761 5 . 0  6
3 12 1 1831 1291 429 78 .8  162.1 10 .6171 4 . 5 C
3161 180 1 1 3 6 1 468 7 9 . 7 1 7 1 . 0 1C. 61 I  1 4 . 9 9
2 96 1 16.5 1 131 1 419 7 8 .  1 1 6 9 .7 10 .69 3 1 5 . 1 1
2 85 1 lo O l 1251 411 76 . 5 1 6 3 .0 10 .66 8 1 5 . 2 7
333 1 201 1 132 1 458 8 1 . 9  1 6 0 .9 | 0 . 6 2 £ | 5 . 1 1
2 82 1 1511 1311 4 1C 80 . 4  1 7 3 .0 1C .614  1 4 . 8 4
2751 1501 1251 410 8 0 . 6 1 6 1 . 3 1 0 .6 9  7 1 4 . 9 3
321 1 1891 132 1 446 86 .4  17 5 . 6 10 . 546 1 4 . 3 3
267 1 1371 13 1 1 392 80 .4  1 7 3 . C 10. 637 1 4 . 7 1
2 90 1 16 5 1 1251 41b 8 0 . 5 1 6 1 . 2 10 .6781 4 . 8 7
32 1 1 189 1 132 1 446 86 . 4 1 7 5 . 6 1 0 . 5b6 1 4 . 4o
30C 1 174 1 125 1 412 7c> . 8 1 7 0 .8 1 0 . 68C 1 5 . 2 7
2 8 8 1 15 7 1 1311 420 7 3 . 5  I 7 2 .4 10 .6761 5 . 4  3
303 1 1711 1321 43 7 6 1 . 4  164 .C 1C . 6 2  6 1 5 . 1 5
3 2 3 1 190 1 1331 44 b 81 . 5 1 o 5 . 9 10 .6531 4 . 7 2
2 ;s '3 1 152 1 I H  1 4 1 0 8o . 4 1 7 3 . 9 1 0 . 6 6 C 1 5 . 0 1
29 1 1 166 1 125 1 4 12 8 1 . 9  1 6 9 . 0 1 C . 6 3 9 1 5 .2  8
322 1 190 1 132 1 h 5 7 85 .5  1 7C.CG | n . 6 8 l 1 4 . 9u
29 3 1 167 1 125 1 41 £ 7 7 . 4 1 6 3 . 4 10 .5641 4 . £ 3
2 b 1 167 1 13 11 4 1 2 73 .51  72 .4 1 0 .  649 1 5 . Y 7
3 C -:i 1 17 11 132 1 4 3 7 b 1 . 4 1 6 4 .0 1 C . 5 7 G 1 4 . « 1

TCN
SUGAR
ACRE
MONTE

TON
CANE
ACRE
RCNTH

tC2 
102 
IC2 
1C 3 
I :) 3 
10 3 
10 3 
K 4  
10 4
104 
10 4 
106
105 
10 6 
10 t 
ICO 
ict 
1C 7 
1C 7 
10 7 
11: 7 
K  0 
1C 4 
K o  
i v ‘; 
I 0 4 
10 9

1 7C0 
226C 
2275
2 2 60 
17CC 
2 400 
22 75 
16 60
18 76 
232 6 
2425 
2Cr  J 
2 379 
2 525
19 7 6 
24 2 5
2 526
3 32 5 
2 6C0
2 9 6'-''
3 3 26
2 4 50 
32CC
3 I 6'''
2 ' )  r  r ,

2 6 73 
2 y 75

575
dCC
525

1C25
4 5C
e50
525
5 7 5 
£25 
t c c  
7 5C 
9 60
6 5C
t oe
9CC 
£25 
£0 C 

136C 
1C5C 

£2 5 
950 

1 17 5 
1150 

92 5 
125C 
1 11 C 

£ 2 5

1 125
16 50 
175C 
122 5 
125C 
1550 
17^ 5 
10 5C
1 5 C 
172 5 
1675 
102 5 
172 5
17 5C 
1075 
161 C 
17 50 
16 50 
14 7 5 
2125
2 3 5C 
12 7 5 
20 7 5 
2 22 5 
142 5 
14/5

I 5 C

0
£59 
79 2 

C
9CC
f3G7
787

C
39 7 
917 
96 4 

S7 
6 9 
42 
84 
72 
39 

C 
C

884 
1217 

162 
33 7 
112 

L

4 4

33C0 
3 3o6 
3596 
3482 
3 130 
3 5 C 6 
3596 
3842 
3 715 
3 3 70 
3 c 35 
3492 
3177 
3 560 
3306 
3 3 72 
3 6 o G 
3960 
3376 
3366 
383u 
3 61-j 
8 4 0 
3616 
8362 
3 84 8 
3 36 6

1965 
2C30 
2 l £ d  
2207 
179 5 
2 172 
2 188 
2335 
22 IC 
2C15 
227C 
19 38 
1822 
2 19 5 
lOCO 
2C 17 
2 19 6 
2 3 70 
2C2C 
2 C 4 7 
2247 
2CC7 
2C47 
2 2 60 
2203 
2 190 
2C47

1335
1332
1405
12 75 
1335 
133 2 
140 5 
15C7 
1505 
1355 
136 5 
150 5 
136 5 
136 5 
15C5 
1355 
136 5 
1590 
1355 
1317 
15td 
150 5
135 5
136 6 
15 90
13 5 6 
1317

00
Ol



T A B L E  I I  (CCNTIMJED)
CLIMATCLCGICAL CBSEHVAf lCNS

FCK EACH PLANTATICN F I E L D  IN "WAIALUA SDGAR C C . L T D . "

KUR
BER

RA I N F A L L  
IN RR..

TC­
TAL

S L R -
MER

WIN­
TER 
❖ 3

A F T ER
R I P .

=̂6

L V A P C R A T IC N  
IN  RiM.

TG- I S D R - I W I N -  
TAL IR.ER ITER 

1 *2 I *3

IN 
TO­
TAL

R A D I A T I C N  
K G . C A L O R I E S  

SUM- I  W IN ­
NER I TDK

G R .C
PER
DAY

T E R P . ( E A H ) 
AT H A RV EST  
MAX. I M I N .

1 *2  1 *3  1 1 1 1 1

323 1 19C 1 13 3 1 668 81 .5  1 6 5 .9 J 10 ,6191 6 . 3  1
3211 1721 169 1 6 50 80 . 5 1 7 2 . 3 1 10 .63 5 1 6 . 7 8
283 1 1521 13 11 6C5 86 . 6  1 7 3 . 9 1 10 .5961 6 . 6 3
291 1 166 1 125) 629 8 2 . 8 ) 6 6 . 7 1 10. 572 1 A . 35
306 1 1791 1251 637 7 8 . 0 6 9 . 9 1 I 0 . 5 C 5  1 6 . 3 2
298 1 1671 131 1 607 73 . 5 1 7 2 . 6 1 10 .5 9  81 6 . 9 0
303 1 1711 1321 63 o 81 . 6  16 6 .0 1 1 0 . 5 3 3 ) 6 . 3 8
326 1 1911 1331 667 8 3 . 8 1 6 8 . 2 1 1 0 .5 2 1 1 3 . 8  3
2 96 1 17C1 125 1 616 81 .6  1 7 3 .0 1 1C .6 6 C  1 5 . 0 3
2 88 1 15 71 131 1 610 8 1 . 7 1 7 1 . 2 1 1 0 .6 8 9 1 5 . 1 9
3G8 1 176 1 1321 639 81 .2  1 6 8 . 8 1 1 0 .6 3 2  1 6 . 9 7
32 6 1 1931 133 1 6 68 83 . 1) 7 2 . 3 110 .6981 5 . 0 0
2 96 1 1701 1251 616 8 1 . 6 ) 7 3 . 0 1 1 0 .6 1 3 1 6 . 7 5
303 1 1721 1311 615 8 1 . 7 ) 7 1 . 2 110 .6391 5 . 0 2
296 1 1621 132 1 636 81 . 2 ) 6 8 . 8 1 1 0 .5 6 9  1 6 . 6 0
312 1 1 79 1 133) 65C 83 . 1 1 7 2 .3 1 I 0 . 5 B 7 I 6 . 8  3
2 89 1 lo 6  1 125 1 610 78 .0  1 6 9 .9 1 1 0 .6 1 2  1 6 . 6 6
300 1 176| 1251 6C6 79.  8 1 7 0 .8 1 I 0 . 5 2 C  1 6 . 2 5
2881 1571 1311 606 7 3 . 5 1 7 2 . 6 1 1 0 . 6 3 8 ) 5 . 16
303 1 1711 13 2) 632 8 1 . 6 1 6 6 . 0 1 1 0 .5A 2  1 6 . 2 9
308 1 17 5 1 1331 66 0 83 .3  1 6 8 .2 1 ) 0 . 6 1 2 1 6 . 6  1
231 1 156 1 1251 39C 80 .0  1 7 2 . 6 110 .6 2 7 1 5 . 2 6
231 1 15o 1 125 1 6C2 80 .0  1 7 2 . 6 1 1 C . 6 7 6  1 5 . 6 6
3151 186 1 13 11 632 b 1 . 7 1 7 1.  2 1 1 0 .6 7 6  1 6 . 9 6
315 1 186| 1 3 I 1 6 32 8 1 .7 1  71 .2 1 1 0 . 6 6 5 ) 6 . 9 e
3C8 I 1 76 1 132) 665 8 1 . 2 ) 6 7 . 8 1 1 0 .6 6 1  1 5 . 1 7
326 1 1911 133 1 660 8 2 . 8 1 6 9 . 6 1 I C . 6 6 C I 6 . 6 7

1 TCN 
I SUGAR 
I ACRE 
I MONT H

TCN
CANE
ACRE
MCNTH

109
110 
110 
110 
111 
111 
111
111
112 
11? 
112 
112 
113 
ll3 
113 
1 15 
113 
116 
115 
lib 
I 1 5 
125 
120 
120 
12 0 
120 
12 0

3300
2625
2 50C 
30/5 
2575 
2575 
2975
3 30 0 
2775
2 6 3 0
2 7bC 
2 77 5 
2 7 50 
267b 
2b75 
3C25 
2 7 7 5 
2 7 3 0 
2 5 25
2 5 75 
3250
3 02 5 
2 92 5 
25 ) J 
2 60 J 
2 A 50 
302 5

S5C 
5CC 

1175 
1 ICO 
16C0 
1 1C C 

E25 
52 5 

127 5 
1 c c c  

725 
75C 

1275 
1C'?C 
70 C 

1 35C 
6 5C 

13C0 
IC5C 

E25 
E75 
K25 
K25 
12wC 
1 2 -j C 

E5C 
52 5

2325 
1525 
1325 
19 7 5 
1675 
1675 
215C 
2 3 5C 
150C 
1650 
197 5 
2 0 5C 
1675 
1675 
l b ? 5  
l t .5C 
2125 
16 jC 
1675 
2150 
2373 
1575 
1675 
130 0 
12C C 
20C C 
210 C

1222
C

166
296

C
c

677 
112 

82 
197 
197 
137 
116 
19 7 
200 

C 
16 6 

C 
C

362
122

0
15C
196
186
167

69

3 8 3 8 1 2 2 6 1 
3 9 3 2 1 2 3 0 7  
3 b l 5 l 2 C C 7  
3605 I2C67 
6 0 0 0 1 2 6 0 7  
3 5 6 5 1 2 1 9 0  
33 o 5 | 2 C 6 7  
3877 I 2290 
3 9 0512 31 5 
3 3 3 0 1 2C25 
3 2 9 2 1 1 9 7 5  
3 9 2 5 1 2 3 3 8  
3 905 I 2315 
3 5 6 3 I 2 2 10 
315211832 
3 7 7 2 1 2 1 8 5  
3 7 9 0 1 220C 
3960 I23 7C 
3375 I202C 
3 36b I 20 6 7 
3 7 1 5 1 2 1 2 7  
3720 I 2130 
3 7 2 0 1 2 1 3 0  
3 765 I2 39C 
3765 I239C 
3322 I2C05 
3 8 9 0 1 2 3C2

1 5 t 8  
1677 
15 05 
1355 
159C 
13 5 5 
131 7 
1588 
1 59C 
1355 
1 31?  
1588 
1590 
1355 
1317 
1583 
1 590 
1590 
13 5 5 
1317 
1588 
159C 
159C 
1355 
135 5 
1317 
1588

00av



T A B L E  I I  (CUNTINUEO)
CL IMATGLGGICAL CBSEHVATICNS 

FOR EACH PLANTATICN F I E L D  IN "WAIALUA SUGAR C C . L T U . "

NUM I 
I3ERI

HA INFALL 
IN MM.

