
HUMULTS . OF WINDWARD OAHU, HAWAII, AND THE 

POTENTIAL RATINGS OF THESE. SOILS 

FOR SELECTED USES 

A DISSERTATION SUBMITTED TO THE 
GRADUATE DIVISION OF THE UNIVERSITY OF HAWAII 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

IN AGRONOMY AND SOIL SCIENCE 

MAY 1976 

By 

Sirapalli Periyannan Periaswamy · 

Dissertation Committee: 

Haruyoshi lkawa, Chairman 
Coro Uehara 

Rollin C. Jones 
Yoshinori Kanehiro 
Hiroshi Yamauchi 



We certify that we have read this dissertation and that in our 

opinion it is satisfactory in scope and quality as a dissertation for 

the degree of Doctor of Philosophy m Agronomy and Soil 

_Science. 

DISSERTATION COMMITTEE 

· Chairman 

~~/(~ 
/i~~ 

/ 



ABSTRACT 

An investigation of the Humults ( Ultisols) of Windward Oahu, 

Hawaii, was made with the objective of determining and classifying 

the soil and landscape parameters for selected agricultural and 

nonagricultural uses, characterizing and verifying the classification 

of the soils of the study area, showing the geomorphic relation

ships of the Ultisols with other soils, proposing the potential 

rating of the soils for the production of banana and sweet potato 

and for dwellings and for construction of local roads or streets, 

and identifying the areas of further research required for efficient 

interpretation of soil and landscape data for different uses. 

The soil order Ultisols dominate the sloping eroded landscape 

of Windward Oahu. Most of these soils are highly leached, con

tain appreciable amounts of extractable aluminum,· and fix large 

amounts of phosphorus which can affect plant growth. Because 

of the appreciable amounts of organic carbon in the upper portion 

of the Bt or argillic horizon, these soils are further classified in 

the suborder Humults. The four important soil series, covering 

slightly over 10,000 hectares, are the Waikane, Lolekaa, Alaeloa, 

and Paumalu soils. They occur in areas with an annual rainfall 

ranging frorri 900 to 2,300 mm and with an isohyperthermic 

temperature regime. 

Pedons or profiles of these Humults were collected and 
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laboratory data were obtained to determine the range in the 

characteristics of the chemic~l, physical, and mineralogical 

properties. These soils are very strongly acidic to strongly 

acid, with the pH values ranging from 4. 5 to 5. 4. The cation 

exchange capacity ranges from 13 to 25 meq/100 g of soil, while 

the base saturation of the surface horizon ranges from 22 to 45 

percent. The base saturation decreases with depth. Because 

the subsoils have high amounts of extractable aluminum ( as much 

as 12 meq/100 g) and consequently high aluminum saturation ( as 

much as 88 percent), crop production on these. soils is limited to . . 

plants that can tolerate appreciable amounts of soil aluminum or 

crop production can be maintained only with proper management. 

Banana and sweet potato are two crops which can tolerate such 

a condition . 

. Chemical, physical, and mineralogical properties were 

determined to verify the classification of the Humults. The labo-

ratory data suggest a need ·to study further the Humults of 

Windward Oahu. It is likely that some of the Humults may need 

to · be reclassified at the lower categories. In general, the 

Humults of Windward G_ahu are Tropohumults with some of them 

tending to have properties of. Palehumults. They all are of 

clayey family, generally with varying mineralogy. 

The Humults of Windward Oahu occur on a . sloping landscape 

and in association with lnceptisols, Entisols, Mollisols, 
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and V~rtisols. Association with Oxisols are of limited extent. 

Exposure of Windward Oah"u · to the Northeast Tradewinds and the 

subsequent effects of erosion is attributed to the occurrence of the 

existing · landscape and soil associations and distribution. 

A system of determining the soil potentials of the Humults of 

Windward Oahu for selected agricultural and nonagricultural uses 

was proposed. Potential ratings for the production of banana and 

sweet potato were used to illustrate the system for agricultural 

uses and ratings for dwellings and for the construction of local 

roads or streets were used to illustrate the system for nonagri

cultural uses. Certain soil and landscape parameters which 

cannot be altered easily by man ( noncontrollable parameters) 

have strong influence or weightings than other parameters which 

can be altered by man ( controllable parameters). Various cri

teria pertinent to the specific uses were rated and evaluated. 

The results of the ratings suggest that much of the 1:-Jumults, 

especially those with steeper slopes, have poor or fair ratings 

for the production of banana and sweet potato in Windward Oahu. 

Humults with less steep slopes, however, have better ratings. 

The latter soils are limited in extent. The predominance of 

Humults with poor and fair ratings are to be expected because 

these soils are by definition highly leached soils with low inherent 

fertility and occur on sloping landscapes. The value of the 

potential rating system appears to be then m deciding which areas 



VI 

of Humults should be considered as 11 first 11 choice · for a specific · 

use. · 

Similar results of the ratings for dwellings and local roads 

or streets suggest that Humults in areas of steeper slopes have 

poor or fair ratings while those of less steep slopes have better 

ratings. These findings suggest further that in general soils that 

are good or fair for banana and sweet potato are also good or 

fair for dwellings and local roads or streets. 

Although the final decision to use a particular site for a 

specific use will depend on other factors, such as socio-economic 

conditions, the concept of soil potentials can be used as an initial 

step in guiding the land users, land planners, and other·s in 

evaluating a soil, a parcel of land, or an area for a specific use. 

Areas of further research include the systematic compilation 

of yield data of specific crops and -refinement of the soil potentials 

approach. There is also a need to display the potential ratings 

for selected uses especially by means of a computerized display 

system. Several systems are in existence but they should easily 

be accessible and ·up_-dated ~d be subject to modification so that 

the information may be useful not only for general planning, but 

also for specific planning. 
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INTRODUCTION 

Soils classified as Ultisols, more sp.ec~fically the Humults 

( Foote et al. , 1972}, dominate the sloping landscape of Windward 

Oahu, Hawaii. At present much of this area is in small farms, 

pasture, scattered homes, or is simply undeveloped. As urban

ization and other nonagricult~ral uses occupy the more level lands, 

there is a tendency · to seek areas of Humults for these uses. 

There is, therefore, a need to invest_igate these soils and to 

suggest their suitability for various uses. 

According to the Soil Survey Staff (1973), Ultisols are 

strongly weathered mineral soils, usually moist, with an argillic 

horizon consisting of translocated clays. At least during some . . 

seasons of the year, precipitation exceeds · evapotranspiration and 

bases removed by leaching excee<:f or equal the amount released 

by weathering. In temperate areas, Ultisols are formed under 

forest vegetation m climates with slight to pronounced moisture 

deficits and surpluses. Ultisols are strongly acidic and show the 

ultimate effects of leaching. Base saturation by. the sum of 

cations is less than 35% at a depth of 1. 8 .m below the surface of 

the soil or 1. 25 m below the upper boundary of the ~rgillic hori-

zon, whichever is deeper. Extractable AI is usually high in 

these soils. Ultisols are inher.ently poor in soil fertility but have 

desirable physical properties and becor:ne ·productive when 
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managed properly. 

In Hawaii, Ultisols occui:- on the islands of Kauai, Maui, and 

Oahu. They occupy an area of approximately 40,000 hectares 

and rank fifth of the ten soil orders. On the island of Oahu, 

Oxisols are the dominant soils covering 20% of the land area, 

followed by Ultisols, which occupy 11% of the area. Oxisols are 

· the extremely weathered soils of . the tropics ~nd occur on fairly 

stable landforms. Often, Ultisols occur in association with Oxi

sols, the former occupying the steep slopes. More than half of 

the Ultisols in Hawaii are found in Windward Oahu~ 

When classifying the Ultisols, the moisture regime and or

ganic matter content are considered _at th~ suborder level. The 

suborder Humults are Ultisols that are not associated with 

wetness and contain O. 9% of organic carbon or 1. 5% of organic 

matter in the upper 15 cm of the argillic horizon and/or 20 kg of 

organic matter in a unit volume of one square meter to a depth 

of one meter exclu::sive of any ·o horizon. Humults occur in the 

high rainfall areas of the subtropical and tropical regions. 

The soil survey of the islands of Kauai, Oahu, Maui, . 

Molokai, and Lanai has been published by the Soil Conservation 

Service, USDA, in cooperation with the University of Hawaii 

Agricultural Experiment Station (Foote et al., 1972). Soil 

series descriptions, laboratory data of selected soils, classifi

cation, and land capability groupings for different uses are 
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discussed in that report. When laboratory data · are not available, 

inferences are made based or:i closely related ·soils. Soils with 

similar' classification ~re expected to have similar properties. 

Thus, the properties of the Humults of Windward Oahu should be 

similar to those of the Humults of Leeward Oahu. · · 
. . 

The efficient use of Windward Oahu Humults requires the 

knowledge of the important properties and behavior of these soils. 

These properties arid behavio.r are in turn influenced by other 

factors. ·Fo_r example, the occurrence of post-erosional 

volcanoes in the Kaneohe-Kailua-Waimanalo area with accompa

nying or subsequent hydrothermal activities could result in 

different kinds of soil parent material when ·compared to those of 

the leeward side of the Kool au Range. Hence, efficient use of 

the Humults of Windward Oahu requires detailed investigation of 

their properties and behavior, the landscape, and the rating of 

the soils for different uses. The present study is conducted with 

th.e following objectives. They are: 

1. To determine and classify the soil and landscape param

eters for selected agricultural and nonagricultural uses. 

2. To investigate and -clas.sify the soils according to the 

U. S. Soil Taxonomy. 

3. To show the geomorphic relationships of the Humults 

with other soils. 

4. To propose the rating of the soils for selected 
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agricultural and nonagricultural uses. 

5. To identify the area? of further research required for 

efficient interpretation of soil and landscape data for different uses. 



STUDY AREA AND SOIL FORMING FACTORS 

Soil · formation is the result of the interaction· of climate, 

vegetation, topography, parent material and time (Jenny, 1941). 

Variation in one or more of the soil forming factors has resulted 

in different soils in a narrow strip of land in Windward Oahu. 

Along with the dominant properties of the soils, climate and 

topography influence the use of these soils. The influencing 

factors are discussed in the following sections. 

The Humults of Windward Oahu occur on the narrow strip 

of land between the Koolau Range and· the o~ean extending from 

Kahuku to Waimanalo (Fig. 1). This Range is 59 km long and 

deeply dissected by numerous drainage ways. The width oi the 

area of interest varies from less than a km to more than 10 km 

at the widest point. 

Physiography 

The windward side of the Koolau Range is severely eroded, 

exposing numerous vertical cliffs and amphitheater-headed valleys. 

The area has gently sloping valley floors of alluvial and colluvial 

materials. Deeply dissected uplands of the northern Koolau 

are less severely ero9ed with som·e ridge crests reflecting the 

former slopes·. Coalescence of series of amphith~ater-headed 

valleys has resulted in the formation of Pali. The · severe 



Z I• ;JI)'-

0 
I 

6 

N u .. 
C] HUMULTS 

Figure 1. Areas of Humults m Windward Oahu. 



erosion of Windward Oahu may be attributed to the direct · expo

sure of the tradewinds, wa.v~s and high rainfall {Macdonald and 

Abbott, 1970). Some of the prominent ·valleys are Kahana, 

Kahaluu, Waiahole, Kaneohe, and Waimanalo. 

Geology 

7 

Oahu 1s made up of the Waianae Range in the west and the 

younger Koolau Range on the east. The Koolau shield consists 

of thin narrow basaltic lava flows piled one upon another like 

shingles intermingled with ash and dikes (Stearns, 1966). These 

ranges are shield volcanoes that have been subjected to the effect 

of erosion. The crest of the Kool au volcano is centered near 

the foot of Nuuanu Pali and once stood 1800 m above sea level 

in a zone of maximum rainfall. Today, shoreline of the island of 

Oahu is approximately 360 m below the former sea level, and 

\ 

erosion is responsible for · the present land · forms (Macdonald and 

Abbott, 1970)'. 

During the late stage of formation, the summit area of the 

Koolau shield collapsed to form a caldera. The boundaries of 

the caldera extend from near Waimanalo on the southeast to 

beyond Kaneohe on the northwest. . The southern boundary lies 

c·lose to the bas·e of the Nuuanu Pali · and the· eastern boundary 

lies offshore. The · caldera was gradually filled with lava flows 

to a level above .the present height of Olomana Peak. The rocks 



in the caldera were subjected to volcanic gases and steam 

resulting m the alteration of primary minerals. Subsequent 

erosion o.f the area gave rise to the present landform. 

8 

The rocks of the Koolau Volcanic Series are tholeiitic 

basalts which are rich in Si, Mg, and Fe but low ·in Na and K. 

These rocks are primarily composed of plagioclase feldspar, . . . . 

pyroxene, and olivine in varying amounts. Hydrothermal activity 

in the Koolau caldera has altered the pyroxene primarily to 

chl.orite and various oxides of Si, e.g. , chalcedony, quartz, and 

opal. Olivine on the other hand, has been altered to serpentine 

and talc (Macdonald and ~bbott, 1970). 

On the southeastern end of the Koolau Range, more than 30 

sub~equent volcanic eruptions formed cinder, spatter, and ash 

cones and poured lavas over deeply eroded areas. Information 

on the secondary eruptions of the Honolulu Volcanic Series is 

presented in Table 1. The locations of the eruption sites are 

shown in Figure 2. Lavas of this Honolulu series are in general 

rich in Mg and Fe but poor in Si. The rocks include alkali 

basalts~ basanites; and nephelinites {Macdonald and Abbott, 1970 ). 

Climate 

Orographic effects greatly influence the rain~all distribution, 

cloudiness, temperature and in turn soil development in the 

Hawaiian Archipelago. Hawaii e11Joys a nearly uniform annual 



Table 1. Secondary Eruption Sites of the Honolul~ Volcanic Series 
on Windward Side of Koolau Range 

No. Name 

1 Hawaii Loa 
2 ' Pali Kilo 
3 Pyramid Rock 
4 Moku Manu 
5 Ulupau 
6 Mokulea 
7 Haiku 
8 Kaneohe 
9 Pali 

10 Makawao 
11 Ainoni 
12 Castle 
13 M aunawili 
14 Training School 

Sites 

Mokapu Peninsula 
M~kapu Peninsula 
Mokapu Peninsula 
1$Iands off Mokapu Peninsula 
Mokapu Peninsula 
Kailua Bay 
Head of Haiku Valley 
3. 2 km south of K aneohe . 
Pali Road 
3. 2 km southwest of Olomana Peak 
3. 2 km southwest of Olomana Peak 
4.8 km east of Kailua 
South side of Olomana Peak 
North side of Olomana Peak 

1source: Stearns (1966). 

Materials Erupted 

Cinders and lava 
Lava 
Lava 
Ash 
Ash 
Lava 
Lava and ash 
Cinders and lava 
Cinders and lava 
Ash, cinders and lava 
Cinders and lava 
Cinders and lava 
Cinders and lava 
Cinders and lava 
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temperature, moderate humidity, persistence of northerly trade 

winds, a·nd rarely severe stqrms (Armstrong, 1973). There 

are two general. seasons in Hawaii. Summer is between May 

and October when the sun is nearly overhead. The weather 1s 

warm and dry and the northeast trade winds are persistent. 

The winter season is between November and April. During this 

period the sun is in the south and the · weather is cooler. Inter

ruptions of the trade winds by other winds bring more frequent 

clouds and ram. In Hawaii, during most of the year, the trade 

winds are from the northeasterly direction and the windward side 

of Oahu is normal to this trade wind . . Most of the time the 

northeast trade winds are str6ng near Nuuanu Pali and Kahuku. 

Rainfall 

The mean annual rainfall varies from 1,000 to 2,000 mm 

(40 to 80 in.) m t~e valleys and exceeds 6,000 mm (240 in.) at 

the summits of the Koolau Range in Windward Oahu. Rainfall 

distribution very often follows the contour of the elevation and the 

rainfall gradient exceeds 1,000 mm per km distance. In areas 

of low to moderate rainfall and m marginal agricultural areas, 

the median annual rainfall is often less than the mean annual 

rainfall. Hence, ·Halsted and Leopold (1948) recommended the 

median annual rainfall . as a better index ·fo·r agricultural uses. 

Kahuku and Kailua are in dry parts of Windward Oahu and 
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receive only about 1,000 mm of median annual rainfall. 

The median annual rainfall distribution for the island of Oahu 

1s shown in Figure 3. The isohyets were based on the data 

from the year 1933 through 1957. The monthly rainfall distri-

bution patterns of four rc;lin ·gauge stations close to the soil 

sampling sites are presented in . Figures 4 and 5. 

Temperature 

In Hawaii, variation in mean annual monthly temper&ture is 

usually less than 5 C. Mean annual temperature of Windward 

Oahu ranges from 23 to 25 C. The energy received from the 

sun as well as the temperature of surface waters of the ocean 

surrounding the Hawaiian islands are more or _less constant 

thr~ughout the year. The ocean temperature ranges from 22 C 

during the colder months to 27 C during the warmer months. 

Hence, the air that moves across the ocean near Hawaii is .also 

mild resulting in more or less constant temperature, especially of 

the windward side of the islands (Blumestock and Price, 1967). 

The decrease in the mean monthly temperature 1s approximately 

1 · C for each 200 m in elevation. 

E vapotranspiration 

Evaporation of .water vapor from soil and of free water from 

land surface and transpiration of plants constitute evapotrans

piration. In Hawaii, annual variation in evapotranspiration 1s 
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small due to small fluctuation m temperatures. Experience from 

sugar industries show that the evapotranspiration of irrigated 

sugar lands approximately equals pan evaporation (Takasaki and 

Valenciano, 1969). Frequent rains in Windward Oahu may 

suggest evapotranspiration _values similar to those of potential · 

evapotranspiration. Due to paucity of data for Windward Oahu, 

Takasaki . and Valenciano ( 1969) developed a regression equation 

based on data from pan evaporation stations in Hawaii (Fig. 6). 

For areas with cumulative annual wind movements of less than 

32,000 km, the following regression equation can be used to 

compute the median ·annual pan evapotranspiration. 

log
10

E = 2.3435 - 0.001378 R 

Where E = Median annual pan evaporation in cm 

R = Median annual rainfall m cm 
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MATERIALS AND METHODS 

Field Soil Sampling 

Two representative profiles of the A ·laeloa, Lolekaa, 

Paumalu and Waikane soils were described and collected 

according to procedure prescribed in the Soil Survey Manual . 

( Soil Survey Staff, 19 51). · The soil descriptions are presented 

in Appendix A. Bulk soil samples of each horizon were brought 

into the laboratory for analysis. Natural clods were preserved 

for the determination of bu!k density and the preparation of thin 

sections. The locations of the sample sites are shown in Figure 

7 • . 

Laboratory Soil Preparation 

A portion. of the samples was processed to pass through a 

2-mm sieve for analysis. Some of the moist field samples had 

to be air-dried and larger clods broken to pass through the 

steve. Subsamples were further dried and ground to pass an 

80-mesh ( 0 .18 mm) sieve for the estimation of organic carbon 

and extractable iron. The processed soil samples were stored 

in double plastic bags. 

Methods of Analysis 

Methods of analysis were essentially those described m 
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Figure 7. Location of soil sampling sites m Windward Oahu. 



Soil Survey Investigation Report No~ 1 ( Soil Survey Staff, 

1972). The symbols in par~ntheses in the following sections 

correspond to the methods of analysis in the report. 

Bulk Density 

. The bulk density measurements were made using the clod 

method (Blake, 1965). 

Particle Size Distribution--Pipet method ( 3Al} 

20 

About 20 g of soil sample was treated with H 2o 2 to destroy 

the organic matter. No attempt was made to remove the 

electroiytes released. Ten ml of 5% sodium _metaphosphate was 

added to disperse the soil particles and shaken for 16 hours. 

Particles greater than 50 µ were separated by using a 325 mesh 

( 44 µ ) sieve. Clay plus silt and clay were estimated by pipetting 

a 25 ml of the suspension at appropriate times. 

Water Retention at 1/3- and 15-Bar Tensions 

Gravimetric water contents retained at 1/3-bar and 15-bar 

tensions · were determined using pressure plate apparatus ( U. S. 

Salinity Laboratory Staff, 1954). 

Soil pH (SC} 

Soil pH 1s were determined m water and in 1N KCl using a 

ratio of 1:1. 
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Organic Carbon ( 6A la) 

Wet oxidation method of Walkley and Black was used to 

determine the organic carbon. 

Cation Exchange Capacity--Ammonium Acetate (SAlb) 

Cation exchange capacity was determined at pH 7 using 1 N 

NH
4
0Ac. The excess NH

4
0Ac was removed with 95% 

methanol. 

Exchangeable Bases and Base Saturation 

Exchangeable Ca and Mg were determined in the NH
4
0Ac 

extract by using the Perkin-Elmer model 303 Atomic Absorption 

unit. Exc_hangeable Na and Mg were determined by means of a 

Beckman D. U. Flame Spectrophotometer. 

Base saturation was calculated by dividing the exchangeable . 

bases b.y the cation exchange capacity and expressed as 

percentage. 

Extractable Acidity ( 6H 1) 

Extractable acidity was determined at pH 8. 2 by back 

titrati'ng the BaClz'-triethanolamine buffer solution with O. 2 N HCl. 

Cation Exchange Capacity--Sum of Cations ( SA3a) 

Cation exchange capacity was also computed by adding the 

sum of exchangeable Ca, Mg, Na; K, and ·the extractable acidity. 



Extractable Aluminum { 6Gld) and Aluminum Saturation 

Aluminum was extracted· with 1N KCl and determined 

volumetrically. 

22 

Aluminum saturation was calculated by dividing the exchange

able Al by the sum· of exchangeable Ca, Mg, Na, K, and Al and 

expressed as percentage~ 

Extrc;tctable Iron ( 6Cl) 

Iron was reduced with _Na2S 2o 4 and determined by means of 

atomic absorption spectroscopy. 

Phosphate Adsorption 

. Phosphate sorption isotherms were constructed by equili

brating three grams of soil for six days at 24 C in 30 ml of O. 01 

M Ca Cl 
2 

containing varying amou1,1ts of Ca ( H
2

PO 
4

) 
2 

as outlined 

by Fox and Kamprath { 1970). 

Mineralogy 

Mineralogy of the fine earth fraction was determined by 

means of Philips Norelco X-ray diffractometer. Copper K tt 

radiation ( so · KV and 25 mA) with a graphite monochrom~ter 

was used for the analysis of the day, silt, and sand-size . frac

tions obtained from the particle size determinations. Oriented 

clays of K-saturated specimen were scann·ed from 2° 29 to 64° 

29 at room temperature and from 2° 29 to 16 ° 29 for 105 C, 
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300 C ·and 550 C heat treated specimens. Moist Mg-saturated 

clay pastes, m_ounted on gla~s slides, were scanned from 2 ° 29 

to 16 ° 28. Oriented silt specimen mounted on glass slides, and 

sand fraction, placed in aluminum sample holders, were scanned 

from 2° 29 to 64° 29. 



RES UL TS AND DISCUSSION 

Soil and Landscape Parameters 

Soil Parameters 

A study of the Soil Survey Laboratory Data and Descrip

tions for Some Soils of Hawaii (SCS et al., 1976) reveals the 

availability of data for 15 pedons of Ultisols representing 7 

different soil series. Of these numb~rs, only one, the Lolekaa 

series, is collected from Windward Oahu. The remaining soils 

are collected from either Leeward Oahu, Maui, · or Molokai. 

The results of this investigation will contribute laboratory 

data of the more important or more common Ultisols of Windward 

Oahu and substantiate or modify the range in characteristics of 

the selected physical, chemical, and mineralogical properties of 

~hese soils .and a.iso of soils classified in the same category. 

Soil parameters relevant to agricultural uses are many and 

of varying importance. Fo:r agricultural · uses, properties such 

as depth of soil, depth of water table, stoniness, structure, 

hardpan, gleying~ cat-clays; particle size distributiol?,, mineralogy, 

organic matter, salinity and alkalinity, acidity, ·and base saturation 

are important. Along with many of the above-mentioned proper

ties shrink-swell potential, compressibility, shear strength and 

bearing capacity need to be considered for nonagricultural uses. 

Some of the present and potential uses of Ultisols of Windward 



Oahu are for truck crops, fruit crops, pasture, forestry, 

dwellings, roads a:nd road b~nks, ·~ewer and water disposal. 

25 

Physical, chemical, and mirieralogic.al properties relevant to 

soil classification and for selected agricultural and nonagricultural 

uses are discussed in the following sections. The morphological 

properties are described in Appendix A. 

Physical Properties 

Bulk Density. The bulk density values are given m 

Table 2. The values determined by the clod methods are m 

general slightly higher than the other methods according to Blake 

(1965), Goddard et al. (1971), and Harlan and Franzmeier 

(1974). 

Among the soils, the Alaeloa soils at site A2 ( Kapaa 

Quarry) had the highest bulk density values, ranging from 1. 28 

to 1 • 48 g/ cm 
3

• These high values are due to the appreciable 

amounts of quartz in the silt and sand-~ize fractions. In many 

3 
cases, when the bulk ·density exceeds ~. 5 or L 6 g/ cm , l"OOt 

penetration becomes a pl"oblem (Russell, 197 3). On the other 

hand, th.e bulk density values of the Waikane soils and the 

. 3 
Lolekaa soil at site Ll ( Kaneohe) were about 1. 03 g/ cm • The 

soils had small to moderate amounts of X-ray amorphous 

materials. The lack of peaks that are attributed to crystalline 

minerals was used to estimate the presence of X-ray amorphous 

materials. 
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The Lolekaa soils at site L2 ( Haiku) had bulk density values· 

ranging from O. 54 to O. 88 g/ cm 
3 

except" at the surface. The top 

3 
. . 

four cm of soil had a bulk density of 1. 25 g/ cm and may be due 

to aggregation or dehydration·. Bulk density values of O. 85 

3 
g/ cm or less indicate the presence of significant amounts of 

volcanic ash and/or pumice in mineral soils ( Soil Survey StaH, 

1973). This sampling site is close to the post-erosional volcanic 

vent of Haiku and the mineralogical study of this soil reveals the 

presence of appreciable amounts of X-ray amorphous materials 

and of small amounts of goethite, kaolin, and 2:1 interstratified 

minerals. Soils with low bulk density values are usually associ

ated with high total porosity. 

Because the bulk density values range from O. 54 to 1.42 

g/ cm 3 in the soils studied, they must be taken into account when 

analytical results expressed on weight basis and are compared 

with each other. 

Soil Texture. Soil texture refers .- to the relative pro-

portion of sand, silt, and clay-size particles of the fine earth 

fraction ( 2 mm or less). Many of the physical and chemical 

reactions take place at the surface of the particles and hence 

texture is important. Textural classes are related to plasticity, 

permeab_ility, ease of tillage, water storage characteristics, and 

shrink-swell potential. Soil texture influences pedological, 

physical, 'chemical, and biological properties of soil and does 

J 
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not change. In Soil Taxonomy ( Soil Survey Staff, 197 3), 

texture is considered at the soil family level. In the soils of the 

tropics, especially soils derived from basaltic parent material, 

the sand, silt, and clay contents may not have precise meaning 

because of aggregation ·. Soils dominated by kaolJnite or certain 

oxides or hydroxides of iron and aluminum form aggregates and 

behave like medium textured soils. 

-Particle size distribution of the fine earth fraction and textural 

classes are presented in Table 2. Clay-size fractions dominate 

these soils followed by silt and sand-size' fractions. Most of the 

soils are clayey in texture except the surface horizon of Alaeloa 

soils and wa:ikane soil at site W2 (Waiahole) and the lower 

horizons ( B 24 and B25) ·of the Lolekaa soil at site L2 (Haiku). 

The surface horizons of the Alaeloa soils have appreciable 

amounts of hydrothermally produced quartz in the sand and silt

size fractions. 

The clay contents range from 30 to 88% while the silts range 

from ·fo to 51% and the sands from 1 to 33%. The pattern of 

particle size distribution rev·eals the absence of lithological . 

discontinuity. In most of the soils, the silt and sand-size frac

tions are aggregates of weathered minerals. The clay contents 

increase in the subsoil and then decrease, except . in the Lolekaa 

soil at site Ll ( Kaneohe) and in the Waikane soil at site Wl 

( K-aaawa). The particle· size or textural class data, therefore, 
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reflects the . stability of aggregates when the soils of the study site 

are analyzed according to the method of Kilmer and Alexander 

( 1949) . 

Soil Structure. The combination or arrangement of 

primary particles lead to various structures in soil. · For optimum 

growth of plants, the soil should provide nutrients, water, and 

oxygen. The availability of these components are influenced by 

soil structure and texture. Often, structure overrides the 

influence of texture on the .air-water relationships and nutrient 

availability. In well-structured soils, texture may not be a good 

indicator of soil water characteristics. 

Soil structure is influenced by mineralogy of the fine earth 

fractions, organic matter, texture, and the natur~ of exchangeable 

cations. Oxides and hydroxides of iron and aluminum, when 

present in sufficient amounts, are known to bind the smaller par

ticles into lar.ger aggregates as a continuous matrix. Gel-like 

amorphous coatings of hydrous alumina-silicates on soil particles 
. . 

help bind the soil particles according to Jones and Uehara ( 1974). 

Mutual flocculation between positively and negatively charged 

surfaces in highly weathered soils can also lead to well

aggregated structure ( El-Swaify and Emerson, 197 5). 

Water movement and retention are greatly influenced by soil 

structure. In well-aggregated soils of the Molokai Series ( Typic· 

Torrox) and the Wahiawa Series ( Tropeptic Eutrustox), rapid 
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release of water at low tension and the high water contents at 

high tensions are related to · i_nter-aggregate ·and intra-aggregate 

pores ( Sharma, 1966). The presence of these voids in Oxisot's 

and Ultisols of Hawaii having kaolin and oxide mineralogy are 

illustrated by means of sc;:anning electron micrographs ( Tsuji 

et al., 1975). Macropores aid in free drainage after heavy 

rams and intra-aggregate voids help in water storage and in 

making water available to plants over an extended period of time. 

A high · steady state infiltration rate of 2. 9 cm/hour was reported 

for Waikane soil by Dangler et al. (1975). 