1 EVAPURATICN 
I IN MM.

I RAOIATICN I T E M P . ( FAF ) I I TCN |TCN |
I lN  K G .C A L U R IE S IG R .C IA T  HARVEST 1 1 SUGAR|CANE 1

ITC- | S L M - | W I N - | A F T E H | T U -  | S L M - | W I N - |TO- I S U M - | W I N - IPER iMAX .jMIN. llACRE lACRE I
ITAL IriLK ITER I K I P .  I I A L  IMER U E k ITAL |MER |TER | DAY | I IMCNTHIMCNTHI
1 \ *2 \ *3 \ 1 1 1 1 1 1

421 1 81 .61 73.0 1 10.6781 5.571
415181 .7171 .2 1 10.6221 5.061
443 1 81 .2 |67 .8 110.6261 4.941
466183 . 1 1 72.3 1 10.6431 4.801
398184 .0173 .5 110.6221 5.151
418180 .5161 .2 1 10.7031 5.401
432136 .4175 .6 1 10.65C 1 5 .1 4 ]
454131 .717 1.4 110.6101 5.191
404184 .0173 .5 110.6181 5.181
426181 .9  169.0 1 10. 667 1 5.171

12 I I 2950 I 145C I 1500|
121 I 2 5CC 1 1 IOC I 14CC 1 
12112350 I5 C l2 C rC |  
I 2 1 | 3 0 r : |  9CCI21CCI
122 1 2 50C I 127 5 1 125CI 
1221 3CC0I 115C110251 
122123751 E5C|2050| 
123125501i :5 C l1 5 C C l  
12312550 I 1325 I 12251
123 I 30001115C I 185C1

150 13905123151159C1 296| 17C| 125|
197 1356312210 I 1 355 I 303| 172l 13 l l
177 I3322I2CC511317I  3C8| 176| 132|
122 I 3925123331 15E8 I 326] 1931 1 3 3 1
179 1331511307115051 2b9| 138| 131|
29 7 133 72 I 20 17 I 1355 I 29C| 165| 125|

82 |33ob| 2CC0 I 1365 I 306| 174| H 2 |
C 14C0012492 I 1507 I 3241 188| 136|

1 72 1351012002 I 15051 282| 152| 1311
327 I34C512C47I1355I  291| 166| 125|

- :Y1ELC d a t a  a r e  S E L E C T E D  A U C C R O I N G  TC:
V A K I C T Y  :5C-72 C9
A G E  - - : 2 1 - 2 6  MCNTHS
PLAN! E C  :M,ARGH-NCVEMbEK
H A R V E b T E C - : M A R C H - N C V E M H E K
Y E A R S  ; 1 9 60-19 69

«1 : T H E  N L M B E R S  REFE R TC THE P L A N T A T I C N  FI E L D S  (SEE TAOLE III FO R O E C C O I N G )  
«2 :SGMMt;R MCNTHS: AP R I L , MAY , JUNE , JLL Y , AOGUS T , S E PT EMdER 
-̂•3: .•* INTER MCNTHS: OC T J BER , NU VEMH ER , DE CEM B ER , J A M  JAR Y , F E BRU AKY ,MARCF 
« a :RAINFAL1 a f t e r  LAST IRRIGATIC N R C U N D  IS A P P L I E D

00-vj



T A B L E  III ( C O N T I N U E D !
SOIL DATA, E L E V A T I O N  AN D  SL OP E 

FOR EACH P L A N T A T I O N  F I E L D  IN " W A I A L U A  S UGAR CO. L T D . "

F I E L D  NAME N U M l S I Z E l M A I N  
BERl IN ISCIL 

lAC. ISE- 
I IRIES
I I *1

% IMIN. 
OF ISOIL 
T O - 1 S E -  
T A L I R I E S  

1 *1

%
CF
T O ­
TAL

K I P  IPH IM O I S I P E R  
IN LB PERI I T U R E I M E A
ACRE FOOT! jST O- lB IL

I 1 I R AG EIITY
I I I *2 1*3

ORA
INA
GE

*4

ELE
VAT
ION
M.

S L O P E j M E A N  j 
IN % {TIN I 

I SUGAR! 
1 AC/MO!
i I

KEMOO 
KEMOQ 
KEMOO 
KEMOO 
KEMOO 
HELEMANG

1
2A
4
5 
9
2A

A2 ! 
43 1
46 I
47 1
48 1 
50 1

1551
751
93!

198!
30!

133!

n o
60

150
150
152

60

721 
81 ! 
82 ! 
80 I 
73!

60 
170 

62 
152 
1 50

86 llOCO

19
13
17
12
26

7

178! 11116.412.971 4
1301 7 8 1 6 .0 1 2 .9 0 !  4
243! 7315 .513.071 5
363! 9 9 1 5 .2 1 3 .1 4 !  5
275! 7 3 16 .2 13 .17 !  5
621! 6 9 | 6 . 613.041 4

5
5
5
5
5
5

36
100
153
166
226

40
HE L E M A N O 2Bl 511 53! 60 81 ! 62 1 i e | 3691 52 !6 .61 2 .97 1 4 5 1 86
H E L E M A N G 4 1 52 1 113! 60 751 62! 2A! 404! 8316 .812 .901 4 5 1 43
HE L E M A N G 4Al 531 1131 60 61! 162! 15! 4291 6 2 1 7 .0 1 2 .9 0 ! 4 5 ! 56
H E L E M A N G 4B l 54 1 146! 62 94! 1 0! 2671 4 4 1 6 .4 1 2 .9 0 ! 4 5 1 83
HE L E M A N G 5A ! 55 1 90 ! 60 68 ! 621 22! 225! 3916 .412 .871 4 5 ! 90
H E L E M A N G 5B| 56! 25! 62 88! 1 C 1 225! 37 1 6 .4 1 2 .9 4 ! 4 5 1120
H E L E M A N G 6 ! 581 94! 150 95! 1 C! 306! 7 1 ! 5 . 8 1 3 . 2 3 ! 5 5 1196
H E L E M A N O 6B ! 60! 120! 60 91 ! 62 ! e ! 311! 8 2 !5 .6 1 3 .0 1 ! 4 5 1140
H E L E M A N O 6CI 61! 200! 150 531 152! 331 300! 8 1 1 6 .1 1 3 .2 7 ! 5 5 1190
H E L E M A N O 7 ! 621 128! 150 60 1 152! 391 3111 65 1 5 .2 1 3 .1 7 ! 5 5 1203
H E L E M A N G 70 1 631 139! 150 76 1 1521 23! 3431 6 7 1 5 .1 1 3 .1 7 ! 5 5 1206
H E L E M A N O 8 1 651 151! 150 78! 152! 2 1 i 321! 7715.213.271 5 5 1193
H E L E M A N G 9 1 661 2051 60 75 ! 170! 12 1 420 1 7816.513.041 4 5 1 63
H E L E M A N O 10 ! 671 125! 150 100! 1 C! 3031 6115 .113 .301 5 5 1190
H E L E M A N G 11 1 681 1101 150 39 1 60! 10! 336! 61! 5 .5 !  3 .10 ! 5 5 1170
H E L E M A N G llA ! 691 78! 150 100 ! 1 0 1 2131 1 0 7 !5 .3 1 3 .2 7 ! 5 5 1196
PAALAA 1 1 77! 641 160 75 I10C0I 251 5911 1 6 6 !7 .8 1 3 .5 6 ! 4 5 1 3
G P A E U L A 1 ! 80 1 90! 62 57 ! 60! A2! 261 1 3 6 1 6 .8 1 2 .8 4 ! 4 5 1 40
O P A E U L A 2 ! 81 1 166 ! 60 56 1 62 ! 38! 2561 6 4 !6 .9 1 2 .9 7 1 4 5 ! 56

2- 410.
5-13! 0. 
2- 1 0 1 0 . 
4-1010. 
7-1010.
3- 710.
4- 510. 
4- 510. 
4 - 1 0 !0 .
4- 810.
6 - 1 4 !0 .
5- 810. 
3- 610. 
3- 610.
3- 7 |0 .
4- 810.
3-1310.
4- 810. 
4-1010.  
4-1010. 
4- 610.
4- 510. 
0 - 1 1 0 .
5- 810. 
2- 710.

584!
5571
5941
605!
6151
578!
588!
6331
569!
5531
5221
576!
6141
613!
5871
557!
570!
6021
6C9|
6261
6001
600!
585]
582!
645! 0000



F I E L D  NAME

T A B L E  I I I  
SO IL  OATA, ELEVAT ION AND SLOPE 

FOR EACH PLANTATION F I E L C  IN "WAIALUA SUGAR CO. L T D . ”

N U M IS IZE IM A IN  
BER l  IN I S C I L  

lAC. I S E-  
I I R I E S
1 1

1 % IM IN .  
|0F I S O I L  
IT O - IS E-  
I T A L I R I E S  
1 1

%
CF
TO­
TAL

K 1 
IN LB 
ACRE

1
1

P IPH  IMOIS  
PER I  ITURE 

FOOTl ISTO- 
1 IRAGE 
1 1 *2

PER
MEA
B I L
ITY
*3

ORA
INA
GE

*4

ELE IS LO PE IM EA N  I 
V A T ) IN  % ITON 1 
lONi ISUGARI 
M. l  lAC/MOl 

1 1 1

1 741 760 25 3701 27316 .913 .07 1 1 161 2- 410.5791
1 681 7 80 31 3291 41216 .913 .10 4 5 61 0- 310.5971
1 59 1 780 40 3241 32416 .912 .90 1 1 111 2- 210.6251
1 53 1 600 34 3391 3971 7 .6 1 3 .1 4 4 5 31 0- 210.5471
1 57 1 7 70 25 4191 28017 .013 .20 4 5 31 0- 210.5751
1100 I C 5621 13216 .713 .23 4 4 161 1- 610.5711
1 691 160 30 10941 12116 .813 .33 4 4 111 1- 610.5601
1 79 1 162 16 11631 20516 .813 .20 4 5 111 1- 210.5761
1 981 C 14751 46217 .213 .20 4 5 111 1- 210.5451
1 831 172 11 6061 17116 .913 .17 4 4 401 3- 710.5961
1 94 1 0 2871 70 16 .713 .20 4 5 401 3-1010.5741
1 831 c 3751 8516 .413 .04 4 5 661 4-1010.5611
1 591 760 40 4211 1091 6.61 3 . CO 4 5 60 1 6-1310.5391
1 46 1 760 31 4 551 25517 .013 .07 1 1 431 5-171 0.5061
1 65 1 102 35 12321 3101 7.21 3 .23 4 4 11 0- 210.4861
1 751 190 25 2791 9017 .0 13 .30 4 4 101 0- 210.5731
l i o o l 0 243 1 78 1 7 .0 1 3 .3 0 4 4 11 1- 210.6001
1 731 190 26 5011 1 4 9 )6 .9 1 3 .4 0 4 4 211 2- 310.5671
1 90 1 0 5241 7216 .513 .43 4 4 211 2- 310.5961
11001 C 374 1 40 16 .9 1 3 .2 0 4 5 461 3- 510.6361
1 731 190 26 3261 5 0 16 .8 13 .43 4 5 461 2- 410.6351
1 54 1 160 32 4801 12316.713.27 4 5 451 2- 410.6211
1 93 1 C 2111 451 6.61 3. 14 4 5 761 5-1710.6141
11 00 1 C 4811 11116.513.53 4 5 31 0- 410.5281
1 94 1 C 4451 11416 .913 .86 4 5 101 0- 510.5161

KAWAIHAPAI 1
KAWAIHAPAI 2
KAWAIHAPAI 2A
KAWAIHAPAI 2D
KAWAIHAPAI 3
GAY 1
GAY 2
GAY 3
GAY 4
GAY 5
GAY 5A
GAY 6
GAY 7
GAY 8
MILL 2
MILL 10
MILL 11
RANCH 2
RANCH 3
RANCH 4
RANCH 5
RANCH 7
RANCH lOB
VALLEY 1
VALLEY 3

I I  1351 6C0 
21 12911000 
31 271 6C0
41 67I10C0
51 641 780
61 lOCi  160 
71 1051 162 
81 1831 780 
91 1451 780 

lO l  1061 162 
111 771 172

85 I 172 
721 172 
791 600 
401 160 
321 160 
121 160 
521 160 
94| 160 

311 1321 170
321 731 170

88| 170
581 170 
9911000 
36I1CC0

121 
13 1 
141 
191 
25 1 
261
29 1
30 1

341
361
371
391

00vO



T A B L E  III (C ONTINUE D)
SOIL DATA, E L E V A T I O N  AND  SLOPE 

FOR EACH P L A N T A T I O N  F I E L D  IN " W A I A L U A  S U G A R  CO. L T D . "

F I E L D  NAME N U M l S I Z E  
BERl IN 

I AC.
I
I

MA IM 
SC IL 
S E ­
RIES 

>>1

% IMIN. 
OF ISOIL 
T Q - I S E -  
T A L l R I E S  

1

OF
TO­
TAL

K I P  IPH IMOIS
IN LB PERI 
ACRE FOOT I

I 1

ITURE 
I STO- 
IRAGE 
I *2

PER
MEA
BIL
ITY
*3

DRA
INA
GE

*4

ELE
VAT
ION
M.

S L O P E ! M E A N  I 
IN % I TON 1 

I SUGAR! 
IAC/MOl
I t

O P A E U L A
O P A E U L A
O P A E U L A
O P A E U L A
O P A E U L A
O P A E U L A
O P A E U L A
O P A E U L A
OP A E U L A
O P A E U L A
K A W AILGA
KAWAI L O A
K A w A I L O A
KAWAI L O A
K A W A I L O A
KA WA IL OA
KArtAILOA
K A W A I L O A
KA W A I L O A
KA W AIL OA
K A W AILOA
KA W AIL OA
KA WA IL GA
KA W A I L O A
KA W AIL GA

3
5
6
7
8 
9

12
16
17
18 
lA 
IB 
2
3
4
5
6 
7
8A
8B

11
12
13
15
18

82 I 43
83 I 94 
841 103 
851 61
8 6 1 59
871 114 
881 116 
901 183 
911 56
921 110 
971 47
981 76
991 115

ICQI 98 
1011 54
1021 110 
1031 114 
1041 120 
1051 55
1061 139 
1091 140 
1101 102 
111 I 4 2 
1131 95
H 4 |  61

160
62
60
62

150
150
150
570
150
570
62
60
60
60
60

150
152
152
152
152
150
150
152
150
150

551 1C5 
841 60
501 152 
86 1 155 
89 1 
95 1 

ICOl 
611 150 

1001 
681 150 

ICOl 
I OC I 
89 1
59 1 150 

1 00 I 
1 0 0 1 
551 150 
80 I 6 2
851
531

62
60

89 1 15 2 
100 1 
571 150 
751 155 

100 I

23 
15 
33
13 
C 
C 
C

38 
C

31
0
C
c

3C
0
c

44
19
14
39 
10
C

42
24 
C

3181 
2781 
3 501 
2091 
3101 
2431 
3 801 
3171 
368) 
2861 
538 1 
4901 
4131 
5951 
5051 
2961 
606) 
3891 
299) 
3401 
381 1 
294 1 
2561 
2781 
2871

201)6 
451 6 
391 6 
491 6 
681 5 
791 5 
701 5 
471 5 
7515 
761 5 
39| 7 
491 6 
371 6 
501 6 
301 7 
29 I 6 
4 6 ) 7  
50) 6 
361 6 
301 6 
621 5 
651 5 
381 5 
631 5 
801 5

. 8 1 3 . 2 3  

.5 12 . 8 4  

.6 13 . 0 0  

.213 . C 4  

.513 . 1 0  

.2)3 . 2 7  

.213.43 

.213.32 

.8 13 .3 0  

.21 3.50 

.0 12 .9 0  

. 5 1 2 . 9 4  . 812.81 

. 5 1 2 . 8 4  

.012.97 

.213 . 0 4  

.0 12.90 

.812 . 9 4  

.313.04 

.5)3.07 

.7)3.10  

.6 13 . 1 4  

.5 13 . 1 4  

.013.33 

. 4 1 3;38

4
4
4
4
5 
5 
5 
5 
5 
5 
4 
4 
4 
4
4
5 
5 
5 
5 
5 
5 
5 
5 
5 
5

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

13
76

123
120
166
170
210
255
235
261
63
40
68

108
60

108
100
91
83
75

158
161
198
161
198

1-1310.
4- 8 )0 .
5- 810,
5-1010. 
4- 710. 
4-1310.
3- 710.
2- 510. 
2-  610 . 
1- 1 0 1 0 .
6- 1010 .
3- 810.
2- 310.
4- 8 |0 .
5- 810.
4- 810.
4- 610.
3- 7 ) 0 .  
3- 910.
3- 9 | 0 .
5-1010.
4- 810, 
4- 910. 
4- 810. 
3-1310.