The surface horizons of Alaeloa, Lolekaa, Paumalu, and 

Waikane soils usually have strong, fine and very fine subangular . 

blocky structure (Appendix A). Most ·of the subsurface horizons 

of the Alaeloa soil at site A2 ( Kapaa Ouarry) and the Waikane 

soil of site Wl ( K"aaawa) have moderate, medium subangular 

blocky structure . The subsurface horizons of the other soils 

have mode?"ate, fine and very fine subangular blocky or some

times moderate fine granular structure. Hence, these soils have 

many . favorable physical properties associated with the . subangular 

blocky or granular structure. 

Water Retention. The gravimetric ~ater retention data 

at . 1/3-~ar and 15-bar tensions are presented in Table 2. The 

15-bar water retention varied from 14 to 51%. The Alaeloa soils 

had low water retention due . to the large amounts of quartz in the 
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coarse fractions. These soils also have high bulk density values~ 

The Lolekaa soils had the hi9hest water retention among the four 

soil series studied. These soils have appreciable amounts of 

amorphous materials and low bulk density values. Amorphous 

materials are reported_ to have high 15-bar water retention due to 

large surface area ( Buol et al., 1973; Warkentin and Maeda, 

1974). The Waikane soils· also have small to mode~ate amounts 

of amorphous materials and have high 15-bar water retention. 

The difference between 15-bar and · 1/ 3-bar· water contents ts 

considered as available water. The amount of soil moisture 

retained in a form readily available to plants ts controlled by 

various soil properties, such ~s texture, organic matter, coarse 

fragments, bulk density, and structure. Total moisture holding 

capacity usually increases .with decreasing particle size, and 

available water holding capacity increases with increasing silt 

size. Available water content varies from 4 to 12%. Due to 

variations m bulk density values from 0.54 to 1.42, volumetric 

water content is expected to vary. 

Chemical Properties 

Soil pH. The Ultisols are highly leached soils resulting 

in low base saturation and strong acidic reaction. Availability of 

plant nutrients, lime requirement, and crop prod~ctivity i-n general 

are greatly influenced by the nature and extent of soil acidity. 

Low soil pH also corrodes metal and deteriorates 



32 

concrete emplacements. 

The pH values in water . and lN Ker are presented in Table 

3. The delta pH values ( pH in K Cl minus pH . in water) are 

negative and indicate that the net surface charge is negative 

(Mekaru and Uehara, 1972). The pH values of the Ultisols 

range from 4. 5 to 5. 4. The pH values generally decrease with 

depth except in the Lolekaa soils at site L2 ( Haiku) and in the 

Waikane soils at site W2 (Waiahole). 

The pH values of the ·Alaeloa soil at site Al ( Koolau Boys' 

Home) range from 4. 7 to 6. 5. This soil also has high per

centage of base saturation ranging from 45 · to 71 among different 

horizons. According to Soil Taxonomy ( Soil Survey Staff, 

197 3), this particular soil does not qualify for an Ultisol because 

of the high base saturation. 

Organic Carbon. The ·organic carbon contents are 

shown in Table 3. Organic · matter values can be obtained by 

multiplying organic C by a factor of 1. 724. All of the soils in 

this study have more than O. 9% organic C in the upper 15 cm of 

the · argillic horizon and confain mor.e · than 12 kg of organic C in 

an area of . a square meter to a depth of one meter. Thus, these 

soils qualify as Humults. 

Organic C contents and exchangeable bases usually decrease 

with depth. Organic matter is a source of N, P, S, and other 

plant nutrients. Organic matter also serves as a binding agent 
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Table 3. Chemical Properties of Eight Soils of Windward Oahu 

pH E,cchangeoble CEC 

Org•nic .Extr•ct. Sum ol e ••• Exch, Al INH~OAc) Cat. Ret. EAtract, 
Depth Horizon Car-bc>n KCI H2o APH Ca Mg Na IC Acidi1y Cation• Sat. Al Sat, Soil Clay Clay Iron 

Cffl s ---------------meq/100 ,--------------- s muq/100 9 S ------ meq/ 100 9------- s 
Aloeloa - Sit" Al IKooluu Bo~•' Homa) 

0- 18 Al l.37 5.49 6.52 -1.0l 2,33 B.73 0.20 0,79 4.87 16,92 71 0.00 0 14.97 38.09 30.6 3.87 
18- 30 B21 1.19 4.17 5.07 -0.90 2.10 8,73 0.20 0.79 8.33 20.15 58 0.10 0 17. 51 24.41 17.6 6,42 
30- 52 B22t 1.08 l.96 4.76 -0.80 1. 71 7.60 0,40 0 . 72 11.01 21.44 47 2.55 19 19.18 24.65 16, l 5,Jl 
52- 85 B2lt 0. 76 J.94 4.84 -0.9!) 0.89 8.29 0.32 0.08 11. 71 21.29 44 4.97 34 22,87 J0.49 19.4 7. 29 
8S-115 B24t 0.46 l.94 4.66 -0.72 O.ll 9.0J 0.82 0.06 11.27 21. 51 47 4.23 29 23,37 ll.16 21.0 6.63 

115-135 B25t 0.38 J.87 4.60 -0.73 0.17 9.42 0.52 0.06 10.85 21.02 48 4.12 28 24 .52 37.15 21. 7 6.15 
135-150 B26t O.ll J.80 4.73 -0.93 0.07 9.42 0.75 0 . 04 9.9"8 20.26 50 4.80 ll 23.11 39 .91 26.0 5.93 
150-170 B27 0.24 J.81 4, 7l -0.90 0.02 9.50 0.66 0.09 10.98 21.25 48 4.61 JO 22. 78 ,U,41 27.0 5,95 

Alaeloa - Site A2 IK!!!H Cuar-n:) 
0- 14 All 1.50 4.81 5.45 -0.64 2.20 2.18 O.ll 0.47 8.66 ll.84 37 o.oo 0 9.00 26.16 16.0 4,91 

14- 24 A12 1. 70 4.35 5.26 -0.91 1.27 1.22 0.26 O.ll 10.47 ll.53 22 0.93 23 8.88 22.71 10.2 6.06 
24- 40 B2lt 1.83 4.43 5,JO -0.8.7 1.88 2.62 0.36 O.ll 12.86 18.05 28 1.43 21 12.97 19.27 9.8 9.20 
40- 75 B22t 1.02 4.10 4.96 -0.86 1.16 2.11 0.37 0.18 13.18 17.00 22 l.14 45 14.12 21.04 10.J 10.67 
75-103 B2lt 0.70 4.02 4.87 -0.85 0.89 1.26 0.Jl 0.07 12.59 15.12 16 4,92 66 12. 75 17.56 10.l 10.47 

103-135 B24t 0.54 4.01 4,90 -0.89 0.69 0.98 0.32 0.07 12.21 14.27 14 4.78 69 12.64 21. 79 11.8 9.47 

Lolekaa - Sita Lt ·IKaneohe) 
0- 16 Apl 4.50 4,01 4.90 -0.89 2.53 2.68 0.40 0.42 19.53 25.56 23 l.99 39 25.53 37,43 14. 7 7.93 

16- 36 B21 1.08 l.97 5.25 -1.28 2.59 2.86 0.97 0.19 16.21 22.82 28 6.58 49 32.76 52.08 20.9 . 6.34 
36- 63 B22t 0.58 l.90 5.27 -1.37 1.89 2.16 1.10 0.09 19.37 24.61 21 9.11 63 JO.DO 50.42 24.1 5.90 

· 63- 99 B2lt 0.54 l.79 4.86 -1.07 1.21 · 1.28 0.87 0.21 18.97 22.60 16 10.38 74 JO.SJ 54.0l 24.7 6.99 
99-IJO B24t 0.68 l.79 4.98 -1.19 0.91 0.87 0.79 O.ll 17.20 20.10 14 9.40 76 28.41 52.80 22.8 9.46 

130-160 B25t 0.57 l.82 4.91 -1.09 0.75 0.74 0.62 0.33 18.71 21.15 11 9.00 · 19 28.90 60.58 23.9 11.55 
160-190 B261 0.53 l.76 4,84 -1.08 0.62 0,56 0.63 0.32 19.67 21.80 9 9.26 81 22.66 53,19 26, 7 9,81 

Lolekaa - Site L2 IHaiku) 
0- 4 AU 4.84 4.21 4.79 -0.58 0.38 1.52 0.Jl 0.15 16.78 19.14 12 1.63 40 J0.32 72.36 9.5 9.58 
4- 23 A12 6.43 4.07 4.82 -0.75 0.25 0.85 0.38 0.12 19.45 21.05 7 3.70 69 35.96 73.23 10.8 9,11 

23- 62 B21 l. 74 4.19 5.50 -1.31 0.01 0.34 0.34 0.04 17 .49 18.22 4 l.38 82 27.57 43,4!1 ·6.4 12. 73 
62- 94 B22 1.20 4.05 5.34 -1.29 0.05 0.37 0.43 0.06 18.73 19.64 4 5.41 85 27.98 50.68 11.4 11.31 
94-125 B2l 0.89 4.10 5.43 -1.33 0.07 O.ll 0,28 0,05 17 .24 17,95 l 4,70 86 18.33 J0.09 8.8 11.43 

125-160 B24 O.ll l.97 5.52 -1.55 0.04 0.41 0.35 0,04 18.58 19.42 4 9.10 91 19.92 56.43 28.1 11.48 
160-190 B25 0.39 l.92 5.30 -1.38 0.01 0.35 0.42 0.05 19,54 20.37 l 1.98 90 20.47 68.23 29.0 11,32 

Paumalu - Site Pl (Laie) 
O.a. 24 Al 4.01 4.08 4,66 -0.58 2.94 6.3S 0.37 0.49 11.78 21.93 46 0.94 8 28.03 43,25 7.5 8.60 

24- 52 B2lt 1.83 3.84 4.70 -0.86 l. 79 5, 74 0,39 0.17 16.85 24.94 32 · 6.35 43 32.08 36.ll 16.J 8.14 
52- 78 B22t l.Ol l.80 4.70 -0.90 1.11 J.68 0.34 0.08 16.94 22.15 23 8.61 62 J0.61 37.37 16.8 8.07 
78-117 B2lt 0.37 J.73 4.68 -0.95 0.50 2.59 0,47 0.05 16.60 20.21 17 9.40 72 JS.07 51.19 18.9 8.49 

117-155 B24t 0.14 J.63 4.52 -0.89 0.29 2.03 0.47 0.01 19.J8 22.24 12 10.54 78 21.68 ll.83 19.6 8.48 
155-190 B25t 0.22 J.68 4.62 -0.94 0.21 l.83 0.47 0,07 19.83 22.41 11 12.07 82 23.26 J8.89 24,5 8.04 

Paumalu • Sita P2 IPuu Kauweweole) 

0- 18 All J,82 4.58 5.03 -0.45 2.49 2.78 0.47 o. 76 10.95 17.45 Ji O.ll l 21.25 41.66 ll,0 10.81 
18- 41 Al2 2.80 4.60 5.01 -0.41 2.69 1_.98 0.52 0.48 10.66 16.JJ 34· 0.1] 2 22.ll Al.l9 11.3 10,63 
41- 72 6211 1.44 A.38 ,.79 ~0.,1 2. 74 2. 78 0. 55 0.2, 11,32 17,68 . JS 0.57 8 21.34 J0.88 10,0 11.40 
12-100 5221 0.57 J.89 4.69 -0.80 0,99 l.45 · 0.44 0.17 11.Jl 14.JB 21 2,90 48 17.08 27.41 9.5 10.92 

100-120 B2lt 0,36 J,79 4.38 -0.59 . 0.62 1.09 0,44 0.22 11.64 14.01 16 4.19 63 14. 70 26.06 11.6 11.18 
120-140 B24t 0.39 J,79 4.66 -0.87 0.53 1.01 0.44 0.22 13.40 15.60 14 J,97 64 14. 77 26.51 11.0 11.85 

Waikone - Site WI IKaaawa) 
0- 15 Apl 4.30 4.02 4.92 -0.90 1.87 2.05 0.43 0.39 16.66 21.40 22 2, 71 36 21.24 32.l 11.J 6.19 

15- JS B21 l.J6 l.91 5.04 -1.ll 0.81 1.16 0.68 0.17 19.94 22.76 12 7.59 72 21.19 ll.4 15.4 6,64 
35- 60 B22t 1.75 l.88 · 5.06 -1.18 o. 73 1.12 o:69 o.os 18.84 21.43 12 7.74 74 20.55 . Jl,l 15.6 8.17 
60- 85 B2lt 1.15 l.87 S.02 -1.15 0.52 1.01 0.61 0.01 18. lJ 20.34 10 9.20 80 22.36 · 35.4 18 .. 4 7.95 
85-115 B24t 0.78 J,84 4.99 -1.15 O.ll 0.85 O. SJ 0,ll 18.42 20,'24 8 9.80 84 20.38 . 34.0 20.4 7,75 

115-140 B25t O.H J.81 4.97 -·1.16 0.36 0.86 o.so 0.16 17,24 19.12 · 9 10.JO 84 20.67 39.5 23,l 8,32 
140-160 B26 0.55 l. 77 4.90 -1.ll 0.27 0.54 o.so 0.24 14.99 16.54 9 9.6J 86 20.41 35.4 19.4 7.65 
160-190 B27 0.62 l.81 4 ,97 -1.16 0.24 0.61 0,44 0,14 15.40 16,83 8 10.76 88 16,98 J0.9 22,2 7.34 

Waikanu • Sit .. W2 IW11iahole) 
0- 16 Apl l.50 4.34 4.94 -0.60 2,79 1.35 0.39 0.12 14,57 19.22 24 0.85 15 19.69 41.19 11.5 12,JO 

16- 28 B21 l,43 4.25 4.96 -0.71 2.45 0.5:? o. 22 0.3S 16.09 19.63 18 l.JO 26 19.09 36.57 9,2 12. 77 
28- 46 A22t 2.00 4.05 4.84 -0. 79 1.69 11.42 o.~8 0.46 15. 70 18,SS 15 J.09 52 19.86 JO.ll 9.0 11. 77 
4b- 76 A2lt 1.36 l.94 4.88 -0.94 1. 70 0.67 0.41 0.47 16.98 20.Jl 16 5.60 63 22.83 39.22 15.2 10.16 
7o- 99 fl24t 0.88 J.94 4.96 -1.02 1.18 0.59 0.H 0.40 15. 75 18.27 ll 6.02 10 21.98 40.93 15.9 10.04 
99-142 f\251 0.66 l.89 5.01 -1.12 0.67 O. JO o.~5 0.40 16.49 18.11 8 6.b7 80 17 .1>8 35.57 16.6 9.11 

142-16@ Cl 0.81 J.85 5.00 -1.H O.C.8 0.48 0.JO o. 51 18.ill 20.25 9 7,56 19 21.62. 50.16 22.1 9.57 
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for soil particles. Increasing amounts of organic matter decrease 

the exchangeable Al content ?-t a given soil pH (Thomas, 1975). 

Organic matter plays an important role in supplying plant nutrients 

and maintaining favorable physical properties, especially in 

Ultisols. 

Among the soils, the Alaeloa soils have the lowest organic 

matter content. These soils occur in a low rainfall area when 

compared with areas of other soils. In addition, large amounts 

of quartz in the silt and sand-size fractions have a dilution effect 

on the organic matter percentage. 

· The role of orgamc matter in reducing Al toxicity ts dis

cussed tn the section dealing with Al. 