6791 
6321 
6621 
691 I 
6161 
626 1 
6091 
5801 
5761 
5501 
601 I 
5951 
6081 
6551 
6151 
661 I 
6281 
6171 
6191 
6341 
6001 
6001 
539 1 
6081 
5201

o



F I E L D N A M E  i N U M 1 S I Z E IMA IN I %  I MIN. I %  \ K  1 P 1 PH | M O I S I PER I C R A 1E L E | S LO PE  1 M E A N  |

T A B L E  I I I  (CONTINUED)
SO I L  DATA, ELEVATION AND SLOPE

FOR EACH PLANTATION F I E L D  IN "WAIALUA SUGAR CO. L T D . "  *

i B E R l  IN I S C I L I O F  i S O I L l C F  | IN  LB PER| 
I lAC. I S E -  IT C - I S E -  ITQ- IACRE FOOT|
I I I R I E S I T A L I R I E S I T A L I  I I
I I  I =>1 I 1 «1 I 1 I I

I T U R E lM E A l IN A lV A T ) IN  % I TON I 
I S T O - I B I L I G E  I IO N I  iSUGARl
I R A G E I I T Y I  I M . l  lAC/MQl
I *2 \ * 3  1*4 I I I I

K A W A I L O A  19 1115) lOll 15 0 | 881 1521 111 2261
WAIMEA^ 1 11231 1061 15 0 1 66 | 1521 26l 316|
WAIMEA 2 11211 H 4 |  150| 931 I Cl 2381
WAIMEA 3 11221 179| 15 0 1 67 1 1 55| 321 268|
W A I M E A  4 11231 1201 15 0 1 601 155| 40| 2401

8715 .513.271 5 
4015 .413 .101  5 
2816 .113.231 5
5615 .913.271 5 
4115 .713.111 5

1 5 12011 4- 710.5951 
I 5 I 861 2-2010.6571 
1 5 11201 3-1010.6421 
1 5 11081 4-1710.6581 
1 5 llCOl 3 - 1 0 ID .6 3 2 I

* :THE F I E L D S  THAT ARE OCCUPIED BY L E S S  THAN 60% OF ONE SO IL  S E R I E S  OR NOT PLANTED 
WITH VA R IETY  50-7209 ARE NOT INCLUDED IN TH IS  TABLE

* l : S E E  TABLE IV FOR LOCAL NAME AND C L A S S IF IC A T IO N

*2 :M 0 ISTURE  s t o r a g e  c a p a c i t y  I S  EXPRESSEC IN INCHES OF WATER

« 3 : P E R M E A B I L I T Y
« 4 : D R A I N A G E

1=VERY s l o w ; 2=SL0W; 3=M0D.SL0W; 4=M0DERATE; 5=M0D.RAPID 
1=VERY POOR; 2=PQ0R; 3=IMPERFECT;  4=M0D.WELL; 5=WELL

vO



SOIL  S E R I E S
T A B L E  IV

AND THE IR  C LA SS IF IC A T IO N  (ACCORDING TO " S O I L  CONSERVATION S E R V IC E )  
THAT OCCLR IN "WAIALLA SUGAR CO. L T D . "

NUMBERISOIL  S E R I E S  NAMEl I I N
ON MAP 1 1 U. S • 0 * 1A. CCMPPEHENSIVE SYSTEM OF S O IL  C L A S S IF IC A T IO N

600 IPEARL HARBOUR IVERY F IN E MCNTMQRILL. ISOHYPERTHERMIC TYP IC TROPAQUEPT
1000 1 HALEIWA IF  INE MIXED ISOHYPERTHERMIC TY P IC HAPLUSTOLL

160 IWAIALUA IVERY F IN E K A O L IN IT IC ISOHYPERTHERMIC TYP IC HAPLUSTOLL
170 lEWA I F IN E KACL I N I T I C ISOHYPERTHERMIC AR ID IC HAPLUSTOLL
190 1 WAIPAHU IVERY F IN E K A C L IN IT IC ISOHYPERTHERMIC TORRERTIC HAPLUSTOLL
780 IPULEHU I F I N E  LCAM MIXEC ISOHYPERTHERMIC CUMULIC HAPLUSTOLL
570 ILE IL EH U A ICLAYEY OX ID IC ISOTHERMIC HUMOXIC TROPOHUMULT

60 ILAHAINA 1 CLAYEY K A O L IN IT IC ISOHYPERTHERMIC TYP IC TORROX
150 1WAHIAWA ICLAYEY K A C L IN IT IC ISOTHERMIC TROPEPTIC EUTRUSTOX



193
T A B L E  V

CLIMATOLCGICAL INFORMATION FOR STATION:  KAWAIHAPAI
LOCATEC IN "WAIALUA SUGAR COMPANY I N C . "  tOAHU,HAWAI I

M CN TH RA I N
FALL
MM.

E V A P O ­
R A T I O N  
IN MM.

MOIS- IR A D I-  ITEMPERATUHE (FAHRENHE IT )  
TURE lATION 1 M A X .1 M IN . IMEANlMAX-MIN 

O E F IC IT iK G . C A L l  j 1 |
--------- 1--------- 1-------- i — — I ----- 1------------

JAN.
FEB.
MAR.
APR.
MAY.
JLNE
JLLY
AUG.
SEP.
OCT.
NCV.
CEC.
ANN.

55 
85 

135 
-20 
32 
17 
13 
1 3 
30 

135 
42 
75 

652

79
77
65

122
113
138
145
141
115

88
57
43

1185

y e a r : 
-2 4  I 10.

8
70

-102
-81

- 121

8.
11.
11.
14.
14.

•132 1 14. 
129 I 15.
-86
47

- 1 5
32

14.
12.
12.
10.

1960 
211 79, 
9^1 78, 
461 77. 
381 80. 
041 85. 
041 87. 
631 88, 
351 89, 
371 87, 
321 84. 
271 80,
.051 77, 

- 5 3 3  1149.051 83,

y e a r : 1961

1 1 64 
5 164 
91 64 
9 1 6 5  
3167 
71 69 
91 71 
31 70 
91 69 
91 69
2 1 66 
3 164 
21 67

.4171.71 

.7171.61 

.3171.11 

.4173.11 

.4176.31 

.4178.51 

.0179.91 

.5179.91 

.5178.71 

.1177.01 

.2173.21 

.0170.61 

.2175.21

YEAR: 1962

14.7
13.8 
13.6 
15.5
17.9
18.3
17.9
18.3
18.4
15.3
14.0
13.3
15.0

JAN. 11 10 71 64 1 43 1 10.871 7 7 . 1 1 6 2 . 1 1 6 9 . 6 1 15.0
FEB . 11 351 63 1 -28 1 10.541 7 7 . 3 1 6 4 . 4 1 7 0 . 8 1 12.9
MAR. 11 401 1C6 1 -66 1 14.611 8 1 . 9 1 6 4 . 1 1 7 3 . 0 1 17.8
APR. 11 521 123 1 -71 1 14.231 8 0 . 4 1 6 4 . 4 1 7 2 . 4 1 16.0
MAY. 11 1C2 1 136 1 -33 1 16.201 8 4 . 0 1 6 6 . 3 1 7 5 . 1 1 17.7
JUNE 11 171 1C8 1 -90 1 15.291 3 2 . 1 1 6 5 . 8 1 7 3 . 9 1 16.3
JLLY I1 15 1 151 1 -136 1 16.151 3 3 . 0 1 6 5 . 6 1 7 4 . 3 1 17.4
A LG. 11 51 129 1 - 1 3 4 1 16.301 8 5 . 3 1 6 6 . 2 1 7 5 . 7 1 19.1
SEP. 11 71 149 1 -141 1 16.491 8 4 . 7 1 6 2 . 9 1 7 3 . 8 1 21.8
CCT. 11 221 109 1 -87 1 11.521 8 2 . 4 1 6 4 . 9 1 7 3 . 6 1 17.5
NCV. 11 10 51 85 1 20 1 8.481 7 7 . 8 1 6 2 . 1 1 6 9 . 9 1 15.7
CEC. 11 421 89 1 -47 1 9.011 7 7 . 9 1 5 7 . 8 1 6 7 . 8 1 20. 1
ANN. 1I 5521 1322 1 - 7 6 9 1159.711 8 1 . 2 1 6 3 . 9 1 7 2 . 5 1 17.3

JAN. 11 107 1 94 1 14 1 7.981 7 6 . 1 1 5 8 . 2 1 6 7 . 1 1 17.9
FEB. 11 12C1 95 1 25 1 8.451 7 2 . 8 1 5 5 . 2 1 6 4 . 0 1 17.6
MAR. 11 23 51 110 1 125 1 8.451 7 4 . 5 1 5 8 . 5 1 6 6 . 5 1 16.0
APR. 11 7C1 131 1 -61 1 11.521 8 1 . 9 1 6 2 . 1 1 7 2 . 0 1 19.3
MAY. 11 112 1 165 1 -5 3 1 12.211 8 2 . 9 1 6 3 . 0 1 7 2 . 9 1 19.9
JLNE 11 201 168 1 -1 4 9 1 12.911 8 6 . 9 1 6 6 . 1 1 7 6 . 5 1 20.8
JULY 11 71 195 1 - 1 8 7 1 13.751 8 9 . 2 1 6 8 . 3 1 7 8 . 7 1 20.9
AUG. 11 151 177 1 -162 1 13.211 9 0 . 8 1 6 9 . 5 1 8 0 . 1 1 21.3
SEP. 11 451 165 1 -120 1 12.641 9 0 . 4 1 6 8 . 9 1 7 9 . 6 1 21 .5
CCT. 11 8C 1 152 1 -73 1 10.991 8 7 . 3 1 6 6 . 9 1 7 7 . 1| 20.4
NCV. 1 1 51 149 1 - 14 4 1 9.041 8 1 . 7 1 6 8 . 6 1 7 5 . 1 1 13. 1
D E C . 11 55 1 ICl 1 -47 1 8.891 7 7 . 6 1 6 6 . 0 1 7 1 . 8 1 11 .6
ANN. 11 8721 17C4 1 -8 3 2 1130.061 8 2 . 7 1 6 4 . 3 1 7 3 . 5 1 18.4



194
T A B L E  V (CONTINUED)

CL IMATULUGICAL INFORMATION FOP STATION:  KAV;AIHAPAI 60-64
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  ,GAHU ,FAwA I I

M C N T H RAIN
FALL
MM,

EV APO - 
H A T I C N  
IN MM.

M O I S -  IRADI- I T E M P E P A T U P E  ( F A H k ENHEIT)
TURE lATICN 1 MAX. 

D E F I C I T l K G . C A L l-------I------ I-----
IN. MEAN IMAX-M IN

JAN.
FEB.
MAR.
APR.
MAY.
JUNE
JULY
AUG.
SEP.
OCT.
NOV.
DEC.
ANN.

2B5 
82 

25 7 
352 
202 
13 
17 
42 
27 
15 
25 

135 
1455

34
125
129 
118 
158 
181 
186 
17C 
160
130 
118
60

1622

YEAR: 
201 I 9 
-43 I 9. 
128 I 11,

1963

224
44

•169
■169

9,
10,
9,

10
■128 I 12, 
•132 1 12,
-115 1 
-93 I 
75 I

10,
9,
9,

-167 1123,

77.7 64.9 71.3 1 12.8
78 .7 65.2 71.9 1 13.5
78.6 67,2 72.9 1 11.4
78.7 69,2 73.9 1 9.5
79.9 68.1 74.0 1 11.8
82 .4 70.3 76.31 12.1
83 .5 71.6 77.51 11.9
84.4 71.1 77.7 1 13.3
33 .3 71.5 77.4) 11. e
82 .4 7 0.8 76,61 11.6
81 . 1 68.4 74.7 1 12.7
79.6 63.4 71.5 1 16.2
80 .9 63.5 74 .7 1 12.^

YEAR: 1964
JAN. 1 1 8 3 1 105 1 -18 1 8.931 79 .6 63.5 71.51 16.1
FE B. 1 1 5 1 111 1 -106 1 3.801 79.6 6 1.3 70.41 18.3
MAR. 1 1 1051 127 1 -22 1 11.031 79 .4 6 3.2 71.3 1 16.2
A PR.  1 1 251 123 1 -103 1 10.021 80.7 63.8 72.21 16.9
MAY. i 1 101 170 1 -160 1 12.391 82.1 63.9 73.0 1 18.2
J U N E  1 1 5 1 194 1 -189 1 11.921 84.7 6 7,0 75.8 1 17.7
JU L Y  1 1 521 195 1 -142 1 12.621 84.5 67.9 76.2 1 1 c . 6
AUG . 1 1 131 187 1 - 174 1 14.121 35.7 67.0 76.3 1 18.7
SEP. 1 1 10 1 161 1 -151 1 13.681 85 .9 66.6 76.31 19. 1
OCT. 1 1 701 142 1 -72 1 10.561 82 .4 66.5 74.41 15.9
NOV. 1 1 601 113 1 -53 1 8.641 80.2 66.3 73.5 1 13.4
DEC. 1 1 3101 82 1 228 I 8.291 79 .6 66.3 72.91 13.3
ANN. 1 1 7521 1715 1 -962 1 131.281 8Z.0 6 5.3 73. 7 1 16.7

YEAR: 1965
J A N 1 1451 128 1 17 1 0.0 11 78 .5 6 4.2 71.31 14.3
FEB 1 60 1 144 1 -84 1 0.0 11 75.3 62.6 68 .9 1 12 . 7
MAR 1 7 1 132 1 -125 1 O.C 11 79.5 61.5 7C.5I 1 S . C
APR 1 2251 125 1 100 1 0. C 11 79.9 64 . 4 72.11 15 . 5
MA Y 1 100] 139 1 -3 9 1 c . c 1 82.7 6 0 . 8 74. 7 1 15.9
J U N 1 10 1 215 1 -205 1 O.C 11 84 . 7 6 7.2 7 5.91 17. 5
JUL 1 67 1 195 1 -127 1 O.C 11 85 .5 67.7 7 6 . 6 i 17.3
AUG. 1 271 182 1 -155 1 c . c  i1 85 .5 6 3. C 76.8 1 17. 5
SEP 1 151 135 1 -120 1 0. 0 ,1 86.9 66 . 2 76.6 1 29.6
OCT 1 1901 130 1 6C 1 O.C 1 83.2 t 7 .  8 75.5 1 15.4
NOV. 1 322 1 96 1 226 1 0.0 i1 79.7 6 6.5 73.11 13.2
DEC 1 1171 93 1 25 1 c . c 1 76.9 63.6 70.,? 1 13.3
ANN. 1 12871 1715 1 - 4 2 8 1 C.O 11 81 . 5 65.5 73.5 1 1 6.  C



195
T A B L E  V (CCNTINUED)

CL IRATOLOG ICAL INFORRATICN FOR STATION: KAwAIHAPAl 60-66
LOCATED IN "WAIALUA SUGAR CC.MPANY INC."  , OAHU,HAWAII

M O N T H RAIN I EVAPO- 
FALL IRATICN 
R M . 1 I N R R .

R O I S -  IRAQI- ( T E M P E R A T U R E  (FA H R E N H E I T ) 
TURE lATIGN I M A X . |M IN . 1 M E A N | R AX -M  IN 

O E F I C I T I K G . C A L I  | 1 |-------I-------I----- I---- 1---- .........

JAN
FEB.
MAR
APR
MAY
J  UN
JU L
AUG
SEP
OCT
NOV
DEC
ANN

251 
1921 
30 1 

- 70 1 
251 
101 
551 
251 
171 
351 

285 1 
721 

862 1

103
92

139
158 
163 
201 
198 
195
159 
165 
lie 
105

1770

YEAR 
-78 1 
101 1 
•1C9 I 
-89 1 
•138 1 
•191 I 
•163 I 
•170 1 
•162 I 
•110 I 
175 I 
-32 1 
•927 1

: 1966 
0.0 1 73
0 .0
0.0
c.c
0 .0
G.C
O.C
O.G
O.C
O.C
0 .0
O.C
0 .0

76
80
79
83
85
85
86 
87 
35 
82 
79 
82

0159 
6162 
2162 
1 |62 
6 165 
2 1 68 
2 168
1 I 69 
6|68
2 1 68 
0 1 6 7  
4 | 6 5  
3(65

.9(68.91 

.6)69.51 

.3)71.21 

.6170.7 1 

.1)76.21 

.6176.8 I 

.0176.61 

.1 17 7. 6 1 

.1177.8 1 

.7176.91 

. 1 I 76.51 

.6 172.5 1 

.6 I 76.01

YEAR: 1967

18.1
13.8
17.9
16.7
18.5
16.8
17.2 
17.0 
19. 5
16.5
1 6 . 9
13.3 
16.7

JA N 1 501 106 1 -56 1 0.0 1 78 . 1 1 6 3 . 5 |7C.8 I 16.6
FEB 1 22 1 106 1 -33 1 O.C 1 8 0 . 2 1 6 3 . 6 1 7 1 . 9 1 16.6
MA R 1 2151 116 1 99 1 O.C 1 79 .6 (6 6. 7 1 72 .0 1 16.7
APR 1 271 166 1 - 1 1 9  1 G.C 1 8 0 . 6 1 6 6 . 5 ) 7 2 . 6 1 15.9
MAY 1 80 1 171 1 -91 1 0.0 1 8 6 . 0 J 6 6 . 8)75.61 17.2
JUNE 1 71 199 1 -1 9 2  1 O.C 1 86.5 165.8 I 76.11 20.7
JUL 1 601 186 1 - 1 2 6  1 O.C 1 8 7 . 3 ) 6 9 . 1 1 7 8 . 2 1 13.2
AUG. 1 501 171 1 -121 1 O.C 1 8 6 . 3 1 6 8 . 9 1 7 7 . 6 1 17.6
SEP 1 151 139 1 - 1 7 6  1 O.C 1 8 8 . 2 1 6  7.6177.81 20.3
OCT. I 271 180 1 -153 1 0.0 1 8 7 . 0 ( 6 8 . 6 1 7 7 . 7 1 18.6
NCV 1 70 1 161 1 -71 1 0.0 1 80 .8 (66. 8 1 7 3 . 8  1 K . C
DEC 1 2301 106 1 126 1 O.C 1 78.3 167. 3 1 7 2 . 8  I 1 1.0
ANN. 1 3551 1816 1 -959 1 0.0 1 6 3 . 0 1 6 6 . 6 1 7 6 . 7 1 16.6

YEAF!: 1968
JAN 1 1971 133 1 65 1 0.0 1 78 .9 166.1 1 71. 5 1 16.8
FEB 1 1651 163 1 -18 1 O.C 1 80 .5 162.5 171 .5 1 18.^
MAR 1 1851 118 1 67 1 0.0 1 77.3 16^.1 17C.91 13.7
APR 1 1021 168 1 -65 1 0.0 1 83 . 6 ) 6 6 . 8 1 7 5 . 2 1 16.3
MAY 1 251 177 1 -152 1 O.'- 1 8o.l 166. 1176. 11 20. '
JUN 1 131 197 1 -186 1 O.C 1 87 .9 168.6 1 73. 11 IQ. 5
JUL 1 20 1 197 1 -177 1 O.C 1 9 0 . 0 1 6 9 . 3 1 7 9 . 6 1 20.7
AUG 1 51 199 1 - 19 6 1 n.c 1 90 .3 (68.8 179.51 21.5
SEP 1 271 169 1 -161 1 0.0 1 9 0 . 3 ) 6 9 . 2 1 7 9 . 7 1 21.1
CC T 1 771 139 1 -62 1 0.0 1 88 .6 169. 1 178.8 1 19.5
NOV 1 1021 117 1 -15 I O.C 1 86.1 1 0 6 . 5 176.3) 19.6
DEC 1 2651 81 1 133 1 O.C 1 8 0 . 2 1 6 5 . 9 1 7 3 . 0 ) 16.3
ANN 1 11651 18 38 1 -673 1 0.0 1 8 5 . 0 ) 6 6 . 7 1 7 5 . 9 1 18. 3



t a b l e  V ( CC NT INUEU)
C L I M A T O L O G I C A L  I N F G R M A T I C N  FOR ST ATI O N :  K A W A I H A P A I  60-t)4 

L O C A T E D  IN " W A I A L U A  SUGAR CCMP A N Y  INC." ,O A H U , H A W A I I

196

M C N T H R A I N l E V A P O -  
FALLI R A T I O N  
MM. I IN MM.

M C I S -  IRADI- I T E M P E R A T U R E  ( F A H R E N H E I T )  
TURE lATICN | M A X . | M IN . 1 M E A M M A X - M I N 

D E F I C I T j K G . C A L l  I | 1

YEAR: 1969
JAN j 1 2351 113 122 1 O.C 1 77 .7164 .6171  . 11 13.1
F E B  1 I 1C71 100 7 1 0 .0  1 79 .4167 .1173 .21 12.3
MAR. I 1 721 131 -59 I C.C 1 80 .0  163.0 171. 5 1 17.C
APR 1i -271 161 -134 1 C.C 1 81 .0165 .9173 .41 15.1
MAY. 1 1 271 189 -162 1 O.C 1 63 .9 16 4 .  1174.0 1 19.8
JUN 11 201 180 -160 1 0 . G 1 85 .5  1 6 5 . C 1 75.3 1 20. 5
JU L  j 1 30 1 196 -166 1 0 .0  1 85 .4  1 6 8 . C 176.71 17.4
AUG. 11 131 213 -200 i C.C 1 85 .7167 .5176 .61 13.2
SEP  11 50 1 167 -117 1 O.C 1 84 .5168 .1176 .31 16.4
OCT. 11 AOl 168 -128 j C . c 1 85 .2166 .3175 .71 18.9
NOV. 1 1 1351 193 -58 1 7 .C4 I 83 .2167 .1175 .11 16. I
DEC. 11 701 111 -42 1 7.411 80 .7163 .5172 .11 17.2
ANN 11 8271 1924 -1097 1 O.C 1 82 .7165 .8174 .31 16. S

YEAR: 197C
JA N .  11 1851 126 59 1 8.661 79 . 1 1 6 1 . 5 1 7 C . 3 1 1 7 . c
F E B .  1 J 751 137 -62 1 11.141 78 .8157 .8168 .31 21.9
MAR. 11 51 160 -155 1 13.371 79 .9156 .0167 .91 23.9
APR.  11 381 164 -126 1 17.341 79 .5  15 1.0 I 70 .  3 1 18.5
MAY. 11 10 1 182 -172 1 16.171 8 3 .0 1 6 3 .2 1 7 3 .  11 19.8
JUNE  11 51 193 -188 1 16.511 84 .4164 .8174 .61 19.6
JU L Y  11 551 206 -151 1 21.761 84 .2154 .5174 .31 19.7
AUG. 11 101 204 -194 1 1 7 . CGI 85 .3164 .2  174.71 21.1
S E P .  11 101 164 -154 1 14.191 85 .1 163.717^.41 21.4
OCT. 11 521 150 -97 1 15.901 3 3 .4 )6 4 .7 1 7 4 .0 1 13.7
NOV. 1 1 1201 94 26 1 8.221 80 .2 16 3 .  5171 .8 1 16.7
DEC. 11 381 114 -77 1 10.131 77 .3 162.0169.61 15. 3
ANN. 11 6021 1895 -1291 1 170. 391 81 .7  162.2172.01 19.4



197

T A B L E  V
CLINATGLCGICAL.  INFORMATION FOR STAT ION:  OFF ICE

L X A T E C  IN "WAIALUA SUGAR COMPANY I N C . "  , OAHU,HAWAI I

MONTH RAIN
FALL
MM.

EVAFO- 
RATICN 
IN PM.

M O I S -  IR AD I- I T E M P E R A T U R E  ( F A H R E N H E I T )  
T U R E  lATION I M A X . | M I N . 1 MEAN IMAX- MIN 

D E F I C I T l K G . C A L I  I | I-------)------ 1----- 1---- ,---- I--------

JA N .
FEB.
MAR.
APR.
PAY.
JUNE
JU LY
AUG.
SEP.
OCT.
NCV.
DEC.
ANN.

20 
90 

10 2 
17 
35 
15 
47 
13 
40 

19 5 
52 
75 

702

92
98 

127 
140 
160 
189 
2C3 
188 
161 
127

99
77

1663

YEAR: 
-73 1 11

-8
-25

10
12

•123 1 12 
•125 I 14
-174
•155
•175
•121

67
-47

-2

14
15 
15 
14 
13 
12 
10

-960 I 157

1960 
.321 78 
.051 78 
.311 77 
.421 79 
.971 83 
.861 84 
.16 )  8 5 
.781 85 
.661 85 
.261 83 
.221 80 
.461 79 
.4 6 )  81

.0 1 6 0 .  

.2 15 9 .  

.5161. 
.0 16 1 .  
.0 16 4 .  .8166. 
. 0 1 66. 
.2 16 7 .  
.1166. 
. 9 1 66. 
. 7 1 6 4 .  
. 0 ) 60 . 
.6163 .

6169.31 
7168.91
2169.31 
9170.41
7173.81 
0175 .4 )
7175.81 
0176.11 
3175.71 
4175.1 I 
5172.61
6169.81 
8172 .7 !

y e a r : 1961

YEAR:  1962

17.4
18.5
16.3
17.1
18.3 
18.8
18.3
18.2 
18.8
17.5 
16.2
18.4 
17.8

JA N . 1 1151 93 22 1 11.401 78 .8153 .8168 .81 20.0
F E B . 1 401 89 -49 1 10.811 78 .8162 .0170 .41 16.8
PAR. 1 221 137 -115 1 14.301 81 .0160 .8170 .91 20.2
APR. I 421 lAO -98 1 14.421 81 .0162 .3171 .61 18.7
PAY. 1 851 188 -103 1 16.151 82 .9165 .1174 .01 17.8
JUNE 1 171 174 -156 1 15.291 83 .8165 .6174 .71 18.2
JU LY 1 42 1 199 -156 1 14.901 85 .2 16 5 .2175 .21 20 .0
AUG. 1 121 2C7 -195 1 16.951 36 .4165 .7176 .01 20.7
S EP . 1 151 160 -145 1 14.971 87 .2164 .8176 .01 22 .4
CCT. 1 521 1G8 -56 1 12.201 84 .2166 .4175 .31 17.8
NOV. 1 10 51 93 12 1 10.761 8 0 .6 )6 4 .3 1 7 2 .4 1 16.3
CEC. 1 601 85 -25 1 9.851 7 9 .9 1 6 1 .7 )7 0 .8 1 13.2
ANN. 1 61CI 1574 -1064 1162.001 82 .5 16 3 .6173 .01 18.9

JAN . 1 10 2 1 92 11 1 10.041 79 .5162 .1170 .81 17.4
F E B . 1 1C 51 91 14 1 11.111 77 .9 15 8 .9168 .41 19.0
PAR. 1 22 5! 117 1C8 1 10.551 77 .5 16 0 .9 16 9 ,2 1 16.6
APR. 1 701 1A3 -73 1 13.961 82 .3162 .4172 .31 19.9
PAY. 1 721 171 -98 1 14.861 82 .4163 .9173 .11 18.5
JUNE 1 131 207 -194 1 15.381 85 .6165 .3175 .41 20.3
JU LY 1 51 229 -224 1 16.321 8 5 .3 )6 5 .6 1 7 5 .4 1 19.7
ALG. 1 101 211 -201 1 14.401 8 5 . 6 1 6 6 . 1 1 7 5 . 8| 19.5
S E P . 1 35 1 180 -145 1 1 3 . 50 1 84 .3165 .0174 .61 19.3
CCT. 1 771 1A7 -70 1 12.941 83 .4163 ,0173 .21 2C.4
NCV. 1 21 1A4 -141 1 10.841 81 .7163 .6172 .61 18.1
CEC . 1 571 91 -34 1 9.571 7 9 .0 1 6 0 .5 1 6 9 .3  i 18.5
ANN. 1 77 51 1825 -1050 1153.481 8 2 . 0 1 6 3 . 1 ) 7 2 . 6| 16.9



198
T A B L E  V (CONTIMUEC)

CLIMATOLOGICAL INFORMATION FOR STATION:  OFF ICE
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  , OAHU, HAWAI U

M O N T H R A I N l E V A P O -  
F A L L I R A T  ICN 
MM. U N  MM.