Cation Exchange Capacity. The magnitude · of cation 

exchange capacity ( C EC) indicates the capacity of the soil to 

retain cati~ns, the degree of weathering, and the general chemi

cal activity. The nature and amount of clay minerals and the 

amount of organic matter determine the extent of CEC. Acid 

mineral soils with high CEC will usually have large amounts of 

exchangeable Al. 

The CEC values determined ·by the sum of cation range from 

13 to 25 meq/100 g soil ( Table 3) and indicate a moderate clay 

activity. Many of the soils have appreciable amounts of 

amorphous materials, mica, or 2:1 intergrades (Table 5) which 

contribute to high CEC values. Gamble and Daniels ( 1974) have 



attributed a high CEC value to the presence of 2: 1 to 2: 2 

intergrade minerals. 
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Among the soils, the Alaeloa soil at site A 2 ( Kapaa Quarry) 

has the lowest CEC values ranging from 13 to 18 meq/100 g 

soil. The clay fraction of this soil is dominantly kaolinitic. The 

sand fraction is ·dominantly quartz of hydrothermal origin and 

possesses low exchange capacity. The soils of. Alaeloa ( site 

Al), Lolekaa C'site Ll), Paumalu (site Pl), and Waikane (site 

Wl) occur in a comparatively low rainfall area and have slightly 

hig~er CEC than the other soils: 

In general, GEC by the sum of cations determined at pH 8. 2 

1s generally higher than CEC determined at pH 7 because of pH 

dependent charges. CEC values of Windward Oahu soils, how

ever, are similar or . lower at pH· 8. 2 than at pH 7 ( Table 3). 

These results are due to the low value of extractable acidity 

determined with BaCI
2 

- TEA in these highly aggregated soils. 

A period of 30 minutes may not have been sufficient to equilibrate 

these soils. Peech et al. (1962) reported an increase in the 

extractable acidity from 9 to· 54% by equilibrating for one day 

instead of 30 minutes. They, therefore·, recommended an equili

bration time of one day and modified. the procedure. 

Base Saturation. Ultisols by definition have less than 

35% base saturation by the sum of cations at a depth of 1. 25 m 

below the upper boundary of the argillic horizon or 1. 8 m · below 
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the · surface of the· soi.I, whichever ts deeper ( Soil Survey Staff, 

1973). The Alaeloa soil at site Al (Koolau Boys1 Home) has . . . . . 

an argillic horizon and a base saturation greater than 48% at a 

depth of 150 to 1 70 cm ( Table 3) and thus is classified as an 

Alfi sol. 

Base saturation of the different horizons of the Ultisols 

ranges from 4 to 46% and generally decreases with depth in each 

of the pedons. The higher base saturation in the surface hori.:.... 

zons of these soils may he due to biocycling by plants which 

brings bases from lower depths ( Buol et al.; 197 3; Soil Survey 

Staff, 19 7 3) . For crop production, surface soil layers should 

be preserved. Exposing the subsoils with low base saturation 

may decrease the. base supplying power. 

Exchangeable Cations. The distribution of exchangeable 

Ca, Mg, Na, K and Al of different soils are illustrated in 

Figures 8 thr.ough 11. The sum of exchangeable Ca, Mg, Na, 

K, and AI may be considered the effective CEC ( ECEC) 

(unpublished rep~rt, Uehara,' 1975) although the sum of 

exchangeable Al, Ca, and Mg is suggested· as effective CEC 
. . 

( ECEC) by Coleman et al. ( 1964) ~ In each of the four soil 

series, site 1 1s (Alaeloa at site Al, Lolekaa at site Ll, Pau

malu at site Pl, and Waikane at site Wl) have higher ECEC 

than site 21s. Site 1 1s are located ne·arer to the sea. Further

more, they are in areas of comparatively lower rainfall than 
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those of site 21s. Exchangeable Al also follows a similar· trend. 

The exchangeable Al occupie.s a ma..ior portion of the ECEC. 

The Alaeloa soils at site A 1 ( Kool au Boys' Home) has an 

unusually high exchangeable Mg ( 7 to 9 meq/100 g) and the 

percentage of Mg saturation varies from 57 to 73. Because this 

soil occurs in the Koolau Caldera; hydrothermal action of the 

ferromagnesium minerals may have been responsible for the large 

amounts of Mg. 

The Lolekaa soil at site L2 (Haiku) has extremely low 

bases. The median annual rainfall at . this location exceeds · 2,500 

mm per annum and is responsible for extreme leaching of bases. 

The exchangeable Ca, Mg, Na, and K are less than 0.4, 1.6 ~ . 

0.5, and 0.2 meq/100 g, respectiv~y. 

Most of the soils have large proportions of exchangeable Mg 

(Figs. 8 through 11) indicating the advanced stage of weathering 

(Buol et al., 1973; Martini and Jaramillo, 1975; Saunders, 

1959). 

Extractable Aluminum. The carbon dioxide charged 

water ·percolating · through the soil profile removes· free salts and 

exchangeable Ca, Mg, Na, and K. Hydrogen ions adsorbed tn 

sufficient concentration react with the clay and release AI3+. 
3+ 

The displaced Al may enter the exchange complex or may 

f h f 11 • l Al (OH) 2+, exist as one or more o t e o owing po ymers: 

+ . 
Al (OH) , Al (OH) . They can form complexes with organic 

2 3 



matter or enter in the interlayers of crystals (McLean, 1971). 

The acidic nature of the mineral soils are primarily due to 

the H+ released from the hydrolysis of AI 3+ and related 

42 

compounds. 
+ 

Exchangeable H are responsible- for soil acidity in 

organic soils or soils with appreciable organic matter. Below 

· pH 5. 5, AI
3

+ be~omes the principal cation ~f the exchange 

complex ( Coleman and Thomas, 1967). Percent Al . saturation 

associated with ECEC increases when the soil pH decreases 

below 5. 5. Soil solution AI becomes appreciable when percent 

AI saturation is greater than 60% ( Nye et al., 1961; Evans and 

Kamprath, 1970). 

Reduced root growth in turn will affect the uptake of water 

and nutrient elements (Adams and Lund, 1966; Ragland and 

Coleman, 1960; Rios and Pearson, 1964). Aluminum has been 

found to interfere with the uptake and translocation of Ca ( Evans 

and Kamprath; 1970; iohnson and ·Jacks~n, 1964). Aluminum tn 

soil solution also interferes with the uptake and translocation of P 

(Clarkson, 1966; Fo.y and Brown, 1964; Wright and Donahu, 

1953). 

Growth of corn was reported not to be affected when Al 

saturation was less than SO% (Kamprath, 1970) but root growth 

was affected when th~ Al saturation exceeded this amount 

( Brenes and Pearson, 1973). Sorghum and sudan grass 

seemed to be sensitive to AI toxicity ( Pearson, 1966). 
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Sweet potato, on the other hand, was tolerant to large amounts 

of exchangeable Al (Russell, . 1973). Based on the performance 

of plantain; banana is also believed to be tolerant to high Al soils 

( J. M. Spain, personal communication). Crop tolerance to Al 

varied with species (Hewitt, 1952; Jackson, 1967) and varieties 

within species (Foy et al., 1967, 1973). 

In organic soils or in soils with appreciable organic matter 

content, soil acidity is primarily attributable to exchangeable H + 

from organic matter ( Kamprath, 1967). Evans and Kamprath 

( 1970) reported that at a given soil pH, At3+ in soil solution 

decreases with increasing amounts of organic matter. Recently, 

the role of organic matter in decreasing exchangeable Al was 

emphasized by Thom as ( 197 5) . . It is believed that soil organic 

matter formed complexes with the Al 3+. 

In strongly acid soils, increasing amounts of electrolytes in 

·1 l · · At3+ . h ·1 I . ( B d soi so uhon · increase 1n t e soi so ution renes an 

Pearson, 1973; Fried and Peech, 1946). .Br-enes and Pearson 

( 197 3) established the relationship between electrical conductivity 

of the saturation extract which was highly correlated with the 

conductivity · of the soil solution, soil pH, and the Al content in the 

soil solution for the Tropohumults and Eutrustox of Puerto Rico. 

Heavy application of fertilizers on soils with high Al might result 

in higher amounts of AI in soil solution. .When soils have a 

higher pH than the zero point of charge, higher electrolyte 



concentrations result in higher negative charges, releasing H+, 

which in turn react with Al ( QH) 
3 

· and release salt extractable 

AI 3+ (Amedee, 1974). 
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In this study of the Windward Oahu Humults, the exchange

able Al contents extracted with 1N KCI were usually high and 

generally increased with depth ( Table 3). Ultisols are usually 

associated with large amounts of exchangeable Al ( Soil Survey 

Staff, 197 3) • The . exchangeable Al varied from O to 12 

meq/100 g in the Windward Oahu Ultisols. The Alaeloa soils and 

the Paumalu soil at site P 2 ( Puu Kauweweole) had less than 5 

meq/100 g soil. The exchangeable Al contents of the Windward 

Oahu soils are usually higher than the Ultisols of the other parts 

of Hawaii (SCS, USDA et al., 1976). 

For the soils studied, the pH values in lN KCI are better 

indicators of exchangeable Al than pH in water (Fig. 12). 

Exchangeable Al becomes appreciable when soil pH in KCI ts 

below 4. 5. 

A preliminary study of the Lolekaa soil at site L2 (Haiku) 

and the Waikane . soil at site ·w2 (Waiahole) revealed that the 

dominant species of Al extracted by lN. KCI was trivalent. This 

fact was shown when Al determined from the KCI extract by 

volumetric method, colorimetry, and atomic absorption spectros

copy were nearly the same. Dalal ( 197 5) showed that the 

predominant species was Al 3+ below pH 4. 5 ( in 1 N K Cl extract) 
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and Al(OH)
3 

from pH 4.5 to 6.3. · The other hydrolysis 

products present in small ampunts are the monomer species of 

2+ + . 3+ 
Ai(OH) and Ai(OH)

2 
and the polymer species Al

6
(0H\

5 
or 

other polymers. 

Percent aluminum saturation of the ECEC is an important 

parameter related to Ai in soil solution. Percent Al saturation 

refers to the ratio of exchangeable Al to the ECEC expressed 

as a percentage. 

The percent Al saturation vary from O to 90 for the soils in 

this study area. The subsoils have higher percent Ai saturation 

values than the surface soils. Lime can be applied to reduce 

the surface soil Al s·aturation but correction in the subsoil may 

be a problem. The distribution of organic C, exchangeable Al 

and percent Al saturation with depth are shown in Figures 13 

through 1"6. 

When large amounts of liming mat~rials . are needed to raise 

the soil pH to a desired level, liming can be based on the 

reduction of percent AI saturation to a desired level for the crop 

in question· (.Reeve and Sumner, 1970a, 1970b; Kamprath, 1972). 

About 1. S to 2 meq of lime will be necessary to neutralize 1 meq 

of Al (Kamprath, _1967). 

Phosphate Adsorption. Highly weathered soils are 

usually deficient in P and also fix large quantities of applied P. 

The composition of the fine earth fractions and their relative 
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amounts influence the amounts of P fixed. The largest amounts 

of P is fixed by amorphous c:;>xides followed by crystalline oxides, 

kaolin, and montmorillonites ( Fox et al. , 1968) . Layered 

silicates such as illite, vermiculite, and kaolinite fix less P than 

iron and aluminum oxides ( Sawhney, 1974). Gel-like coatings 
. . 

on silicate clays also fix P (Fox et al. , 1971). 

Highly leached soils are strongly acidic and possess large 

amounts of Al. Coleman et al. ( 1960) obtained the following 

relation between exchangeable Al a~d P fixed tn North Carolina 

subsoils. 

y = 0.077 + ~.703x 

where y = Phosphate sorbed in millimoles/5 g soil 
x = Exchangeable AI in millimoles/ 5 g soil 

Composition of the soil solution greatly influence the nutrient 

uptake by plants. Soil solution P of O. 05 to O. 2 ppm are found 

to be optimum for most of the crops {Beckwith, 1964; Fox and 

Kamprath, 1970; Fox, 1974; Ozane and Shane, 1967; Singh 

et al., 1971). In this investigation, the aniounts of · P required 

to ·obtain a desired level of P in soil solution are shown as 

adsorption isotherms (Figs. 17 and 18). The Lolekaa soil at 

:site Ll {Kaneohe) and the Waikane soil at site Wl (Kaaawa) fix 

more P than the Paumalu soil at site P2 (Puu Kauweweole) and 

the Alaeloa soil at site A2 ( Kapaa Quarry). The increased P 
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fixation of these soils may be due to the presence of appreciable 

amounts of X-ray amorphou~ material and goethite. The sub

surface soils fix larger amounts of P than the surface soils. The 

increased P fixation of the subsurface soils may be due to an 

increase in the specific surface area · of the soil as evidenced by 

15-bar water retention data and reduced amount of organic matter 

{ Fox et al., 1971) and increasing amounts of exchangeable Al 

{Coleman et al., 1960; Syers et al., 1971; Udo and Uyu, 1972). 

The data of Fox et al. { 1971) show that the Paaloa and 

Leilehua soils { Humoxic Tropohumults) of Leeward Koolau had 

similar P fixing capacity to that of the Alaeloa or Paumalu soils 

of Windward Oahu. 

According to Fox et al. (1974), sweet potato requires 0.003 

ppm P in solution for 7 5% of maximum yield and O .1 ppm P for 

95% of maximum yield. Corn on the other hand, requires a 0.05 

to O. 07 ppm P for 95% maximum yield in various soils of Hawaii. 

The amount of P required to · obta.in 0.05 ppm in solution to a 

depth of 15 cm/hectare for the Alaeloa, Lolekaa, Paumalu and 

Waikane soils are 350, 633; 390, and 982 kg, respectively 

(Table 4). 

Thus, for maximum crop yields, large amounts of P must be 

·applied on the Ultisols studied. Massive application of P is 

known to have residual efficiency over a period of many years 

{ Fox et al. , 1974). 



Table 4. Some ol the Soil Properties Related to P fixation in the 

Soil Depth P lor P for 15-bar Clay Organic Exch. 
0.05 ppm 0.05 ppm Water Carbon Al 

ol top 
15 cm 

cm ,.,.g/g kg/ha I I s moq/100 g 

Alo<1loa Silo A2 0 - 14 160 350 14 34 1. 5 o.o 
I K opoo Ouurry) 14 24 230 19 39 1. 7 0.9 

24 - 40 210 29 67 1.8 1.4 

Lol"k"o Sito ' Ll 0 - 16 440 6JJ JJ 68 4.5 J.9 
(Kancohel 16 - J6 680 34 62 1.0 6.5 

Paumalu Site P2 0 - 18 200 J90 26 51 J,8 0.1 
(Puu Kauweweole) 18 .. 41 240 27 51 2.8 0.1 

Waikone Site Wl 0 - 15 6JO 482 J2 65 2.7 2.7 
(Kaaawe) 15 - 35 820 45 67 1.J 7.5 

tr ~ trace; lX - Less than lOS; 2X - J.O to JOS; JX - JO to 60%; 4X • Greater than 60%. 