M O I S -  IRADI-  I T E M P E R A T U R E  ( F A H R ENH EI T)  
T U R E  l A T I O N  I MA X . | M I N . I M E A N | M A X - M I N  

D E F I C I T l K G . C A L 1 I I 1
--------I ------- I ------ 1-----1----- I ----------

JAN. 
FEB. 
MAR. 
APR. 
MAY. 
JUNE 
J U L Y  
A LG. 
SEP. 
OCT. 
NCV. 
DEC. 
ANN.

30 21 
571 

2671 
33 8 1 
1721 

71 
221 
451 
401 
201 
131 
821 

13671

E8
120
135
126
151
190
199
190
175
144
123
73

1715

YEAR: 
214 I 9,
-63
132
212

22
•182
•176

10
12,
9

11
11
12,

■145 1 14 
•135 1 13,
125

•110
9

13
11
10

- 3 4 8  1140

1963 
99| 79. 
841 80, 
351 79. 
971 79. 
361 81. 
761 84. 
20 1 8 5. 
031 86, 
711 86. 
04| 84. 
401 83. 
251 80, 
891 82.

2 1 6 0 . 
71 59. 
91 62. 
4164. 
II 63. 
2 165. 
1 1 6 6. 
31 65. 
1165. 
9 I 64. 
31 62. 
2 1 6 1 . 
51 63.

7 169.9 I 
7170.21 
21 71.01
9172.1 1 
1172.11
0174.61 
017 5 . 5  I 
2175.71
2175.61
7174.81 
5172.91
4170.81
4173.01

y e a r : 1964

YEAR: 1965

18.5 
2 1 . 0
17.7
14.5 
18.0 
19.2
19.1 
21. 1 
20.9
2 0 . 2
20.8 
18.8 
19.1

JAN, 11 721 105 1 -3 3 1 9.91 1 7 9 . 6 1 6 2 . 4 1 7 1 . 0 1 17.2
FEB. 11 131 116 1 - 1 0 4 1 9.641 8 0 . 0 1 5 8 . 7 1 6 9 . 3 1 21.3
MAR. 1 1 1701 135 i 35 1 12.151 7 9 . 5 1 6 1 . 8 1 7 0 . 6 1 17.7
APR. 11 271 134 1 - 1 C 7 1 11.001 8 0 . 6 1 6 1 . 9 1 7 1 . 2 1 18.7
MAY. 1I 71 188 1 -1 8 0 1 14.111 8 2 . 0 ) 6 3 . 2 1 7 2 . 6 1 18.8
JUNE 11 21 223 1 - 2 2 0 1 13.67 1 3 5 . 7 1 6 6 . 1 1 7 5 . 9 1 19.6
JL L Y  11 551 221 1 - 1 6 6 1 14.831 8 4 . 9 1 6 7 . 2 1 7 6 . 0 1 17.7
ALG. 11 151 22 6  1 -211 1 15.581 8 5 . 7 1 6 6 . 3 1 7 6 . 0 1 19.4
SEP. 11 71 191 1 - 1 8 4 1 15.441 8 5 . 8 1 6 6 . 1 1 7 5 . 9 1 19.7
CCT. 11 631 138 1 -76 1 12. 90 1 8 2 . 7 1 6 4 . 6 1 7 3 . 6 1 18.1
NOV. 11 851 98 1 -14 1 10.071 8 0 . 2 1 6 6 . 0 1 7 3 . 1 1 14.2
DEC . 11 39 71 77 1 3 20 1 8.531 8 0 . 1 1 6 3 . 8 1 7 1 . 9 1 16.3
ANN. 11 9151 1654 I - 9 3 9 1147.831 8 2 . 2 1 6 4 . 0 1 7 3 . 1 1 18.2

JAN. 1 1321 103 1 29 1 9.931 7 7 . 8 1 6 1 . 9 1 6 9 . 8 1 15.9
FEB. 1 921 ica 1 -16 1 10.491 7 4 . 3 1 5 7 . 6 1 6 6 . 2 1 17.2
MAR. 1 101 132 1 -12 2 1 12.731 7 9 . 2 1 5 7 . 6 ) 6 8 . 4 ) 21.6
APR. 1 1721 115 1 57 1 12.141 80.31 61. 51 70. 91 18.8
MAY. 1 1021 153 1 , -51 1 12.311 8 2 . 7 1 6 4 . 7 ] 7 3 . 7 1 18.0
JUNE 1 51 225 1 -22 0 1 15.981 8 4 . 5 1 6 3 . 9 ) 7 4 . 2 1 20.6
JLLY 1 351 214 1 - 1 7 9 1 14.361 8 5 . 1 1 6 4 . 8 1 7 4 . 9 1 20.3
ALG. 1 551 213 1 -158 1 14.491 8 6 . 4 1 6 4 . 5 175.4) 21 .9
SEP. 1 131 164 1 - 1 5 1 1 14.84) 8 6 . 5 1 6 5 . 2 1 7 5 . 8 1 21-.3
CCT. 1 1771 141 1 36 1 12.391 3 3 . 9 1 6 4 . 2 1 7 4 . 0 1 19.7
NOV. 1 3501 95 1 255 1 9.051 8 0 . 0 1 6 4 . 4 1 7 2 . 2 1 15.6
CEC. 1 1521 1C4 1 49 1 8.351 7 7 . 0 1 6 2 . 3 1 6 9 . 6 1 14.7
ANN. 1 12971 1769 1 -471 1147.581 3 1 . 5 1 6 2 . 7 1 7 2 . 1 1 18.8
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T A B L E  V (CONTINUED)

CLIMATOLOGICAL INFORMATION FOR STAT ION:  OFF IC E
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  ♦OAHU,HAWAI I

MONTH R A IM  EVAPO- 
FALL IRAT ION  
MM. 1 IN MM.

MOIS- IR A D I-  ITEMPERATURE (FAHRENHE IT )  
TURE lAT ION 1 M A X . | M IN . 1 MEAN]MAX-MIN 

D E F IC IT lK G . C A L I  I | |

YEAR: 1966
JA N .  11 251 1C4 -79 1 10.481 78 .1156 .5167 .31 21.6
F E B .  11 160 1 96 64 1 9 .49  1 7 5 .9158 .9167 .41 17.0
MAR. 11 221 149 -126 1 12.191 8 0 .4158 .6169 .51 21.8
APR.  11 ' 2 C I 164 -144 1 13.031 79 .4159 .0169 .21 20 .4
MAY. i 1 201 176 -156 1 15.071 84 .6162 .5173 .51 22.1
JUNE 11 51 224 -219 1 15.961 86 .2166 .9176 .51 19.3
J L L Y  11 82 1 234 -152 1 16.281 86 .1 16 7 .2 17 6 .6 1 18.9
AUG. 11 2C1 218 -199 1 16.181 86 .8166 .9176 .81 19.9
S E P .  11 71 181 -173 1 14.981 87 .2 16 5 .6 17 6 .4 1 21.6
OCT. 11 521 144 -91 1 14.381 85 .2165 .8175 .51 19.4
NOV. 11 2631 105 157 1 12.281 81 .9165 .8173 .81 16.1
DEC. 11 601 95 -35 1 11.481 79 .7 1 6 2 .6 1 7 1 .  11 17.1
ANN. 11 7371 1890 -1153 i 162.30 I 8 2 . 6 1 6 3 . 0 ) 7 2 . 8  I " 19.6

YEAR:  1967
JA N .  I 1 421 89 -46 I 10.841 77 .6 16 0 .1 16 8 .8 1 17.5
F E B .  11 451 100 -55 1 10.801 7 9 .3 )6 1 .3 1 7 0 .3 1 1 8 .C
MAR. 11 210 1 117 93 1 11.671 78 .7163 .3171 .01 15.4
APR.  11 501 142 -92 1 14.001 80 .3162 .1171 .21 18.2
MAY. 11 271 170 -142 1 15.051 8 4 .5165 .5175 .01 1«».0
JUNE  11 221 210 -188 1 16.101 86 .4165 .3175 .81 21.1
JU L Y  11 381 196 -159 1 15.491 85 .6168 .2176 .91 17.4
A LG. 11 751 189 -114 1 14.941 8 6 .0 ]6 8 .6 1 7 7 .3 1 17 .4
S E P .  1i 71 177 -170 1 14.701 87 .5166 .7177 .11 20.8
OCT. 11 271 146 -113 1 13.641 36 .5166 .5176 .51 20.0
NCV. 11 10 71 120 -13 1 10.391 81 .4166 .0173 .71 15.4
CEC. 11 19 71 80 118 1 8.831 79 .0 16 4 .8171 .91 14.2
ANN. 11 3501 1736 -886 1156.451 82 .7164 .9173 .81 17.9

YEAR ;  1968
JA N . 1 2151 99 1 116 1 11 .00 ) 7 8 . 6 l 6 1 . 6 l 7 0 . i l 17.0
F E B . I 801 123 1 -43 1 11.321 79 .7160 .7170 .21 19.0
MAR. 1 1721 100 1 72 1 10.481 77 .9162 .9170 .41 15.0
APR. 1 9C1 139 1 -49 1 13 .44 ! 80 .2164 .2172 .21 16.0
MAY. 1 271 168 1 - 140 1 15.031 83 .8164 .5174 .11 19.3
JUNE 1 51 194 1 -189 1 15.421 86 .1166 .6176 .31 19.5
J L L Y 1 221 2C2 1 -180 1 16.141 88 .4166 .8177 .61 21.6
AUG. 1 21 209 1 -206 1 16.641 89 .1167 .7178 .41 21 .4
S E P . 1 451 174 1 -129 1 14.691 88 .4167 .8178 .11 20.6
CCT. 1 8C1 1^4 1 -64 1 13.171 87 .0167 .9177 .41 19.1
NCV. 1 1201 121 1 -1 1 11.521 85 .0166 .0175 .51 19.0
CEC . 1 23 5 1 123 1 112 1 11.021 80 .6163 .8172 .21 16.8
ANN. 110951 1797 1 -702 1159.871 83 .7165 .0174 .41 18.7
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T A B L E  V (CONTINUED)

CLIMATOLOGICAL INFORMATION FOR STATION:  OFF ICE
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  , OAHU,HAWAI I

M C N T H R A I N l E V A P O -  
F A L L I R A T I O N  
MM. U N  MM.

M O I S -  IRAOI - I T E M P E R A T U R E  (FAH R E N H E I T ) 
T U R E  lA TI ON I M A X . | M I N . I M E A N  IMAX -M IN 

D E F I C I T l K G . C A L I 1 I |

YEAR: 1969
JAN. 11 19 71 144 54 1 10.281 7 5 . 6 1 6 0 . 9 1 6 8 . 2 1 14.7
FEB. 11 1201 114 6 1 9.791 7 7 . 6 1 6 4 . 5 1 7 1 . 0 1 13.1
MAR. 11 .671 143 -76 1 14.031 7 8 . 1 1 6 0 . 3 1 6 9 . 2 1 17.8
APR. 11 271 161 - 1 3 4 1 13.071 7 8 . 6 1 6 3 . 3 1 7 0 . 9 1 15.3
MAY. 11 151 202 -1 8 7 1 16.631 8 3 . 0 1 6 3 . 5 1 7 3 . 3 1 19.5
JLN E 11 101 188 -17 8 1 16.171 8 6 . 1 1 6 5 . 0 1 7 5 . 5 1 21.1
J LLY  11 171 199 -18 1 1 16.991 8 5 . 6 1 6 7 . 5 1 7 6 . 5 1 18.1
AUG. j1 131 2 10 - 1 9 8 1 17.721 8 5 . 8 1 6 6 . 4 1 7 6 . 1 1 19.4
SEP. 11 321 153 - 1 2 0 1 14.141 8 4 . 3 1 6 5 . 7 1 7 5 . 0 1 18.6
CCT. 11 201 155 - 1 3 5 1 12.231 8 5 . 0 1 6 3 . 8 1 7 4 . 4 1 21.2
NCV. 11 83 1 122 -35 1 9.391 8 0 . 9 1 6 4 . 1 1 7 2 . 5 1 16.8
CEC. 11 571 1C3 -45 1 9.881 8 0 . 2 1 6 1 . 5 1 7 0 . 8 1 18.7
ANN. 11 66 51 1895 - 1 2 3 0 1160.371 8 1 . 7 1 6 3 . 9 1 7 2 . 8 1 17.9

Y EA R:  1970
JAN. 11 1651 97 68 1 7.971 7 8 . 5 1 6 1 . 0 1 6 9 . 8 1 17.5
FEB. 11 651 137 -7 2 I 9.841 7 8 . 2 1 5 9 . 0 1 6 8 . 6 1 19.2
MAR. 11 21 168 -166 1 12.481 8 0 . 6 1 5 9 . 9 1 7 0 . 2 1 20.7
APR. 11 421 178 - 1 3 6 1 16.721 8 1 . 1 1 6 3 . 2 1 7 2 . 2 1 17.9
MAY. 11 101 198 - 188 1 15.311 8 4 . 1 1 6 4 . 9 1 7 4 . 5 1 19.2
JLNE 11 21 2C8 - 2 0 6 1 15.311 8 5 . 2 1 6 6 . 0 1 7 5 . 6 1 19.2
JLLY 11 551 2 2 4 - 1 6 9 1 19.181 8 6 . 1 1 6 6 . 5 1 7 6 . 3 1 19.6
ALG. 11 101 232 -222 1 16.001 8 6 . 7 1 6 7 . 7 1 7 7 . 2 1 19.0
SEP. 11 101 1€8 - 1 7 8 1 13.201 8 6 . 4 1 6 6 . 0 1 7 6 . 2 1 20.4
CCT. 11 331 151 -113 1 18.421 8 5 . 1 1 6 6 . 4 1 7 5 . 7 1 18.7
NOV. 11 ICC 1 97 3 1 8.761 8 1 . 7 1 6 4 . 3 1 7 3 . 0 1 17.4
CEC. 11 421 111 - 6 9 1 11.151 7 8 . 9 1 6 4 . 2 1 7 1 . 5 1 14.7
ANN. 11 54 21 1990 - 1 4 4 7 1164.361 8 2 . 7 1 6 4 . 1 1 7 3 . 4 1 18.6
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T A B L E  V

CLIMATOLGGICAL INFORMATION FOR STATION:  OPAEULA
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  »OAHU»HAWAII

M CN TH R A I M  6V AF0-  
F A L L I R A T  ION 
MM. 1 IN MM.