Humults of Windward Oohu 

Cloy Mineralogy 

2:1 
Knolin Int. Grode Mica Gouthite 

4X Ir lX lX 
4X lX tr 2X 
4X Ir tr 2X 

2X lX 2X 
2X lX 2X 

JX Ir lX lX 
JX lX lX 

JX tr lX 
4X 2X 

Hematite 

lX 
lX 
lX 

lX 
lX 

lX 
1X 

lX 
lX 

X-ray 
Amor, 

JX 
lX 
lX 

2X 
2X 

lX 
lX 

lX 
2X 

CJ , 
ln 
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Mineralogical Properties 

The miner.alogical C':)mposition of clay, silt, and sand-size 

fractions are presented in Table 5. The X-ray diffractograms of 

· selected horizons ( K-saturated, air-dried, or untreated samples) 

from each of the contr~l section are shown in Figures 19 through 

22. All of the soils have small to trace . amounts of mica or some 

2: 1 intergrade minerals in the clay fractions. Mica seems to be 

the precursor of the 2: 1 intergrade minerals. The' presence of 

mica, quartz, and 2: 1 to 2: 2 intergrades have been reported by 

Juang and Uehara ( 1968) on the south slope of the Koolau Range. 

The clay fraction of the Alaeloa soil at site A 1 ( Kool au 

8oys1 Home) ts predominantly kaolinite with some amorphous 

materials. The silt and sand fractions have appreciable amounts 

of quartz, cristobalite, and hematite . 

. The clay fraction of the Alaeloa soil at site A2 ( Kapaa 

Quarry) has large amounts of kaolinite, moderate amounts of 

goethite, and small amounts of amorphous materials. The coarse 

fractions have large amounts of quartz and small amounts of 

kaolinite, hematite, and magnetite. 

The clay fraction of the Lolekaa soil at site Ll ( Kaneohe) 

has appreciable amounts of hydrated halloysite, goethite, and 

amorphous materials. Small amounts of hematite and magnetites 

are also present. The silt and sand fractions have moderate 

amounts of goethite, small amounts of hydrated halloysite 



Table 5. 

2:1 
Oep1h ln1ergr•d• 

cm 
5 S i C 5 

0- 18 - lX -
18- 30 - lX -
30- 52 - lX -
52- 85 - lX -
85-115 - lX -

115-135 - lX -
135-150 lX 
150-170 lX 

0- 14 · • ... -
14- 24 - lX 
24- 40 - ... -
40- 75 - ... -
75-103 - ... -

103-135 - ... -
0- 16 - lX -

16- 36 lX 
36- 63 - lX -
63- '' - IX -
99-130 - lX -

130-160 - lX -
160-1911 IX 

D- 4 - lX -
4- 23 - lX -

23- 62 -
62- 94 -· 94-125 . • 

125-160 -
160-1,0 -

D- 24 - . ... -
24- 52 - lX -
52- 78 - IX -
78-117 - IX -

117-155 - lX • 
155-190 - lX -

D- 11 - ... -
111- 41 ... 
41- 72 - ... -
72-100 - ... -

100-120 - ... -
120-140 - ... -

0- 15 -
15- 35 -
35- 60 -
60- as -
85-115 

115-140 -
140-160 -
160-1,0 -

0- 16 - ... -
16- 28 -
28- 46 -
46- 7' 
76- 99 
99- 142 - ... -

142- 16' ... -

Mineralogical Composition of Sand, Silt, and Clay-Size Fraction 
as Determined· by X-ray Diffraction Analysis* 

Hydrat•d X-re, 
Mic• K..olinite Helfoy .. ile Coerhit• Hern••i•• M•g"erit• Umenile Ou•rt• CriNIOluJite C ibb,Ut• Amo,vh..>u• 
5, C 5 Si C 5 Si C 5 Si C 5 S i C s Si C 5 S i C 5 S i C 5 S i C 5 S i C s Si C 

At•.lo• - Site A 1 ( Kool•!! Boi•' Hom!) 

- lX 4X tr ... lX - - 3X 2X ... - lX Ir IX 
- 2X 4X - .... ... lX - - 3X 2X Ir - lX Ir · lX 
Ir 2X 4X - Ir ... lX - - 4X 2X tr ... lX 

- I : ... 2X 4X ... ... ... · - 4X lX - . .. ... lX 
tr 2X 4X ... ... .... - 4X lX - ... ... lX ... 2X 4X ,. ... ... ... - 4X lX - ... Ir lX ... 2X 4X lX ... ... 4X lX IX ... lX ... 2X 4X ... ... lX - 4X lX - ... ... IX 

Aloeloe - Si1e A2 (K.,..a Quaro:I 
lX ... 1X 4X - 1X - lX 1X - lX - - 4X 3X 1X lX lX 
lX ... lX 4X - 2X - lX lX - lX - - 4X 3X ... lX lX ... ... 2X 4X - 2X - lX lX - lX - - 4X 2X - lX lX ... .... 2X 4X - 2X - lX lX - lX - - 4X 2X - lX lX ... ... 2X 4X - 2X - lX lX - ... - 3X 2X - lX lX ... ... 3X 4X - lX - lX lX - ... - 3X lX - lX lX 

- lX lX 2X ix Lolek•• - Site Ll 
2X 2X lX 2X lX 

!Kan«>he! ... lX - ... lX • lX - 2X IX 2X 
lX lX 2X lX 2X 2X lX lX lX ... lX ... ... - lX 2X lX 2X 
lX lX 2X lX 2X lX lX lX lX ... lX - ... ... - ... 2X lX 2X 
lX lX. 2X lX 2X 2X lX lX lX ... lX - ... ... - ... 2X lX 2X 
lX lX 2X lX 2X 2X lX lX lX ... lX - ... ... - ... 2X IX 2X · 
lX lX 2X lX 2X 2X lX lX lX ... lX - ... ... - ... 2X lX 2X 
lX lX 2X lX 2X 2X lX lX lX ... lX tr ... - ... 2X lX 2X 

lz!J!k!• - li!i11 !.Z !Haili!!! 
tr ... ... ... 2X lX lX 2X lX ... lX lX ... ... - tr tr · IX - 2X ... ... 2X lX lX 2X lX ... lX lX lX - ... - ... ... IX - 2X ... tr 2X lX lX 2X IX ... IX IX · lX - ... - ... ... IX - 2X ... ... 2X IX lX 2X lX ... lX IX lX · • ... - ... ... IX - 2X 

- lX - lX 2X lX lX 2X lX ... lX IX · tr ... - ... IX - 2X 

- IX - IX 2X IX lX 2X lX ... lX 1X ... ... - ... lX - 2X .... lX - ... lX 2X IX lX 2X lX ... lX lX ... . - ... ... - ... lX - 2X 

Pe.am.Ju - Sil• Pl (L.;eJ 
lX ... tr lX - lX lX lX lX 2X lX IX lX - lX 2X - ... lX lX ... lX - lX ... lX 3X - lX .lX lX lX 2X lX lX lX - lX lX • ... ... ... ... lX ... lX 3X - lX lX lX lX 2X lX lX lX - lX lX - ... ... ... IX ... lX 3X - lX lX lX lX 2X lX lX lX - lX lX - ... ... ... lX ... lX 3X - lX lX lX lX 2X lX lX lX - lX lX • ... ... ... ... IX ... lX JX - lX lX lX lX 2X lX lX IX ':" lX lX • ... ... ... lX 

Peumalu - Sile P2 IPuu Kauw-••l 
lX ... tr 2X - lX lX 2X lX 2X lX ... ... 2X - ... lX - lX IX lX - lX 
·1x ... ... 2X - lX lX 2X lX 2X lX ... ... lX - ... IX - ... IX lX - IX ... lX lX - 2X 2X lX 2X lX lX ... ... lX - ... ... lX ... lX - lX ... lX JX - lX 2X lX lX 2X lX ... ... lX - ... ... lX ... lX - lX ... lX JX - lX 2X lX lX lX lX ... ... lX • ... ... ... lX - lX ... lX 3X - lX 2X lX lX lX -lX ... tr lX - ... IX ... lX - lX 

Waikene - ~it! Wl !Kaa1w!II ... - 2X lX JX 2X 2X lX lX lX lX 2X 2X - ... ... - 2X 
lX 2X 4X 2X 2X 2X lX lX lX lX iX - ... Ir - 2X 
1X 2X ,x 2X 2X 2X - IX tX · IX IX tX - ... ... - IX 
lX 2X 4X 2X 2X 2X - lX lX lX IX lX - ... ... - lX 
lX 2X 4X 2X 2X 2X lX IX lX lX lX ... ... ·- lX 
lX 2X 4X 2X 2x lX - lX ... lX lX Ir Ir ... - lX 
lX 2X 4X 2X 2X lX - lX ... lX lX ... ... ... - lX 
lX 2X 3X 2X 2X lX - lX lX IX lX ... ... ... - ... 

Wailcane - Site w2 (Weiaholal 
... ... lX 2X 2X 2X ·1x 2X lX .... ... · 2x - lX lX ... lX - 2X ... ... lX 2X -2X 2X lX 2X ... ... ... - • 2X • lX lX ... lX - 2X 
Ir lX lX 2X 2X lX IX IX 1x· ... - IX - lX lX Ir lX - 2X 
lX IX lX 2X 2X JX IX lX lX tr ... lX lX lX 2X 
lX lX 2X 2X 2X 2X lX lX Ir Ir Ir lX - lX lX - 2X 
lX lX 2X 2X 2X 2X lX 2X lX Ir lX - lX - lX lX - 2X 
lX lX JX 2X 2X 2X IX 2X lX I r lX - lX - ... ... lX 

•s • Send; Si • Sill; C • Cl•Y• IX - L•11• then 1M: 2X • 10 - JDS: lX • 30 - 60i: 4X • Cr••••I" 1han 60I: t,a • traee. 
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Figure 19. X-ray diffraction patterns of the clay, si lt, and 
sand-size fractions in the B22 horizon ( 30-52 cm) from Sit'=' A 1 
and 821 horizon ( 24-40 cm) from Site A2 of Alaeloa soils. 
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Figure 20. X.;..ray diffraction patterns of the clay, silt, and 
sand-size fractions in the i322 horizon { 36-63 cm) from Site Ll 

and 821 horizon { 23-62 cm) from Site L2 of Lolekaa soils. 
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Figure 21. X-ray diffraction patterns of the clay, silt, and 
sand-size fractions in the 321 horizon ( 24-52 cm) from Site Pl 
and 221 horizon (41-72 cm) from Site P2 of Paumalu soils. 



SITE WI 

1· 53 

1· 411 

I 
CLAY 

60 

SITE W2 

1·70 

I 
I 

I.SJ 1.70 

'/'I· 
CLAY I i 

50 

50 

61 
d-SPACING (Al 

2·22 

40 30 20 10 2 

OEGREES 28 

2.22 Z.43 2.69 

40 30 20 10 2 

0EGRE£S 2e · 
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and hematite. 

The mineralogy of the L.olekaa soil at site L2 (Haiku) 1s 

more or less similar to that of the other Lolekaa soil. The 

coarse fractions of this soil contain some gibbsite but lesser 

amounts of hematite. 
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The clay fraction of the Paumalu soil at site Pl (Laie) has 

moderate amounts of kaoiin · and small amounts of goethite and 

hematite. The silt and sand fractions consist of kaolin, goethite, 

hematite, magnetite, and ilmenite. 

The mineralogy of the Paunialu soil at site P2 (Puu Kauwe

weole) is similar to that of the other Paumalu soil except that the 

kaolin may be primarily halloysite. 

The dominant clay mineral in the Waikane soil at site Wl 

( Kaaawa) is kaolinite with ·goethite, hematite, and amorphous 

materials. The coarse fraction consists of halloysite, goethite, 

and some hematite, magnetite, and amorphous . materials. 

The Waikane soil at site W2 ( Waiahole) has less hydrated 

halloysite and more goethite and amorphous materials than the 

clay fraction of the other Waikane soil~ The coarse fractions of 

this soil has some gibbsite. 

There are little or no weatherable minerals in the coarse 

fractions of these soils and these soils thus have low potential to 

release plant nutrients. The mineralogy of the silt arid sand-size 

fractions are similar to that of the clay fraction except in the 
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Alaeloa soils which have quartz in · the coarse fractions. The 

high cation exchange capacity_ in many of the soils are due to the 

presence of amorphous materials and mica or the 2: 1 inter

grades. Amorphous materials also contribute to low bulk density 

values and to the high phosphate fixation. Post erosional volcanic 

activity might have contributed to the appreciable amounts of 

amorphous materials in the Lolekaa and W aikane soils. 

The weathering of clay-size micas and 2: 1 intergrades 

releases K. The rate of K release depends upon the amount, 

stability, and weathering stage of the micaceous minerals. 

Macdonald and .Abbott ( 1970.) reported that hydrothermal 

activity in and around the Koolau Caldera had resulted in the 

alteration of pyroxene into chlorites and quartz. The quartz in 

the silt and .sand-size fractions m the Alaeloa soils are believed 

to be of hydrothermal origin. 

Landscape Parameters 

The landscape parameters, viz., physiography, parent 

material, elevation, slope, drc3:inage, permeability, · rainfall, and 

temperature of the soils of the Windward Oahu study area are 

summarized tn Table 6. · 

The A)aeloa soils occur m fairly low rainfall areas. The 

soil moisture regime ranges from ustic .to udic and may require 

supplemental irrigation, especially for long duration crops. 



Tobie 6. Land scope Parern .. ters of the Humults of Windward Oahu 

S0ri11a Phy11iog1•uphy P11ronl Elo,vulion Slopo Druina90 P1>ran<!obility Annual Mcun Annual 
Materiel nuii1f11II Ton,p. 

m s mm C 

Alooloa Moderately sloop Bosio igneous 30-330 3-70 Well- Modurotoly 890-1525 22,2 
to slo.,p uplands rocks drainBd ropid 

Lolokaa Ne11rly level to Old grovolly 0-160 3-70 Woll- Moderately 1780-2290 22,S 
gontly sloping alluvium and drained rapid 
·1erraces and mod- colluvium of 
erately sloping to basic igneous 
very steep fans rocks 

Paumalu G~ntly sloping to Old gravelly 230-330 3-70 Well- Moderately 1270-1780 22.2 
very steep uplonda alluvium and drained · rapid 

colluvium ol 
basic igneous 
rocks 

Waikane Gently sloping to Alluvium and 60-330 3-70 Well- Moderately 1270-1780 22.2 
very steep alluvial colluvium ol drained rapid 
lens end terraces basic igneous 

rocks 

Soi.area: Foote et al, (1972) 
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The Lolekaa, Paumalu, and Waikane series have udic moisture 

regime. In these soils, raiQfall is well dist.ributed throughout the 

year (Figs. 4 and 5) and the moisture regime is favorable for 

crop production. 

All four soil series have isohyperthermic temperature regime, 

moderately rapid permeability, and good drainage. All of these 

soil properties are favorable for agricultural or engineering uses. 

Slope is one of the dominant landscape parameters that 

influences the use of Humults in Hawaii, in particular, the Wind-

ward Oahu. These Humults occur on varying slopes as steep 

as 70%; their extent in the various slope categories are presented 

in Table 7. ln general, most of these soils occur on slopes 

above 20%. 