M O I S -  I R A D I -  I T E M P E R A T U R E  ( F A H R ENHEIT ) 
TUR E  lA TION 1 M A X . | M I N . I M E A N  1M A X - M I N  

D E F I C I T I K G . C A L l  I I I

JAN.
FEB.
MAR.
APR.
MAY,
JUNE
JLLY
AUG.
SEP.
OCT.
NOV.
CEO.
ANN.

651 
lOCl 
IICI 
451 
89 1 
451 
471 
471 
60 I 
971 
951 

1 0 0 1  
9C Q 1

78
ICO
111
122
142 
161 
173 
163
143 
111
85
69

1459

YEAR: 
-13 1 10.

0
-1

- 77
- 5 4
•117
-126
-116
-8 4

9.
11.
12.
13. 
15.
14.
15. 
14.

-13 ! 12.
10
31

12.
9,

- 5 5 9  1151.

1960 
081 75. 
061 75. 
561 75. 
29| 75. 
831 78. 
051 80. 
711 80. 
Ill 81. 
911 80. 
351 80. 
351 76. 
881 76. 
19 1 78.

51 62, 
1161. 
21 62. 
2164.
5 1 66, 
3168, 
51 69, 
41 69, 
81 68, 
5168,
6 I 66. 
51 63, 
0 |66,

5169.01
6168.31
3168.71
8170.01
9172.71 
2174.21
1174.81 
5175.41
8174.81
0174.31 
7171.61 
4169.91
0172.01

YEAR: 1961

YEAR: 1962

13.0
13.5
12.9
10.4
11.6
12.1
11.4
11.9 
12.0
12.5 
9.9

13.1
12 . 0

JAN. 1 I 1071 76 1 31 1 11.071 7 5 . 7 1 6 2 . 0 1 6 8 . 8 1 13.7
F E B .  11 10 51 80 1 25 1 9.351 7 5 . 4 1 6 5 . 5 1 7 0 . 4 1 9.9
M A R . 11 701 113 1 -43 1 13.181 7 8 . 0 1 6 4 . 2 1 7 1 . 1 1 13.8
APR. 1 1 451 123 1 -79 1 13.651 7 7 . 6 1 6 4 . 6 1 7 1 . 1 1 13.0
MAY. 1 1 1001 175 1 -75 1 15.141 7 9 . 0 1 6 7 . 7 1 7 3 . 3 1 11.3
J UN E 1 1 721 148 1 -76 1 15.181 7 9 . 1 1 6 8 . 4 1 7 3 . 7 1 10.7
JULY 11 601 187 1 -127 1 15.641 8 1 . 1 1 6 8 . 3 1 7 4 . 7 1 12.8
A U G . 11 351 192 1 - 1 5 7 1 16.011 8 1 . 3 ) 6 9 . 4 1 7 5 . 3 1 11.9
SEP. I1 501 147 1 -97 1 16.431 8 2 . 2 1 6 8 . 2 1 7 5 . 2 1 14.0
OCT. 11 801 104 1 -24 1 11.971 8 0 . 5 1 6 9 . 0 1 7 4 . 8 1 11.5
NOV. 11 1381 85 1 52 1 10.151 7 6 . 4 1 6 6 . 7 1 7 1 . 5 1 9.7
CEO.  1 i 1151 83 1 32 1 9.631 7 6 . 5 1 6 5 . 0 1 7 0 . 8 1 11.5
ANN. 11 9771 1514 1 - 5 3 7 1157.891 7 8 . 6 1 6 6 . 6 1 7 2 . 6 1 12.0

JAN. I 1 971 80 1 18 1 9.021 7 7 . 9 1 6 4 . 3 1 7 1 . II 13.6
FEB. 11 i i c i 90 1 20 1 9.181 7 6 . 1 1 6 1 . 6 1 6 8 . 8 1 14.5
MAR. 11 2821 118 1 164 1 9.281 7 5 . L l 6 3 . 6 l 6 9 . 3 l 11.5
APR, 11 771 119 1 -41 1 12.291 7 8 . 9 1 6 5 . 5 1 7 2 . 2 1 13.4
MAY. 1 1 551 127 1 - 7 3 1 12.101 7 9 . 2 1 6 6 . 7 1 7 2 . 9 1 12.5
JUNE 11 501 152 1 -102 1 12.721 8 2 . 0 1 6 7 . 7 1 7 4 . 8 1 14.3
JU LY 1 1 151 189 1 - 1 7 4 1 14.841 8 1 . 1 1 6 9 . 4 1 7 5 . 2 1 11.7
AUG. 11 301 180 1 - 1 5 0 1 14.301 3 2 . 0 1 6 9 . 6 1 7 5 . 3 1 12.4
SEP. 1 1 321 157 1 -125 1 13.921 8 1 . 2 1 6 9 . 3 1 7 5 . 2 1 11 .9
OCT. 11 1C 0 j 137 1 -3 7 I 12.541 8 1 . 6 1 6 7 . 4 1 7 4 . 5 1 14.2
NOV. 1 1 101 126 1 - 116 1 11.211 7 9 . 3 1 6 8 . 1 1 7 3 . 7 1 11.2
CEO. 1 1 751 87 1 -12 1 9.761 7 6 . 7 1 6 3 . 0 1 6 9 . 8 1 13.7
ANN . 1 1 9351 1563 1 - 6 2 8 1141.161 7 9 . 3 1 6 6 . 3 1 7 2 . 8 1 12.9
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T A B L E  V (CONTINUED)

CLIMATQLCGICAL INFORMATION FOR STATION:  OPAEULA
LQCATEC IN "WAIALUA SUGAR COMPANY I N C . "  , OAHU,HAWAI I

M CN TH R A I N l E V A P Q -  
F A L L l R A T  ICN 
MM. U N  MM,

M O I S -  I R A D I -  I T E M P E R A T U R E  (F AHRENH EI T) 
T U R E  lATION  1 M A X . |MIN.I MEAN  IMAX- M I N  

D E F I C I T I K G . C A L I  i 1 1--------- 1-------- 1-------I----- j----- I-----------

JAN.
FEB.
MAR.
APR.
MAY.
JUNE
JULY
AUG.
SEP.
CCT.
NCV.
CEC.
ANN.

3071 
771 

242 1 
41C1 
1131 
351 
551 
131 
671 
421 
271 
901 

16801

YEAR;
92

132
139
115
154
163
182
183
166
139
119

54
1641

215 1 
-55 1 
103 1 
295 I 
-42 1 

-128 1 
-127 1 
-171 I 
-99 1 
-97 I 
-91 I 

36 I

9 .
10.
11.

9,
11.
10.
11.
13.
12.
12.
11.

9.
-161 1135.

1963 
971 77. 
121 78. 
691 78. 
451 77. 
811 78. 
481 80. 
86 1 81. 
811 83. 
611 82. 
401 80. 
381 80. 
811 78. 
671 79.

01 62. 
91 63. 
01 6 6. 
71 67. 
61 66. 
7168. 
81 70. 
61 70. 
2170. 
61 68. 
01 66. 
3 I 66. 
71 66.

5169.81 
2171.01
8171.61
5172.61 
7172.51 
7174.71 
1175.91
3176.81
2176.21 
5174.41
4173.21
2171.21 
9173.31

YEAR: 1964

YEAR: 1965

14.5
15.7
13.2
10 . 2
11.7 
1 2 . 0
11.7 
13. 1 
12 . 0  
11.9
13.6 
14.1
1 2 . 8

JAN. 1 13G1 ICO 1 30 1 9.711 7 7 . 0 1 6 5 . 7 1 7 1 . 3 1 11.3
FEB. 1 551 116 1 -61 1 9.481 7 6 . 0 1 6 4 . 2 1 7 0 . 1 1 11.8
MAR. 1 1271 129 1 -2 1 11.501 7 6 . 7 1 5 5 . 1 1 7 0 . 9 1 11 .6
APR. 1 671 123 1 -6 5 1 10.481 7 8 . 4 1 6 7 . 0 1 7 2 . 7 1 11,4
MAY. 1 171 154 1 -1 3 7 1 13.331 7 8 . 5 1 6 6 . 8 1 7 2 . 6 1 11.7
JUNE 1 201 168 1 -1 4 8 1 11.831 8 1 . 5 1 6 9 . 1 1 7 5 . 3 1 12.4
JLLY 1 551 178 1 - 123 1 13,961 8 1 . 5 1 7 1 . 0 1 7 6 . 3 1 10.5
AUG. 1 471 197 1 -149 1 14.811 8 2 . 7 1 7 0 . 7 1 7 6 . 7 1 12.0
SEP. 1 4CI 158 1 - 1 1 8 1 14.241 8 3 . 0 1 7 0 . 7 1 7 6 . 8 1 12.3
CCT. 1 521 139 1 -07 1 12.561 8 0 . 2 1 6 9 . 1 1 7 4 . 6 1 11. 1
NOV. 1 142 1 1C9 1 33 1 9.441 7 8 . 8 1 6 8 . 8 1 7 3 . 8 1 10.0
CEC. 1 39 51 70 1 325 1 8.151 7 8 . 9 1 6 8 . 6 1 7 3 . 7 1 10.3
ANN. 1 11501 1652 1 - 502 1139.541 7 9 , 4 1 6 8 . 1 1 7 3 . 7 1 11.4

JAN. 1 1401 113 1 27 1 9.301 7 7 . 6 1 6 5 . 0 1 7 1 . 3 1 12.6
FEB. 1 1671 118 1 50 1 10.111 7 3 . 8 1 6 1 . 5 1 6 7 . 6 1 12.3
MAR . 1 251 128 1 - 1 0 3 1 12.351 7 7 . 8 1 6 2 . 5 1 7 0 . 1 1 15.3
APR. 1 1851 113 1 72 1 11.211 7 8 . 8 1 6 6 . 2 1 7 2 . 5 1 12.6
MAY. 1 2171 169 1 49 1 11.051 8 1 . 4 1 6 8 . 4 1 7 4 . 9 1 13.0
JUNE 1 201 189 1 - 1 6 9 1 14.281 8 1 . 2 1 6 9 . 2 1 7 5 . 2 1 12.0
JULY 1 831 189 1 -101 1 14.161 3 1 . 7 1 6 8 . 9 1 7 5 . 3 1 12.8
A LG. 1 50 1 20 9  1 -159 1 13.351 3 2 . 6 1 6 9 . 5 1 7 6 . 0 1 13.1
SEP. 1 421 136 1 -94 1 13.961 8 4 . 8 1 7 0 . 0 1 7 7 . 4 1 14,8
CCT. 1 2C2 1 139 1 63 1 11.401 8 1.7 1 6 8 . 6 1 7 5 .  1 1 13. 1
NOV. 1 3971 115 1 2 82 1 8.941 7 9 , 3 1 6 8 . 8 1 7 4 . 0 1 10.5
CEC. 1 2131 117 1 95 1 8.471 7 5 . 7 1 6 5 . 1 1 7 0 . 4 1 10.6
ANN. 1 17471 1735 1 12 1138.581 7 9 . 7 1 6 7 . 0 1 7 3 . 3 1 12.7
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T A B L E  V (CONTINUED)

CL IMATOLCGICAL INFORMATION FOR STATION:  OPAEULA
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  tOAHU,HAWAI I

M C N T H R A I N I E V A F O -  
FALLI R A T I O N  
MM. 1 IN MM.

M O I S -  IR A D I -  I T E M P E R A T U R E  (FA H R E N H E I T ) 
T U R E  lA TION | M A X . 1 MIN.I M E A N ) M A X - M I N  

D E F I C I T ! K G . C A L I  j 1 j-------1------ 1----- ,---- I---- ,--------

YEAR: 1966
JAN. 1 451 99 1 -5 5 1 10.041 7 6 . 8 1 6 2 . 9 1 6 9 . 8 1 13.9
FEB. 1 1651 97 1 68 1 9.291 7 5 . 6 1 6 3 . 2 1 6 9 . 4 1 12.4
MAR. 1 30! 134 1 - 1 0 4 1 11.511 7 9 . 1 1 6 4 . 3 1 7 1 . 7 1 14.8
APR. 1 421 147 1 -1 05 1 11.941 7 7 . 1 1 6 3 . 7 1 7 0 . 4 1 13.4
MAY. 1 501 157 1 - 1 0 7 1 14.301 8 2 . 4 1 6 7 . 6 1 7 5 . 0 1 14.8
JUNE 1 351 162 1 - 1 4 7 1 15.171 8 2 . 7 1 7 1 . 3 1 7 7 . 0 1 11.4
J ULY 1 140 1 187 1 -47 1 15.131 8 2 . 6 ) 7 1 . 5 1 7 7 . 0 1 11.1
ALG. 1 451 2 1 4  1 - 1 7 0 1 15.701 8 3 . 4 1 7 1 . 9 ) 7 7 . 6 1 11.5
SEP. 1 201 157 1 - 1 3 7 1 13.971 84. 81 70.81 77.31 14.0
CCT. 1 1571 124 1 33 1 14.191 8 3 . 1 1 7 0 . 6 1 7 6 . 8 1 12.5
NCV. 1 3101 111 1 199 1 11.601 8 1 . 6 1 6 9 . 3 1 7 5 . 4 1 12.3
CEC. 1 1351 97 1 38 1 10.261 7 8 . 2 1 6 7 . 3 1 7 2 . 7 1 10.9
ANN. 111751 17C9 1 -5 34 1153.091 8 0 . 6 1 6 7 . 9 1 7 4 . 2 1 12.8