Slope characteristics, such as shape, length, direction, and 

pattern, determine the rate and amount of run off, erodability of 

the soil and the usability of agricultural machinery. According to 

Sahara et al. ( 1972), soils with '.5lope5 of less than 10% will 

have minimum difficulty in machine .usage. · Soils with slopes of 

11 to 20% will have increasing _difficulty in their usage. Land 

clearing machinery can be efficiently used on slopes as steep as 

35%. Incidences of landslides are frequent on still steeper slopes. 

For urban usage, provision of roads and other amenities will be 
. . 

difficult and expensive on steep slopes. Out of 11,150 hectares 

mapped as Ultisols only 2,140 hectares are with slopes of less 
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Table 7. 
. 1 

Extent of Tropohumults in Windward Oahu 

Legend Mapping Units Area 

hectares 

AeE Alaeloa silty clay, 15 to 35 percent slopes 620 

ALF Alaeloa silty clay, 40 to 70 percent slopes 1,116 

KgB Kaneohe silty clay, 3 to 8 percent slopes 117 

KgC Kaneohe silty day, 8 to 15 percent slopes 123 

KHMC Kaneohe silty clay loam, 5 · to 15 percent 
slopes 140 

KHME Kaneohe silty clay loam, 15 to 30 percent 
slopes 85 

KHMF K aneohe silty clay loam, 30 to 65 percent 
slopes 162 

KHOF Kaneohe silty clay, 30 to 65 percent · slopes 162 

LoB Lolekaa silty clay, 3 to ~ percent slopes 878 

LoC Lolekaa silty clay, 8 to 15 percent slopes 187 

LoD Lolekaa silty clay, 15 to 25 percent slopes 368 

LoE Lolekaa silty clay, 25 to 40 percent slopes 703 

LoF Lolekaa silty clay, 40 to 70 percent slopes . 688 

PeB Paumalu silty cl~y~ 3 to 8 percent slopes 140 

PeC Paumalu silty clay; 8 to 15 percent slopes 194 

PeD Paumalu silty clay, 15 to 25 percent slopes 257 

PeE . Paumalu silty clay, 25 to 40 p~rcent slopes 221 

PeF Paumalu silty clay, 40 to 70 percent slopes 255 
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Table 7 (Continued). Extent of Tropohumults m Windward Oahu1 

Legend Mapping Units Area 

hectares 

WpB Wai'kane silty clay, 3 to 8 percent slopes 243 

WpC Waikane silty clay, 8 to 15 percent slopes 100 

WpE Waikane silty clay, 25 · to 40 percent slopes 1,610 

WpF Waikane silty clay, 40 to 70 percent slopes 2,325 

WpF2 W aikane silty clay, 40 to 70 percent slopes, 
eroded 331 

WpaE W aikane stony silty clay, 15 to 30 percent 
slopes 125 

11,150 

1 
Source: Foote et al. (1972) 
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than 15% and 1,500 hectares are with slopes of 15 to 35%. The 

steep slope categories and associated properties seriously affect 

the soil potential ratings for various uses. 

Soil Classification 

When soils are properly classified,. they will have maximum 

usefulness in agriculture, engineering, planning and other 

disciplines. Natural relationships among soils, standardized 

n~menclature, and quantitative definitions are used to characterize 

different categories in Soil Taxonomy. Since natural relationships . 

among the soils are used to classify different categories, behavior 

of closely related soils can be predicted from the experience of 

related soils.· Soil Taxonomy incorporates soil properties that 

influence agricultural or nonagricultural uses at different cate

gories and many of the criteria used in classification can be used 

m rating the soils. 

The soil series Alaeloa, Lolekaa, Paumalu and Waikane as 

classified by the SCS, USDA ( 1972), are as follows. 

Alaeloa 

Lolekaa and Waikane 

Paumalu 

Orthoxic Tropohumults, clayey, oxidic, 
i sohypertherm i c 

Humoxic Tropohumults, · clayey, kaolinitic, 
isohyperthermic 

Humoxic Tropohumults, clayey, oxidic, 
isohyperthermic 

Based on the data obtained in this study diagnostic hori zons 
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as well as the classification of these soils are presented in Table 

8. The Alaeloa soils have ~ither ochric or mollic ·epipedon,. 

while the others have either ochric or umbric epipedon. All of 

the soils except the Lolekaa at site L2 (Haiku) have argillic 

subsurface horizons. The subsurface argillic horizons are char-

acterized by increased clay contents when compared with the 

surface horizons. Oriented clays, although poorly expressed, 

are also observed in thin sections of these soils . .. The poor 

expression of clay films in many of the argillic horizons may be 

due to the presence of appreciable amounts of amorphous 

aluminosilicates (Martini and Rajmillo, 1975) . . The Lolekaa soil 

at site L2 has no clay films or oriented clays and has· a cambic 

horizon. 

The Alaeloa soil occurs tn the lower rainfall area than the 

Lolekaa, Paumalu and Waikane soils. The Alaeloa at site Al 

( Kool au Boys' Home) has greater than 35% base saturation at all 

· the depths examined and qualifies for an Alfisol. This soil 

occurs in: the former caldera of the Koolau Range. Hydro

thermal alt~ration oi · ferromagnesiurri minerals may have resulted 

m the high proportion of exchangeable Mg and high base status. 

The Lolekaa soil at site L2 (Haiku) occurs near the Haiku 

post-erosional volcanic vent and is formed from pyroclastic 

materials. The bulk density of most of the horizons are less 

3 
than O. 9 g/ cm . This soil contains amorphous materials, 



Table 8. Diagnostic Horizons and Classification of Eight Soils of Windward Oahu 

Soil . Location Surface Subsurface 
Horizon 

Alaeloa Site Al Ochric 
( Koolau Boys' Home) 

A laeloa Site A 2 Mollie 
( Kapaa Ouarry) 

Lolekaa Site Ll- Umbric 
( Kaneohe) 

Lolekaa Site L2 Ochric 
(Haiku) 

Paumalu Site Pl · Umbric 
( Laie) 

Paumalu Site P2 
(Puu Kauweweole) 

Waikane Site Wl 
( Kaaawa) 

Waikane Site W2 
(Waiahole) 

Umbric 

Ochric 

Ochric 

Horizon 

Argillic 

Argillic 

Argillic 

Cambic 

Argillic 

Argillic 

Argillic 

Argillic 

Subgroup and Family 

Udic Rhodustalfs 
clayey, kaolinitic, isohypertherm ic 

Orthoxic Tropohumults 
. clayey, oxidic, isohypertherm ic 

Typic Tropohum ults 
clayey, mixed, isohyperthermic 

Andie Humitropepts 
clayey, mixed, isohyperthermic 

Typic Tropohumults 
clayey, kaolinitic, isohyperthermic · 

Humoxic Tropohumults 
clayey, oxidic, isohyperthermic . 

Typic Palehumults 
clayey, halloysitic, isohyperthermic 

Typic TropohumuJts 
· clayey, mixed, isohyperthermic 

-..J 
0 



71 

hydrated halloysite, and goethite and is classified as clayey, · 

mixed, isohyperthermic Andi~ Humitropepts. As this soil 1s not 

dominated by amorphous m _aterial s, particle-size modifiers are 

not used to describe the family. 

The Alaeloa soil at site A2 ( Kap·aa Quarry) and the 

Paumalu soil at site P2 (Puu Kauweweole) have low clay activity. 

The Alaeloa soil at site A2 is dry at least in some part of the 

year and classified as Orthoxic Tropohumults. Manana series on 

the leeside of Koolau Range is classified similarly. The -Paumalu 

soil at site P 1 ( Laie) is moist most of the years and is classified 

as Humoxic Tropohumults. The L~ilehua and Paaloa series of 

the leeside of Koolau are also classified as Humoxic Tropohumults 

except that these soils occur m the cooler isothermic temperature 

regime. 

The . Lolekaa soil at site Ll ( Kaneohe), the Paumalu soil at 

site Pl (Laie) and the 'Waikane soil at site W2 (Waiahole) have 

moderate clay activity and are classified as Typic Tropohumults. 

Th~ Waikane soil · at site Wl ( Kaaawa) also has moderate clay 

activity but the clay distribution does not decrease by 20% from its 

maximum, at a depth of 1. 5 m. Accordingly, this soil .ts 

classified as Typic Palehumults. 

The chemical and mineralogical · properties ( Tables 3 and 5) 

and the classification of the same series differ s lightly b e tween the 

two pedons having similar morphology. Analysis of more pedons 
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from each soil series will be necessary to bring out the range in 

characteristics and the central concept of the subgroup and family. 

In general, soils w ·ith moderate clay activity, that is, soils with 

CEC more than 24 meq/100 g ( Typic Tropohumults and Typic 

Palehumults) occur in relatively lower rainfall areas than the 

soils · with low clay activity ( Ustoxic Tropohumults and Orthoxic 

Tropohumults). Under similar acidic environmental conditions, 

Typic Tropohumults or Typic Palehumults will have higher Al 

saturation. These soils require larger amounts of liming material 

to raise the soil pH than the Orthoxic or Ustoxic Tropohumults. 

Previously, Typic Tropohumults or Typic Palehumults were not 

reported tn Hawaii. 

Geomorphic Relationships 

· The Ultisols of Hawaii generally occur on the mountain 

slopes of the older islands of Kauai, Maui and Oahu. · In Wind-

ward Oahu, the5e soil5 occur on · moderately steep to steep 

uplands, nearly level to gently sloping terraces, and gently 

sloping to very steep alluviai fans. Ori the south (leeward) 

slopes of Kool au mountain, Ultisols are bordered by Oxisols at 

the lower stable landscapes and rough mountainous land · at higher 

elevations. ln Windward ·Oahu, the prominent soil series of 

Ultisols; i.e., the Alaeloa, Lolekaa, Paumalu, and Waikane soils 

which occur from Kahuku to Waimanalo and, for the purpose of 
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discussing the geomorphic relationships, are divided into regions 

from (1) Kahuku to Hauula, . (2) Hauula to Heeia, and (3) Heeia 

to Waimanalo. The association of the Humults with the other 

soil groups m Windward Oahu are shown in Figures 23 and 24 

and the locations of four transects are shown m Figure 25. 

Kahuku to Hauula 

The Jaucas soils ( Ustisamments), made up of coral sand~ 

and sea shells deposited by wind and water, occur along the 

beaches. Pearl Harbor soils . (Tropaquepts) are in the poorly 

drained areas along the coast on alluvium overlain with organic 

matter. Kaena soils ( Pelli:i_derts) occur: on the p~orly · drained 

fans and colluvial slopes, while the Waialua soils ( H aplustolls) 

occur on the moderately . drained lowlands. 

The Pauinalu series ( Tropohumults) are on .the uplands ( 230 

to 330 m elevation) from Sunset Beach to Hauula. The· Kemoo 

soils ( Rhodustalfs) occur in areas that have slightly lower 

rainfall. The Paumalu soils are bordered by Kap°'.a series 

( Gibbsihumox) on the mountain side. The Kapaa soils are 

severely eroded and are on steep· lands, gulches, and narrow 

ridges associated with numerous drainage ways. Soils along the 

Paumalu site P2 ( Puu Kauweweole) transect are shown in 

Figure 26. The approximate location of the particular pedon m 

the transect is denoted by an ( x) in the figure. 
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The Waikane and the Lolekaa soils (Tropohumults) occur on 

· moderately steep alluvial fans from Hauula to Heeia. The 

Alaeloa soils ( Tropohumults) are mapped on Mount Puu M aelieli. 

The Hanalei soils ( Fluvaquerits) occur along the stream banks, 

while the Kaw aihapai ( Haplustolls) are found in the low lying 

areas. Soils along the Waikane site W2 (Waiahole) transect are 

shown in Figure 27. 

Heeia to · Waimanalo 

The Hanalei soils occur along the major stream banks. On 

the -other hand, the Pohukupu (Humitropepts), Waialua; and 

Haleiwa soils are mapped along the low lying areas of Waimanalo. 

The Lolekaa is the dominant series from Lolekaa valley to 

Ulumawao. The Waikane or Lolekaa soils occur in the areas 

between Ulumawao and Puu O Kona. The Alaeloa soils occur 

along the lower elevations of Ulumawao and on Olomana at an 

elevation as high as 580 m. The Kaena soils occur on the 

slopes acljoining the Puu O Kona. to Waimanalo. The Papaa 

series ( Chromusterts) occur in the Keolu Hills area. The 

Helemano series ( Haplustox) are mapped around Ulumawao and 

Olomana peaks. Soils along the transects Lolekaa site L2 

(Haiku) and Alaeloa site Al ( Koolau Boys' Home) are shown 

m Figures 28 and 29. 
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In general, when Oxisols and Ultisols occur side by side, 

Oxisols are reported to be or:i geomorphologically old, · thick and 

weathered mantles, whereas Ultisols are found on geomorpho

logically young, shallow, and less weathered mantles ( Buol et al., 

1973, and Lepsch and Buol, 1974). 

Soil Potential Ratings 

Soil survey reports that are tn print describe the limitations 

of soils for various uses. When a soil 1s described as having a 

severe limitation for a crop or for some specific nonagricultural 

use, the farmer or the landowner who already owns the land is 

faced with problems (Davis, 197 5). 

To a certain extent, a particular soil with severe limitation 

can be made productive with proper inputs of management. 

These inputs may be easily ·feasible or . may require much 

technology and cost. 

One of the aims of the Soil ·Conservation Service, USDA, 

therefore, is to take a positive approach, the "soil .potentials" 

approach (Davis, 1975 )'. This approach is to provide the. land 

user with more information about soil behavior so that he can 

better utilize the soil. When the "soil potentials" approach is fully 

developed, the published soil surveys, which will incorporate this 

approach, is expected to become more useful. 

As mentioned in the introduction, one of the objectives of this 



investigation is to propose a method of rating the potentials . of 

soils for specific agricultural .and nonagricultural uses. 

Some of the Existing Approaches to Land Classification 
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The · term "soil" implies a limited body. Thus, it is neces

sary to use the term "land" to cover a larger area .which 

includes not only soil, but also water, biosphere, and other • 

natural resources. In evaluating an area for general or specific 

use, therefore, it is _necessary to judge the suitability of the land. 

Accordingly, some of the existing approaches of land classification 

are reviewed in the following sections . 

. Land-Capability Classification. One of the approaches to 

land classification ts the Land-Capability Classification presented 

by Klingebiel and Montgomery ( 1961). The classification is an 

interpretive groupi·ngs of soils primarily for agriculture. There 

are eight capability classes. Classes l through l V are lands 

suited to cultivation and other uses; Class I with least limitations 

and Class IV with severe limitations. In addition, Classes V 

through VIII are lands with ~imited use, . generally not suited for 

cultivation. Again, Class V has least limitations and Class VIII 

has the most severe limitations. 

The classes are subdivided into lower categories, the sub

class and the capability unit, to accommodate the kinds of 

limitations or hazards (e.g. , erosion hazard, wetness, rooting

zone limitations, and climate) and to g~oup soils that respond 
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similarly to systems of management of common cultivated crops 

and pasture plants. The use ·of the class · and subclass gives the 

limitation and proble~ of th~ soil. For example, a soil classified 

as Class lll ( e) means that this soil has II severe limitations that 

reduce the choice of plants or require special conservation 

practices or both 11 and it is Class III because of the risks of 

erosion ( e). 