YEAR: 1967
JAN. 1 651 93 1 -28 1 9.66! 7 7 . 0 1 6 4 . 7 1 7 0 . 8 1 12.3
FEB. 1 951 98 1 -3 1 9.811 7 8 . 4 ] 6 6 . 0 1 7 2 . 2 1 12.4
MAR. 1 2 1 5  1 106 1 109 1 10.871 7 8 . 5 1 6 6 . 7 1 7 2 . 6 1 11.8
APR. 1 1101 123 1 -13 1 12.871 7 8 . 9 1 6 5 . 7 1 7 2 . 3 1 13.2
MAY. 1 551 140 1 -85 1 13.821 8 3 . 0 1 6 9 . 4 1 7 6 . 2 1 13.6
JU NE 1 251 167 1 - 14 2 1 14.901 8 4 . 8 1 6 9 . 7 1 7 7 . 2 1 15. 1
J U L Y 1 1301 179 1 - 4 9 I 13.811 8 4 . 1 1 7 2 . 2 1 7 8 .  1 1 11 .9
AUG. 1 1101 177 1 -67 1 13.731 8 3 . 9 1 7 2 . 9 1 7 8 . 4 1 11.0
SEP. 1 271 158 1 -1 3 0 1 12.951 8 5 . 7 1 7 2 . 0 1 7 8 . 8 1 13.7
CCT. 1 451 132 1 -8 7 1 12.241 8 5 . 8 1 7 2 . 1 1 7 8 . 9 1 13.7
NOV. 1 1521 116 1 37 1 9.941 8 1 . 0 1 7 1 . 2 1 7 6 . 1 1 9.3
CEC. 1 26 5 1 100 1 164 1 7.991 7 8 . 6 1 6 7 . 0 1 7 2 . 8 1 11.6
ANN. 1 12951 15 90 1 -2 95 1142.591 8 1 . 6 1 6 9 . 1 1 7 5 . 4 ) 12.5

YEAR: 1968
JAN. 1 2251 99 1 126 1 10.341 7 9 . 2 1 6 5 . 2 ) 7 2 . 2 1 14.0
FEB. I 971 106 1 -9 1 10.141 3 1 . 1 1 6 6 . 1 1 7 3 . 6 ) 15 .C
MAR. 1 3571 136 1 222 1 10.091 7 8 . 6 1 6 8 . 4 1 7 3 . 5 1 10.2
APR. 1 1451 151 1 -7 1 12.281 8 1 . 5 1 6 9 . 3 1 7 5 . 4 1 12.2
MAY . 1 221 162 1 - 1 4 0 1 13.941 8 3 . 5 1 6 9 . 7 1 7 6 . 6 1 13.3
JLNE 1 301 186 1 - 1 5 6 1 14.351 8 5 . 2 1 7 2 . 7 1 7 3 . 9 1 12. 5
J U L Y 1 571 193 1 - 13 6 1 15.261 8 7 . 9 1 7 3 . 6 1 8 0 . 7 1 14.3
AUG. 1 201 198 1 - 1 7 9 1 15.831 8 7 . 4 1 7 3 . 9 1 8 0 . 6 1 13.5
SEP. 1 82 1 175 1 -93 1 13.801 8 7 . 0 1 7 3 . 1 1 8 0 . 0 1 13.9
OCT. 1 10 71 138 1 -30 1 12.331 8 7 . 4 1 7 2 . 4 ) 7 9 . 9 1 15.0
NOV. 1 1951 118 1 77 1 11.331 8 A . 3 I 70 .11 77.21 14.2
CEC. 1 33 2 1 99 1 2 34 1 10.481 8 0 . 4 1 6 7 . 7 1 7 4 . 0 1 12.7
ANN. 1 167 21 1762 i -9 0 1150.171 8 3 . 6 1 7 0 . 2 1 7 6 . 9 1 13.4
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T A B L E  V (CONTINUED)

CLIMATOLOGICAL INFORMATION FOR STATION:  OPAEULA
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  »OAHU,HAWAI I

M C N T H RAINi EVAP O-  
F A L L l R A T I C N  
MM. U N  MM. 
 1--------

M O I S -  I R A D I -  I T E M P E R A T U R E  (F A H R E N H E I T )  
T U R E  lA TI ON 1 M A X . I M I N . I M E A N  IMAX-MI N  

D E F I C I T l K G . C A L I  1 1 1-------1------ 1----- 1---- j---- I--------

JAN.
FEB.
MAR.
APR.
J^AY.
J LN E
JU L Y
ALG.
S E P .
OCT.
NCV.
CEC.
ANN.

2801 
24 51 
.851 
571 
381 
301 
751 
301 
471 
421 

1151 
1221 

11671

1C9
1C4
148 
142 
157 
166 
174 
195
149 
140 
105 
ICO

1690

YEAR: 
171 1 10.
141
-64
-8 5

•120
-136
-99

9.
14. 
12.
15. 
15. 
15.

■165 1 16. 
•101 1 13.
- 9 7

10
22

12.
10.
10.

- 5 2 3  1156.

1969 
071 77. 
591 71. 
251 72. 
481 73. 
631 78. 
171 82. 
771 80. 
94i 81. 
311 80. 
571 82. 
351 80. 
641 77. 
771 78.

0165. 
3163. 
61 59. 
41 52. 
81 62. 
2 I 64. 
7168. 
8 I 69. 
41 69. 
21 66. 
11 6 6 . 
3163. 
21 65.

3171.11
1167.41
7 1 6 6 . 11
2167.81
1 1 70.41
6173.41
9174.81
9175.81
3174.81
7174.41 
5173.31 
8170.51 
2171.71

YEAR: 1970

11.7 
8.7

12.9 
1 1 . 2
16.7 
17.6
1 1 . 8
11.9 
1 1 . 1
15.5
13.6 
13.5 
13.0

JAN. 11 1851 126 1 59 1 8.511 7 9 . 1 1 6 1 . 5 1 7 0 . 3 1 17.6
FEB. 11 701 124 1 - 5 4 1 11.371 7 5 . 9 1 5 7 . 9 1 6 6 . 9 1 18.0
MAR. 11 131 158 1 - 14 6 1 14.401 7 7 . 5 1 5 9 . 7 1 6 8 . 6 1 17.8
APR. 11 801 156 j -76 1 19.221 77.11 6 2 . 5|69.’8| 14.6
MAY. 11 301 159 1 - 12 9 1 16.401 7 9 . 9 1 6 4 . 7 1 7 2 . 3 1 15.2
J UNE  11 271 169 1 -1 42 1 17.121 8 0 . 1 1 6 5 . 4 1 7 2 . 7 1 14.7
J L L Y  11 205 1 199 1 6 1 17.801 8 0 . 7 1 6 5 . 5 1 7 3 . 1 1 15.2
ALG. 11 30 1 197 1 -1 6 7 1 15.301 8 1 . 5 1 6 7 . 6 1 7 4 . 5 1 13.9
SEP. 11 351 163 1 -1 2 8 1 12.421 8 1 . 7 1 6 5 . 0 1 7 3 . 3 1 16.7
CCT. 11 471 130 1 -82 I 18.921 7 9 . 9 1 6 5 . 6 1 7 2 . 7 1 14.3
N OV. I1 120 1 69 1 30 1 9.661 7 7 . 2 1 6 3 . 1 1 7 0 . 1 j 14.1
CEC. 11 1C 21 117 1 -15 1 12.021 7 6 . 0 1 6 3 . 0 1 6 9 . 5 1 13.0
ANN. 11 9721 1768 1 - 7 9 5 1173.141 7 8 . 6 1 6 3 . 3 1 7 0 . 9 1 15.3
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T A B L E  V

CLIMATOLCGICAL INFORMATIGN f o r  s t a t i o n : WAIMEA
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  , OAHU,HAWAI I

M CNT H RAI N
FALL
MM.

E V A P O ­
R A T I O N  
IN MM.

M O I S -  IRADI- I T E M P E R A T U R E  (FA H R E N H E I T ) 
T UR E  lA TI ON I M A X . J M I N . 1M E A N i M A X - M I N  

D E F I C I T l K G . C A L l  1 | 1
--------------1------------ I ---------- 1-------- I -------- , -----------------

JAN.
FEB.
MAR.
APR.
MAY.
JUNE
JLLY
AUG.
SEP.
OCT.
NCV.
DEC.
ANN.

65 
88 

172 
i0 5 
82 
80 
38 
95 
75 

110  
107 
ICO 

1117

116
113
134
154
186
195
223
215
186
134
138
102

1897

YEAR: 
- 5 2  1 11
-25
39

-49
■104

9
12
13
15

■116 I 15 
■185 I 15 
■120 I 16 
•111 I 16
-24
-30

-2

13
13
10

-78 0  1163

1960 
.191 79. 
.891 79. 
.411 78. 
.201 79. 
.341 83. 
.761 84. 
.801 86. 
.041 86. 
.091 85. 
.951 82. 
.451 77. 
.71) 76. 
.841 81.

61 62. 
2 1 65, 
6163. 
8165. 
3166. 
91 68. 
II 70, 
1 170. 
61 70. 
61 67. 
61 67, 
0165. 
61 66 .

71 71.11
8172.51 
4 171 .01
41 72.61
0174.61
4176.61
5178.31
21 78.11 
0)77.81 
9175.21 
5172.5)
1170.51
9174.31

YEAR: 1961

YEAR: 1962

16.9
13.4
15.2
14.4
17.3
16.5
15.6
15.9
1 5.6
14.7 
1 0 . 1
10.9
14.7

JAN. 1 1221 121 I 2 1 12.331 7 5 . 5 1 6 7 . 0 1 7 1 . 3 1 8. 5
FEB. 1 1321 127 1 5 1 10.691 7 5 . 6 1 6 6 . 4 1 7 1 . 0 1 9.2
MAR. 1 671 159 i -92 1 14.651 7 8 . 2 1 6 6 . 6 1 7 2 . 4 1 11.6
APR. 1 951 167 1 -73 1 14.541 7 8 . 4 1 6 9 . 6 1 7 4 . 0 1 8.8
MAY. 1 i i c i 209 1 -9 9 1 1 5 . CO) 8 0 . 3 ) 7 2 . 1 1 7 6 . 2 1 8.2
JLNE 1 971 192 1 -95 1 15.161 3 0 . 8 1 7 2 . 9 1 7 6 . 8 1 7. 9
JL LY I 881 22 7 1 -14 0 1 15.631 8 2 . 9 1 7 4 . 2 1 7 8 . 5 1 8.7
AUG. 1 921 224 1 - 131 1 14.771 8 3 . 3 1 7 5 . 2 1 7 9 . 2 1 8.1
SEP. 1 55 1 182 1 - 1 2 7 1 15.631 8 4 . 0 1 7 4 . 7 1 7 9 . 3 1 9.3
OCT. I 851 129 1 -4 4 1 11.131 3 2 . 7 1 7 2 . 4 1 7 7 . 5 1 10.3
NOV. 1 16 51 105 1 60 1 10.011 7 8 . 7 1 6 9 . 5 1 7 4 . 1 1 9.2
DEC. 1 97 1 111 1 -14 1 10.341 7 8 . 2 1 6 6 . 0 1 7 2 . 1 1 12.2
ANN. 1 12071 1955 1 - 7 4 7 1159.881 7 9 . 9 1 7 0 . 5 1 7 5 . 2 1 9.3

JAN. I 77 1 112 1 -35 1 9.281 7 8 . 0 1 6 5 . 8 1 7 1 . 9 1 12.2
FEB. 1 1321 116 1 16 1 9.851 7 6 . 2 1 6 7 . 7 1 7 1 . 9 1 8.5
MAR. 1 3501 152 1 198 1 9.951 7 5 . 8 1 6 7 . 0 1 7 1 . 4 1 8.8
APR. 1 971 159 1 -62 1 12.661 7 9 . 5 1 6 7 . 9 1 7 3 . 7 1 11.6
MAY. 1 IIOI 155 1 -^5 1 12.901 7 9 . 7 1 7 1 . 0 1 7 5 . 3 1 8.7
JUNE 1 47 1 197 1 -15C 1 13.411 8 1 . 7 1 7 1 . 3 1 7 6 . 5 1 10.4
JULY 1 551 211 1 -1 5 6 1 14.471 8 1 . 3 1 7 1 . 6 1 7 6 . 4 1 9.7
ALG. I 70 1 187 1 - 1 1 7 1 14.371 8 2 . 1 1 7 2 . 9 1 7 7 . 5 1 9.2
SEP. 1 571 194 1 -137 1 13.431 8 1 . 7 1 7 1 . 4 1 7 6 . 5  I 10.3
OCT. 1 921 170 1 -77 1 12.231 8 0 . 5 1 7 2 . 3 1 7 6 . 4 1 8.2
NCV. 1 15 1 174 1 -159 1 11.091 8 0 . 0 1 7 0 . 3 1 7 5 . 1 1 9. 7
CEC. 1 55 1 132 1 -77 1 10.19) 7 6 . 1 1 6 9 . 5 1 7 2 . 8 1 6 .6
ANN. 1 11601 1960 1 - 8 0 0 1143.841 7 9 . 4 1 6 9 . 9 1 7 4 . 6 1 9.5
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T A B L E  V (CONTINUED)
CLIMATOLOGICAL INFORMATION FOR STATION:  WAIMEA

LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  ,OAHU,HAWAI I

M C N T H R A I N l 6 V A P 0 -  
F A L L I R A T I Q N  
MM. 1 IN m m . 
 1-------

M O I S -  iR A D I -  I T E M P E R A T U R E  (F AH RENHEI T)  
T U R E  lA T I O N  1 M A X . I M I N . |MEAN IMAX - M I N  

D E F I C I T l K G . C A L l  I | |

JAN.
FEB.
MAR,
APR.
MAY.
JLNE
J LLY
ALG.
SEP.
CCT.
NOV.
CEC.
ANN.

263] 
471 

2151 
46 31 
2251 
671 
971 
251 
801 
651 
501 
951 

16921

1C6 
144 
140 
123 
146 
170 
180 
184 
159 
137 
115 
58 

16 6 3

YEAR: 
156 I 9.
-9 6
75

339
79

10.
1 1.
9.

II.
-102 1 1 0. 
-8 3 1 12.
■159 I 
-7 9  I 
-7 2  1 
-6 5 I 
37 I

14.
13.
1 2.
1 1.
9.

29 1138.

1963 
951 76. 
041 77. 
231 77. 
811 77. 
901 78. 
221 79. 
221 80. 
671 81. 
201 81. 
971 80. 
871 80. 
931 78. 
Oil 79.

1 168. 
71 66. 
21 66. 
41 68. 
0169. 
8170. 
01 72. 
61 73. 
3173. 
6171. 
01 71. 
1 1 6 8. 
01 70.