There are many kinds of soils. One of the advantages of 

the Land-Capability Classification is that similar soils with similar 

capabilities and limitations are grouped together. Land use plan

ning or interpretations for cultivated crops can thus be made for 

an aggregate of soil mapping units which may .exist within a farm 

or within a larger regional area. · 

On the other hand, grouping of the similar soils may pre

clude the evaluation of a given soil mapping unit. If maximum or 

intensive use of a soil mapping. unit is intended, such a practice 

is not easily possible. Other disadvantages of the Land

Capability Classification appear to be that this . system is primarily 

for agricultu.ral interpretation and that limitations rather than 

potentials are emphasized. 

Storie Index. The Storie Index, introduced by Storie ( 1933) 

and modified several times, is used to evaluate land based on 

factors such as the character of the profile," texture, and soil 

modifying conditions; for example, slope. A multiplicative, rather 
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than an additive, approach is used to show the dominating influ

ence of a limiting factor. T11is approach is approved by many 

(e.g., Sahara et al., 1972; Riquier, 1972) over the additive 

approach which does not seem to emphasize the limiting factor of 

a particular soil. The disadvantage of the Storie Index is the 

repetitive use of characteristics inherent in the soil series in 

calculating the index. Furthermore, this index is developed for 

California soils and requires modification to the procedure if used 

elsewhere. 

Detailed Land Classification Based on Productivity Ratings. 

In Hawaii, the forme.r Land Study Bureau of the University of 

Hawaii prepared a detailed land classification based on produc

tivity ratings . ( Sahara et a_l., 1972). This particular publicati9n 

is for the island of Oahu, but earlier publications by the Bureau 

are devoted to . the other islands, so that in effect, there 1s a 

detailed land classification for the entire State. 

Briefly, the land classification is an evaluation of the produc

tive capacity of the land for ( 1) selected crops and uses 

(pineapple, vegetables, sugarcane, forage, grazing, orchard, 

and· forestry) and ( 2) overall suitability in agricultural use. · The 

former is ·called the Selected Crop Productivity Rating white the 

latter is called the Overall Productivity Rating. · 

The evaluation was made on land type, "a group of agri

cultural lands with similar physical productivities when subjected 



to a given set of cultural practices, owing to similar chemical 

and physical soil properties, . topography, climate and modifying 

features" (Sahara et al., 1972). 

If land types are considered, this method of evaluation can 

86 

be most useful. . The published soil surveys of Hawaii, however, 

give the soil mapping units as the basic units, and because the 

boundaries of the land types and the so.ii mapping units are not 

necessarily the same, there · is some difficulty in comparing the 

two methods. Perhaps, the Modified Storie lnde:x, which 1s· 

used to evaluate the land types, could be used to evaluate the 

soil mapping units, or. conversely, the II soil potentials" approach 

could be used to evaluate the land types. Comparison of the 

results should be interesting and the results may suggest that 

either of the approaches may be suitable for land ·evaluation in 

Hawaii. 

Other Systems of Land Classification. Other systems of 

land classification are reviewed by ·Olson _(1974),- Boyer (1974), 

and Teaci and Burt ( 19?4). These reviews are most useful 

because they provide different ideas on land classification. 

Concept of Soil Potentials 

As indicated earlier, the purpose of the "soil potentials" 

approach is to provide a land user with more information about a 

s oil so that he can b e tte r utilize that s oil. Because s oil and 



landscape parameters differ just as crops differ, the II soil 

potentials" approach by necessity requires a specific calculation 
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for each use, agricultural or nonagricultural. Furthermore, the· 

calculation of the _soil potential for a specific use requires a 

thorough understanding of the ·fundamentals of soil arid crop 

sciences. 

It should be emphasized that the calculation of soil potentials 

1s not easy. In -fact, caution is expressed to the inexperienced 

soil interpreter that substituting prescribed criteria with gtven 

ratings and weightings in a similar fashion for every use could 

lead to misleading interpretation. .The assignment of the weight

ings, the judgment factor, to the ratings for a given criterion of 

a parameter requires more than casual knowledge. It is true 

that thi,s assignment of the weightings may appear subjective, but 

when the judgment is made based on experience, the weighting 

and the rating can _become meaningful in soil interpretation. 

The ideal model for calculating soil -potentials for crops 

should be based on crop yield data, while that for calculating the 

potentials for n?nagricultural · uses should be based on specific 

behavior. Crop yield is .a function of soil, climate, plant, and 

management factors. By experimentation, the parameters that 

influence yield can be determined and statistical treatment, such 

as a .:.egression equation, can be developed to predict the yields 

of crops on soils that have similar properties ·( Silva and 
: 
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Beinroth, 197 5}. Development of such a yield prediction, how

ever, accommodating variations m soil proper.ties as well as 

climate, plant, and management factors, can be highly · expensive 

qnd time~consuming. 

When exact ratings cannot be obtained, the general behavior 

and the data of soils that are similarly classified can be used as 

guides in rating the soils in question. 

A Proposed Approach to the Determination of Soil Potentials 

Several approaches or models can be used to illustrate the 

concept of soil potentials. The additive, subtractive, multiplicative, 

and complex equations, for example, are discussed by Riquier 

( 197 2). Despite the limitations of the additive ( linear additi~e) 

model, this approach will be used 'in this investigation because of 

its simplicity. Later, efforts ·can be made not only to improve 

the choice of parameters and criteria, but also to select reason

able ratings, as well as their weightings, of the criteria. 

Brief Description of the Additive Model. Once the param-

eters, featur~s, or characte_ristics are selected for a rating, the 

sum of the component parameters can be obtained according to 

the procedure suggested by Bartelli and lkawa ( 197 3): 

SPl 
n n 

= E w.1. + E w.J. 
i=l l l j=l J J 
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where S PI = Soil potential index 

W. = Weighting$ associated with parameter 
I 

Ii = Rating or value of parameter I 

(e.g., a noncontrolla.ble parameter) 

W. = Weightings associated with parameter J 
J 

J. = Rating or value of parameter J 
J 

(e.g. , a controllable parameter) 

The. parameters to be used would depend on the potential 

rating being determined for a given use and would be obtained 

from· guides such as the "Guide for Interpreting Engineering Uses 

of Soils" (SCS, 1971) or from selected lists prepared for 

specific uses (e.g., Bartelli et a:l., 1976). 

These parameters, furthermore, ·could be considered as 

being either noncontrollable or controllable ( Uehara and Ikawa, 

1974). The former would be parameters that normally could not 

be altered by man (e.g. , slope, texture, or mineralogy), while 

the _ latter would be . parameters that could b.e altered or managed 

by man (e.g. , soil pH) . 

Assembly of Data. Unpublished and . published data·; for 

example, the data obtained in this study as well as those in the 

published soil survey ( Foote et al., 1972) and in Soil Survey 

Investigations Report 29 ( S CS et al., 1976), could be compiled 

to calculate the soil potentials for selected uses. 

For this s _tudy, only those data that were used to calculate 



the potentials for the production of banana and sweet potato- and 

for dwellings and constructio11 of local roads or streets are 

presented in Tables 9 and 10. The controllable parameters 

( Table 10), unless otherwise indicated, were recalculated for 

the O to SO-cm depth by using the data presented in Table 3. 
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The parameters used for the selected uses are listed in Table 11. 

This table also shows ·that parameters which are not limiting 

factors are not used. For example, for the study site, param

eters such as depth of soil, drainage, and previousness (perme

ability) -are generally the . same or are near optimum for the 

production of banana and sweet potato. 

Calculation of Soil Potentials. Using the procedure proposed 

by Bartelli et al. (1976) as a guide, the lists of criteria, weight

ings, . ratings, and possible scores of the different parameters 

were prepared as Tables 12, 14, 16, and 18. These tables 

were then in turn used to calculate the soil potentials for selected 

uses as shown in Tables 13, 15, · 17, a~d 19 • 

. The method of calculation to obtain the soil potentials for 

selected uses is illustrated by an example for soil mapping · unit 

LoB in Appendix B. 

Based on score percentage, the soil mapping units for each 

use have been rated as being either good, fair, or poor. The 

three-class system of rating soil potentials is · essentially that 

proposed by the Soil Conservation Service. In this study, the 
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Table 9. Summary of the Noncontrolloble and Landi1cape-Par11moter Data of the Humults of Windward Oahu 

Mapping Slope Texture Mineralogy Unilied Shrink- Depth to Depth to Flooding3 Stoniness3 Rockiness 3 

Unit Soil 
1 

Swoll Bodrockl Water 
Croup Potenlial2 "Toblel 

s 111 111 class clas.s 

AoE 15-J5 clay loam oxidic MH Low >1. 5 '>1, 5 Nono 0 0 
ALF 40-70 clay loam oxidic MH Low >1.5 >1. 5 None 0 0 

LoS 3- 8 cloy mixod MH Modorute· >1. 5 >1. 5 None 0 0 
LoC 8-15 cloy 1nixed MH Moderate >1, 5 >1. 5 None 0 0 
LoD 15-25 cloy mixed MH Modorote >1.5 >1. 5 None 0 0 
LoE 25-40 clay mixed MH Modoroto >l. 5 '>1. 5 None 0 0 
LoF 40-70 .,i,.y mixud MH Modol'Qto >1. 5 >1.5 Nono 0 0 

Pcf3 3- 8 clay oxidic MH Low >1.5 >1.5 Nono 0 0 
PcC e-15 ~loy oxidic MH Low >1.5 >1.5 ·None 0 0 
P~·D 15-25 clay oxidic MH Low '>1.5 >1.5 None 0 0 
F.,E 25-40 clay ox.idic MH Low >1. 5 >1,5 None 0 0 
PeF 40-70 clay oxidic; MH Low >1.5 >1. 5 None 0 0 

WpP. 3- 8 clay holloysitic MH Moderate >1.5 >1.5 · None 0 0 
WpC 8-15 clay halloysitic MH Moderate >1. 5 >1.5 None 0 0 
WpE 25-40 cloy ht.tloysitic MH Moderate >1.5 >1.5 None 0 0 
WpF 40-70 clay holloysitic MH Moderate >1.5 >1.5 None 0 0 
WpF2 40-70 clay halloysitic MH Moderate <l,53 >1.5 None 0 1 
WpeE 15-30 stony 

clayl 
halloysitic MH Moderete >1.5 >1.5 None 1 0 

silty 

1011111 from Foote et al, (1972), 

2Es1im111ed data from experimental data ( toxture and mineralogy), 

lEstimated data from soil series descriptions (Foote et al,, 1972). 



-Table 10. Summary of the Controllable Soil and Landscape-Parameter Data 
of the Humults of Windward Oahu 

Mapping Moisture pH . p · 
2 Al Base Organic K 

Unit Regime Fixation Saturation Saturation C Content 

JJ g/g % % % meq/100 g 
A3 83 A B A B A B A B A B 

AeE ustic 5.3 -- . 220 19 --. 29 1. 55 0.34 
ALF II -- ' 5.3 220 19 --. 29 1. 55 0.34 

LoB udic 5.1, 4.8 580, 49, 28 24,· 25 2.09, 2.58 0.33, 0.36 
LoC II 5.1, 4.8 580, 49, 28 24, 25 2.09, 2.58 0.33, 0.36 
LoD II 5.1, 4.8 580, 49, 28 24, 25 2.09, 2.58 0.33, 0'.36 
LoE II 5.1, 4.8 · 580, 49, 28 24, 25 2.09, 2.58 0.33, 0.36 
LoF 11 • 5.1, 4.8 580, 49, 28 24, 25 2.09, 2.58 0.33, 0.36. 

PeB II 4.7, 4.9 -- I 220 25, 3 39, 36 2.96, 2.97 0.34, 0.55 
PeC II 4.7, 4.9 220 25, 3 39, 36 2.96, 2.97 0.34, 0.55 
PcD II 4.7, 4.9 220 25, 3 39, 36 2.96, 2.97 0.34. 0.55 ,. 
PeE II 4.7, 4.9 220 25, 3 39, 36 2.96, · 2.97 0.34, 0.55 
PeF II 4.7, 4.9 ·' 220 25, 3 39, 36 2.96, 2 . 97 0.34, 0;55 

WpB II 5.0, 4.9 735, 61, 33 15, 19 2.45, 2.83 0.21, 0.31 
WpC II 5.0, 4.9 · 735, 61, 33 15, 19 2.45, 2.83 0.21, 0.31 
WpE II 5.0, 4 . 9. 735, 61, 33 15, 19 2.45, 2.83 0.21, 0.31 
WpF II 5.0, 4.9 735, 61, 33 15, 19 2.45, 2.83 0.21, 0.31 
WpF2 II 5.0, 4.9 735, 61, 33 15, 19 2.45, 2.83 0.21, 0.31 
WpaE II 5.0, 4.9 735, 61, 33 15, 19 2.45, 2.83 0.21, 0.31 

1Data from one or two pedons ( 0 to 50-cm soil . depth); Alaeloa data from site A2; first Lolekaa 
data from site Ll; second Lolekaa data from SCS et al. (1976), 

2p fixation with O. 05 ppm P in . soil solution ( 0 to 35-40-cm soil depth} • 

3A • pedon 1; B "" pedon 2. 

I,.() 

N 
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Table 11. List of Parameters Used to Calculate the Potentials 
for . Selected Uses in the Humults of Windward Oahu 

Parameters 

Noncontrollable: 
Slope 
Texture 
Mineralogy 
Unified soil group 
Shrink-swell potential 
Depth to bedrock 
Seasonal water table 
Flooding 
Stoniness 
Rockiness 
Drainage 

Controllable: 
Moisture regime 
pH 
P fixation 
Al saturation 
Base saturation 

Organic C 
K content 

Uses 
Banana Sweet Dwellings Roads/Streets 

Potato 

X 

X 

X 

X 

X 

X 

X 

X 

X . 

X 

X 

X 

X 

X 

X 

X 

X 

· x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table 12. Criteria, Weightings, Ratings, and Possible Scores 
of Parameters· to Calculat.e the Potential for the Production 

of Banana in the Humults of Windward Oahu 

Parameters Weightings! Criteria Ratings 2 Possible 
(W) ( R) Scores 

(W X R) 

Slope 6 0- 8% 5 30 
8-15 4 24 

15-25 3 18 
25-50 2 12 
>so 1 6 

Texture 5 loamy 3 15 
clayey 2 10 

sandy, stony 1 5 

Mineralogy 4 2: 1 minerals; mixed 3 12 
1: 1 minerals, mixed 2 8 

oxides, mixed 1 4 

Moisture 4 udic 3 12 
regime ustic 2 8 · 

aridic 1 4 

pH 2 5-7 3 6 
4.5-5, 7-8 2 4 
<4. 5, >8 1 2 

p fixation 2 <250 µg/g 3 6 
250-500 2 4 

>500 1 2 

Al 2 <35% 3 6 
saturation 35-60 2 · 4 

>60 1 2 

Base 1 >35% 3 3 
saturation 15-35 2 2 

<15 1 1 



Table 12 (Contin~ed). Criteria, Weightings, Ratings, and 
Possible Scores of Parameters to Calculate the Potential 

for the Production of Banana in the Humults 
of Windward -Oahu 
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Parameters W. h. l e1g tings Criteria Ratin1s 2 Possible 
(W) . (R Scores 

(W X R) 

Organic C 1 >3% J J 
1.5-3 2 2 
<1. 5 1 1 

K coritent 1 >1 meq/100 g J J 
0 .1-1 2 2 
<0.1 1 1 

1Low number = least influence; high number = most influence. 