6172.31 
7172.21
7171.91 
4 1 7 2 . 9  1
9173.91
8175.31
6176.31
0177.31
4177.31
0175.81
71 75.81
5173.31 
1174.51

YE AR:  1964

YEAR: 1965

7.5 
1 1 . 0  
10.5
9.0
8.1 
9.0 
7 . 4
8.6
7.9
9.6 
8.3
9.6
8.9

JAN. 1 1521 89 1 63 1 9.771 7 7 . 2 1 6 6 . 7 1 7 1 . 9 1 10.5
FEB. 1 651 106 1 -41 1 9.511 7 6 . 0 1 6 7 . 2 1 7 1 . 6 1 8.8
MAR. 1 1451 135 1 10 1 11.981 7 6 . 9 1 6 8 . 3 1 7 2 . 6 1 8.6
APR. 1 521 137 1 -8 5 1 10.991 7 7 . 7 1 7 0 . 1 1 7 3 . 9 1 7.6
MAY. 1 421 164 1 - 122 1 13.541 7 8 . 1 1 6 9 . 7 1 7 3 . 9 1 8.4
JUNE 1 551 168 1 - 1 1 4 1 12.591 8 0 . 9 1 7 1 . 6 1 7 6 . 2 1 9,3
J ULY 1 821 172 1 -90 1 14.111 3 0 . 4 1 7 3 . 0 1 7 6 . 7 1 7.4
ALG. 1 801 20 4 1 - 1 2 4 1 15.011 8 4 . 0 1 7 3 . 5 1 7 8 . 8 1 10.5
SEP. 1 521 199 1 - 1 4 7 1 14.251 8 6 . 4 1 7 3 . 9 1 8 0 . 1 1 12.5
CCT. 1 651 156 1 -91 1 12.311 8 2 . 0 1 7 3 . 4 1 7 7 . 7 1 8.6
NOV. 1 1451 112 1 33 1 9.831 7 8 . 9 1 7 1 . 5 1 7 5 , 2 1 7.4
CEC. 1 4131 79 1 334 1 9.301 7 6 . 5 1 6 8 . 2 1 7 2 . 3 1 8.3
ANN. 113501 1722 1 -3 7 2 1143.691 7 9 . 6 1 7 0 . 6 1 7 5 . 1 1 9.0

JAN. 1 901 106 1 -1 6 1 9.731 7 4 . 1 1 6 9 . 8 1 7 1 . 9 1 4.3
FEB. 1 132! 120 1 12 1 10.451 7 2 . 3 1 6 9 . 4 1 7 0 . 8 1 2.9
MAR. 1 171 141 1 - 1 2 3 1 12.701 7 6 . 5 1 6 9 . 7 1 7 3 . 1 1 6.8
APR. 1 2171 119 i 99 1 12.001 7 6 . 6 1 7 0 . 6 1 7 3 . 6 1 6.0
MAY. 1 1771 157 1 21 1 11.541 7 5 . 9 1 7 0 . 9 1 7 3 . 4 1 5.0
JUNE 1 501 176 1 - 1 2 6 1 12.731 7 3 . 5 1 7 2 * 4 1 7 2 . 9 1 1.1
J LLY 1 1021 189 1 -87 1 13.021 7 3 . 8 1 7 3 . 4 1 7 3 . 6 1 0.4
AUG. 1 8C1 179 1 -99 1 14.441 8 1 . 7 1 7 1 . 2 1 7 6 . 4 1 10.5
SEP. 1 3C| 142 1 - 1 1 2 1 14.631 8 2 . 8 1 7 3 . 7 1 7 8 . 2 1 9.1
CCT. 1 1921 133 1 60 1 12.341 7 9 . 2 1 7 0 . 5 1 7 4 . 8 1 8.7
NCV. 1 4551 89 1 366 1 9.211 7 6 . 7 1 6 8 . 9 1 7 2 . 8 1 7.8
CEC. 1 1851 90 1 95 1 8.661 7 3 . 7 1 6 9 . 1 1 7 1 . 8 1 4,6
ANN. 1 17271 16A1 1 86 1141.251 7 6 . 4 1 7 0 . 6 1 7 3 . 5 1 5.8
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T A B L E  V (CONTINUED)
CLIMATOLCGICAL INFORMATION FOR STATION:  WAIMEA

LCCATEC IN "WAIALUA SUGAR COMPANY I N C . "  , OAHU,HAWAI I

M C N T H PAIN
FALL
MM.

EVAPO­
RATION 
IN MM.

MOIS- IR A D I-  ITEMPERATURE (FAH REN H E IT )  
TURE lAT ION 1 MAX. 1 MIN .1 MEAN IMAX-MIN 

D E F I C I T l K G . CAL I I I I 1 1 1 1 1--------

JAN. 
F E B .  
MAR. 
APR. 
MAY. 
JUNE 
J L L Y  
A LG. 
S E P .  
CCT. 
NOV. 
CEC. 
ANN .

52 
177 
27 
4C 
40 
63 

230 
63 
32 

142 
32 2 
120 

1310

98
92

140
144
152
161
194
235
199
166
122
94

1799

-45 I 
86 I 

•113 I 
-104 1 
•112 I 
-99 I 

36 I 
•173 1 
-167 1 
-24 1 
200 1 

26 I

YEAR:
I 9

9
11
12
14
15 
15 
15
14
15 
12 
11

-489 1156

1966 
.781 74. 
.121 73. 
.481 77. 
.061 76 .  
.701 81. 
.181 30. 
.161 80. 
.791 81. 
.781 32. 
. I l l  30. 
.221 77. 
.071 74. 
.471 78.

8| 61. 
9| 59, 
61 60, 
5 I 63, 
1161. 
6161, 
5 161. 
9| 69. 
8 I 66, 
2 I 65. 
71 65, 
71 62, 
51 63.

7 !68 .21
6166.71 
3 I 6 8 . 91 
0 !69 .81  
9171.51 
3170.91 
2 1 70 . 8 1 
0175.41
7174.71
0172.61
6171.61
8168.71 
2170.81

YEAR: 1967

YEAR;  1968

13.1
14.3
17.3 
13.5
19.2 
19. 3
19.3 
12 .9  
16.1
15.2 
12 .1  
11 .9
15.3

JAN. 1 881 91 1 -3 I 10.601 7 4 . 1 1 6 0 . 2 1 6 7 . 1 1 13.9
FEB. 1 88 1 95 1 -7 1 10.83] 7 5 . 3 1 5 9 .  7167.51 15.6
MAR. 1 2101 1C8 1 102 1 11.811 7 4 . 6 1 6 0 . 7 1 6 7 . 6 1 13.9
APR. 1 901 129 1 -39 1 13.931 8 0 . 3 1 6 8 . 5 1 7 4 . 4 1 11.8
MAY. 1 521 1A6 I -93 1 15.011 3 1 . 4 1 6 4 . 0 1 7 2 . 7 1 17.4
JUNE 1 401 162 1 -122 1 15.641 8 3 . 0 1 6 7 . 7 1 7 5 . 3 1 15.3
JLLY 1 83 1 160 1 -73 1 15.011 8 1 . 2 1 6 7 . 8 1 7 4 . 5 1 13.4
AUG. 1 971 151 1 -53 1 14.241 8 1 . 2 1 6 8 . 8 1 7 5 . 0 1 12.4
SEP. 1 651 145 1 -81 1 13.141 8 2 . 9 1 6 8 . 8 1 7 5 . 8 1 14.1
GCT. 1 651 127 1 -62 1 12.741 8 2 . 9 1 6 3 . 5 1 7 5 . 7 1 14.4
NOV. 1 1671 100 1 68 1 9.241 7 8 . 3 1 6 6 . 2 1 7 2 . 2 1 12.1
CEC. I 22 01 88 1 132 1 8.211 7 7 . 1 1 6 3 . 4 1 7 0 . 2 1 13.7
ANN. 1 12701 1501 1 - 23 1 1150.401 7 9 . 4 1 6 5 . 4 1 7 2 . 4 1 14.0

JAN. 1 19C1 110 1 80 1 10.671 7 8 . 3 1 6 1 . 3 1 6 9 . 8 1 17.0
FEB. 1 901 128 1 - 39 1 9.951 7 9 . 9 1 6 2 . 7 1 7 1 . 3 1 17.2
MAR. 1 375 1 136 1 239 1 9.36] 7 5 . 6 1 6 7 . 9 1 7 1 . 7 1 7.7
APR. 1 177 1 129 1 3Q 1 12.071 8 0 . 1 1 6 2 . 8 1 7 1 . 4 1 17.3
MAY. 1 251 151 I -126 1 14.401 8 1 . 9 1 6 6 . 9 1 7 4 . 4 1 15.0
JLNE 1 55 1 179 1 - 1 2 4 1 14.641 8 2 . 8 1 6 6 . 8 1 7 4 . 8 1 16.0
JLLY 1 601 2 C 2  1 -1 43 1 15.64] 8 6 . 4 1 7 5 . 6 1 8 1 . 0 1 10. 3
A LG. 1 351 250 i -21 5 1 16.141 8 5 . 5 1 7 0 . 0 1 7 7 . 8 1 15.5
SEP. 1 471 222 1 -175 1 14.391 8 5 . 6 1 6 8 . 9 1 7 7 . 2 1 16.7
GCT. 1 1551 187 1 -32 1 13.331 8 2 . 6 1 6 3 . 2 1 7 5 . 9 1 15.4
NCV. 1 1721 154 1 18 1 12.511 8 1 . 8 1 6 7 . 0 1 7 4 . 4 1 14.8
CEC. 1 2101 127 1 83 1 11.161 7 6 . 6 1 6 5 . 7 1 7 1 . 1 1 10.9
ANN. 115921 1987 1 -395 1154.231 8 1 . 5 1 6 7 . 0 1 7 4 . 2 j 14.5
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T A B L E  V (CONTINUED)

CLIMATOLOGICAL INFORMATION FOR STATION:  WAIMEA
LOCATED IN "WAIALUA SUGAR COMPANY I N C . "  , OAHU,HAWAI I

MCNTH RA IN lEVAPO-  
FA LL IR A T IG N  
MM. I IN MM. 
 1 -

MOIS- iR A D I-  ITEMPERATURE (FAH REN H E IT )  
TURE lAT IQN  1 MAX. 1 M IN .1 MEAN|MAX-MIN 

D E F IC IT lK G . C A L l  | | |
--------- 1-------- 1-------1----- j----- I-----------

JA N .
F E B .
MAR.
APR.
MAY.
JUNE
JU LY
AUG.
S E P .
OCT.
NOV.
DEC.
ANN.

25 21 
2351 
1171 
' 801 

551 
401 

1 0 0 1  
651 
701 
671 

1271 
1571 

13671

lAl
124
165
154
186
186
175
1S4
142
149
120
120

1857

YEAR: 
112 I 10 
111 I 10 
-48 I 14
-74 I 

-131 I 
-146 I 
-75 1 

-129 I 
-72 1 
-81 1 

8 1 
37 I

13
16
15
16 
17 
13 
12

9
10

-490 I 160

1969 
.741 73 
.481 74 
.641 75 
.071 76 
.261 81 
.891 83 
.391 82 
.051 83 
.791 82 
.351 83 
.911 81 
.171 79 
.741 79

.5 1 6 2 .  
.9 16 2 .  
.3 1 6 3 .  
.8 1 6 5 .  
.5 1 6 5 .  
. 8 I 68.  
.8 1 6 9 .  
.1 17 2 .  
.2 17 1 .  
.6170 .  
. 8 168 .  
. 3 1 6 5 .  
.9 1 6 7 .

9168.21
1168.51 
5169.41
4171.11
9173.71 
2176.01
6176.21
3177.71 
7176.91 
0176.81
5175.11 
3172.31
1173.51

YEAR :  1970

1 0 . 6
1 2 . 8
1 1 . 8
11 .4
15.6
15.6
13.2 
1 0 . 8
10.5
13.6
13.3 
14 .0  
1 2 . 8

JA N . 1 19 51 113 1 81 1 8.121 78 .3 16 4 .6 17 1 .4 1 13 .7
F E B . 1 551 144 1 -89 1 8.121 77 .8 16 3 .4 17 0 .6 1 14 .4
MAR. 1 131 160 1 -147 1 12.641 79 .1 16 5 .2 17 2 .1 1 13.9
APR. 1 921 165 1 -73 1 17.081 79 .1167 .0173 .01 12.1
MAY. 1 321 165 1 -133 1 15.091 82 .4 16 8 .7 17 5 .5 1 13.7
JUNE 1 601 192 1 -132 1 15.791 83 .5169 .5176 .51 14.0
JU LY 1 2701 250 1 20 1 18.501 85 .0 17 1 .4 17 8 .2 1 13.6
AUG. 1 421 247 1 -204 1 15.401 85 .7173 .5179 .61 12.2
S E P . 1 471 210 1 -163 1 12.871 85 .4171 .0178 .21 14 .4
CCT. 1 571 149 1 -91 1 18.591 83 .5171 .6177 .51 11.9
NOV. 1 1A21 96 1 47 1 9.251 80 .3169 .6174 .91 10.7
DEC. 1 1421 127 1 15 1 11.481 78 .0169 .8173 .91 8 .2
ANN. 111501 2019 1 -869 1164.971 81 .5 16 8 .8 17 5 .1 1 12.7
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WACO Waialua Sugar Company Inc,
HSPA Hawaiian Sugar Planters' Association,
SCS Soil Conservation Service,
TSA Ton Sugar per Acre,
TCA Ton Cane per Acre,
TSAM •• Ton Sugar per Acre per Month,
TCAM Ton Cane per Acre per Month,
"1-lakal" Towards the ocean (Hawaiian),
"Mauka" Towards the mountains (Hawaiian),

CONVERSION FACTORS

a. From c,g,s, system to American system 
1 hectare (ha) = 2,47 acres 
1 kilogram (kg) = 2,18 pounds (lb)
1 kg/ha = 1,13 lb/acre
1 meter (m) = 3,28 feet (ft) ■ 39,27" (inches) 
1 centimeter (cm) = 0,39" (inches)

b. From American system to c,g,s, system 
1 acre = 0,405 ha 
1 pound = 0,453 kg 
1 foot = 0,3 m 
1 inch = 2,5 cm 
1 Ton per Acre = 2240 kg/ha
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