2 Low number = least favorable; high number = most 
favorable. 



Table 13. Ratings and Score Matrix of the Soil Mapping Units to Determine the Potential 
for the Production of Banana in the Humults of Windward Oilhu 

Mapping Noncontrollilble Parameters Controllable Parameters Ov.,ra ll Score and Rilt; ng 
. Unitl Slope Tex!ure Mineralogy Sum ol Score Ratings2 Moisture pH p Al Base O rganic K Sum o f Score Ratings 3 

Scores I Ref,!ime · Fixation Saturation Saturation C Content Scores j 

AeE 18 15 4 37 64 Fair 8 6 6 6 2 2 2 69 71 F<lir 
,k, LF 6 15 4 25 4J Poor Poor 

LoB J.O 10 8 48 84 Good 12 4 2 4 2 2 2 76 79 Good 
LoC 24 10 8 42 73 Good 12 4 2 4 2 2 2 70 72 Fair 
LoD 18 10 8 36 6J Fair 12 4 2 4 2 2 2 64 66 Fair 
LoE 12 10 8 JO 52 Fair 12 4 2 4 2 2 2 58 60 Pc,or 
LoF· 6 10 8 24 42 Poor Poor 

FcB 30 10 4 44 77 Good 12 4 6 6 .J 2 2 79 62 Good 
F.J:::: 24 10 4 38 66 Foir 12 4 6 6 J 2 2 7J 76 Good 
F-..,D 1a 10 4 32 5& F11ir 12 4 6 6 3 2 2 &7 69 Fuir 

' F .. E 12 10 4 26 45 -Poor P..x>r 
FeF 6 · 10 4 20 JS Poor Poor 

WpB JO 10 8 48 84 Good 12 4 2 4 2 2 2 76 79 CooJ 
'.VpC 24 10 8 42 73 Good 12 4 2 4 2 2 2 70 72 Fair 
W;,E 12 10 8 30 52 Fuir 12 4 2 · 4 2 2 2 56 f,O Po.or 
•1;;,F 6 10 8 24 42 Poor Poor 
'N;,F2 . 6 10 8 24 42 Poor Poor 
-W;,aE 18 s · e Jl S4 Fair 12 4 2 4 2 2 2 59 61 Poor 

Maximum 
Scores 
Pouib.le JO 15 12 57 100 12 6 6 6 3 3 J 96 100 

1For dc»cription of mapping units, see Table 20. 

2cood • 70-lOOi; Fair • S0-69i; Poor • . <SOl. 3cood • 75-100%; Fair• 6S-74%; Poor • <65% . 
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Table 14. Criteria, Weightings, Ratings, and Possible Scores 
of Parameters to Calculate the Potential for the · Production 

of Sweet Potato in the Humults of Windward Oahu 

Parameters Weightings! Criteria Ratings2 Possible 
(W) ( R) . Scores 

(W X R) 

Slope 6 0- 8% 5 30 
8-15 4 24 

15-25 3 18 
25-50 2 12 

>SO 1 2 

Texture 5 loamy 4 20 
clayey ( 1: 1 oxides) 2 10 

clayey ( 2 : 1 ) 1 5 

Mineralogy 4 2: 1 miner-als, mixed 3 12 
1: 1 minerals, mixed 2 8 

oxides, mixed 1 4 

Moisture 4 udic 3 12 
regime ustic 2 8 

aridic 1 4 

pH 3 5.5-6.S 3 9 
4.5-5.5 2 6 

<4.5 1 ·J 

P fixation · 1 <250 µg/g 3 3 
250-1000 2 2 

>1000 1 1 

Al 1 <35% 3 3 
saturation 35-60 2 2 

>60 1 1 

Base 1 >35% 3 3 
saturation 15-35 2 2 

<15 1 1 
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Table 14 (Continued). Criteria, Weightings, Ratings, and 
Possible Scores of Par 9meters to Calculate the Potential 

for the Production of Sweet Potato in the Humults 
of Windward Oahu 

. Parameters Weightings1 Criteria Ratings2 Possible 
(W) ( R) Scores 

(Wx R) 

Organic C 1 >3% 3 3 
1.5-3 . 2 2 
<1.5 1 1 

K content 1 >1 meq/100 g 3 3 
0.1-1 2 2 
<0.1 1 1 

1Low number = least influence; high number = most influence. 

2Low number = least favorable; high number = most 
favorable. 



Table 15. Ratings and Scoro Matrix ol the Soil Mopping Units to Determine the Potential 
for the Production of Sweet Potato in the Humults of Windward Oahu 

M.:.pping Ncncontrollable Par nm ewrs Concrollablo Partt.mcters Overall Score anJ Rating 
Unit1 

Slope Texture Mineralogy Sum of Score Rotings2 Moisture pH p Al Base Organic ' K Sum oi Score R&tingsl 
Scoru11 j Regime Fixotion Soturation Satur .. tion C Content Scores % 

A.,E 18 20 4 42 67 Fair 8 6 J J 2 2 2 68 69 Fair 
ALF 6 20 4 JO 48 Poor - Poor 

LoB 30 10 8 48 77 Good 12 6 2 2 2 2 2 76 77 Good 
LoC 24 10 8 42 67 Fair 12 6 2 2 2 2 2 70 71 Fair 
LoD }8 10 8 36 58 Fair 12 6 2 2 2 2 2 64 65 Fair 
LoE 12 10 B 30 48 Poor Poor 
LoF C, 10 8 24 38 Poor Poor 

FeB 30 10 4 44 70 Good 12 6 J J J 2 2 75 76 Good 
PeC 24 10 4 38 61 Fair 12 6 J J J 2 2 69 70 Fair 
FcD 18 10 4 32 51 Fair 12 6 J J 3 2 2 63 64 Poor 
PcE 12 10 4 26 41 Poor ·Poor 
PcF 6 10 4 20 32 Poor Poor 

WpB 30 10 8 48 77 Good 12 6 2 2 2 2 . 2 76 77 Good 
\•:/pC 24 10 8 42 67 Fair 12 6 2 2 2 2 2 70 71 FRir 
WpE 12 10 8 30 48 Poor Poor 
WpF 6 10 8 24 38 Poor Poor 
WpF2 6 10 8 24 38 Poor Poor 
',Vp4E 18 5 B 31 so Fair 12 6 2 2 2 2 2 59 60 P.:,.:,r 

Maximum 
Sc:orc:s 

Fossible JO 20 12 62 100 12 9 J J J J J 98 100 

1For description of mapping units, seo T~ble 20, 

2cood • iO-lOOJ; Feir • 50-69J; Poor • <50J, 3Goou • 7 5-lOOJ; Fair • 65-74J; Poor • <65J. 

/ 



Table 16, Criteria, Weightings, Ratings, and Possible Score·s of Parameters to Calculate 
the Potential for Dwelling Sites in the Humults of Windward Oahu 

Parameters! Weightings2 Criteria Ratings3 Possible Scores 

<YI> ( R) (W X R) 

Slope 3 0- 8% 5 '15 
8-15 4 12 

15-30 3 9 
30-45 2 6 

>45 1 3 

Shrink-swell potential 2 low 3 6 
moderate 2 4 

high 1 · 2 

Unified soil group 2 MH 3 6 
ML 1 3 

Water table 1 >75 cm 3 3 
50-75 2 2 
<25 1 1 

Flooding 1 none 3 3 
· rare, occasional, frequent 1 1 

Drainage class 1 well drained 3 3 
somewhat poorly drained 2 2 

poorly · drained 1 1 

1 For additional information, see Guide for Interpreting Engineering Uses of Soils ( 1971), 
p. 31. 

2Low number = least influence; high number = most influence, 

3Low number = least favorable; high number = most favorable. 
..... 
0 
0 



Table 17. Ratings and ,Score Matrix of the Soil Mapping Units to Determine 
for Dwelling Sites in the Humults of Windward Oahu 

the Potential 

Mapping Slope Shrink- Unified Floe.ding Drainage Water Sum of Score Ratings 
Unit Swell Soil Table Scores % 

Pote.ntial Groue 

AeE1 
9 6 6 3 3 3 30 83 Fair 

ALF 3 6 6 3 ·3 3 24 66 Poor 

LoB 15 4 6 3 3 3 34 94 Good 
LoC 12 4 6 3 3 3 31 86 Good 
LoD 9 4 6 3 3 3 28 77 Fair 
LoE . 6 4 6 3 3 3 25 69 · Poor 
LoF 3 4 6 3 3 3 22 61 Poor 

PeB 15 6 6 3 3 3 36 100 Good 
PeC 12 6 . 6 3 3 3 33 91 Good 
PeD 9 6 6 3 3 3 30 83 Fair 
PeE 6 6 6 3 3 3 27 75 Fair 
PeF 3 6 6 3 3 3 24 66 Poor 

WpB 15 4 6 3 3 3 34 94 Good 
WpC 12 4 6 3 3 3 31 86 Good 
WpE 6 4 6 3 3 3 25 69 Poor 
WpF 3 4 6 3 3 3 22 61 Poor 
WpF2 3 4 6 3 3 3 22 61 Poor 
WpaE 9 4 4 3 3 3 26 72 · Poor 

Maximum 
·Possible 
Scores 15 6 6 3 3 3 36 100 

lFor description of mapping units, Table 20. 
.... 

see 0 

Good = 85-100%; Fair = 7 5-84%; Poor = Less than 75%. 
.... 



Table 18. Criteria, Weightings, Ratings, and Possible Scores of Parameters to Calculate 
the Potential for the Construction of Local Roads or Streets 

in the Humults of Windward Oahu 

Parameters Weighting~! Criteria Ratings2 Possible Scores 
(W) (·R) (W X R) 

Slope 3 0- 8% 5 15 
8-15 4 12 

15-30 3 9 
30-45 2 6 
>45 1 3 

. Shrink-.swell potential 2 low 3 6 
moderate 2 4 

high 1 2 

Flooding 1 none 3 3 
less than once in 5 years 2 2 

more than once in 5 years 1 1 

Drainage class 1 well drained 3 3 
somewhat poorly drai_ned 2 2 

poorly drained 1 1 

Depth to bedrock 1 >100 cm 3 3 
50-100 2 2 

<SO 1 1 

.... 
0 
t-.) 



Table 18 (Continued). Criteria, Weightings, ·Ratings, and Possible Scores of Parameters 
to Calculate the Potential for the Construction of Local Roads or Streets 

in the Humults of Windward Oahu 

Parameters Weightings! Criteria Ratings2 Possible Scores 
(W) ( R) (W X R) 

Stoniness class3 1 o, 1' 2 3 3 
3 2 2 

4, s 1 1 

Rockiness class3 1 0 3 3 
1 2 2 

2, 3, 4, s 1 1 

Unified soil group 1· MH 3 3 
ML 1 1 

1 . 
Low number = least influence; high number = most influence. 

2Low number = .least favorable; high number = most favorable. 

3For class information, see Soil Survey Manual. 



Tablo 19, Ratings and Scoro Matrix qi the Soil M1t1•ping Units to Doturmino the 
lor tho Construction ol Local Road11 or Streets 

Mapping Slope Shrink-Swell Flooding -Drainago Depth to Stoninuss Rockino!IS Uniliud 
Unit Potential Badrock Soil Group 

AuE
1 

9 6 J J J J J J 
ALF J 6 J J J J J J 

LoB 15 4 J J J J J J 
LoC 12 4 J J J J J J 
Lo[) 9 4 J J J J J J 
LoE 6 4 J J J J J J 
LoF J 4 J J J J J J 

PcB 15 6 J J J J J J 
F.,c 12 6 J J . J J J J 
FcO 9 6 J J J J J 3 
P<!E 6 6 J J J 3 3 J 
PcF J 6 J 3 J 3 3 3 

WpB 15 4 J J J 3 J 3 
WpC 12 4 J 3 3 3 J J 
WpE 6 4 J J 3 J 3 J 
WpF J 4 J 3 . J 3 3 3 
WpF2 J 4 3 3 2 3 3 3 
WpaE 9 4 3 ~ 3 3 3 J 

M11ximum 
Scoreo 
Pouible 15 6 3 3 3 3 3 3 

1For description ol mapping units, see Table 20, 
Good • 90-100%; Fair • 80-89J; Poor • Leas than 80% • . 

Potential 

Sun1 ol Score 
Scoros I 

JJ t14 
27 69 

37 94 
34 87 
31 79 
28 71 
25 64 

39 · 100 
36 92 
33 84 
JO 76 
27 69 

37 94 
34 87 
28 71 
25 64 
24 61 
31 79 

39 100 

Ratings 

Fnir 
Poor 

Good 
F,,ir 
Poor 
Poor 
Poor 

Gooa 
GooJ 
Fair 
Poor 
Poor 

Good 
Fair 
Poor 
Poor 
Poor 
Poor 

.... 
0 
.p,. 
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soils are rated poor when the parameters are expected to limit 

crop production seriously or .to cause environmental deterioration 

significantly. The soils are rated fair or good when these 

parameters are moderately favorable or favorabl~ for crop pro

duction or have minimum effect on the environment. In general, 

then, soils that are expected to produce or behave above average, 

average, and below average yield or performance are rated as 

being good, fair, or poor, respectively. It must be emphasized 

that the three-class system is intended to reflect the present 

fertility or behavior of the soils . for a specific use. With manage

ment, soils that are rated as being fair or poor can have a 

higher potential, provided that the noncontrollable parameters are 

not the dominant limiting factor. 

Soil Potentials for Agricultural and Nonagricultural Uses 

-Tables 13 and 15 show the soil potentials for the production 

of banana ·and sweet potato, respectively. In general, soils 

which are rated as being good, based on noncontrollable param

~ters, are al so rated good based on overall rating. Similar 

relationships exist for soils being rated fair and poor. There are 

instances, however, · when a soil rated as being good based on 

noncontrollable parameters is rated overall fair because of the 

influence of ·the controllable parameters. Similarly, · a soil rated 

fair based on noncon.trollable parameters is rated overall 
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good or poor. 

These data, therefore, $how that noncontrollable parameters 

h.ave strong influence on the rating of soils for production of 

banana and sweet potato. Furthermore, the major limiting factor 

for the production of banana and sweet potato in the · Humults of 

Windward Oahu is the steep slope. Such a conclusion was to be 

expected because · the tables of parameters, criteria, and rating 

( Tal?les 12 and 14) placed greater emphasis on the noncontrol-. 

lable parameters. Further study of Tables 13 and 15 shows that 

· soils which are suited for banana are equally suited for sweet 

potato. 

Tables 17 . and 19 show the soil potentials for dwelling sites 

· and for construction of local roads or streets, respectively. As 

shown in these tables and iri Table 11, all of the parameters are 

noncontrollable parameters. In other words, soil potentials for 

nonagricultural uses, as illustrated by this study, are dominated 

by the noncontrollable parameters; Such an observation would 

suggest that soils that are most suited for the production of banana 

and sweet potato ( assuming ·that noncontrollable parameters have 

dominant influence) in the Humults of Windward Oahu would also 

be suited for dwellings and for the co~struction of local roads or 

streets. In some instances, however, soils that are not so well 

suited for these agricultural uses are better suited for these 

nonagricultural uses. 



The soil potential ratings for the production of banana and 

sweet potato and for dwelling sites and for the construction of 
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local roads or streets · i.n the Humults of Windward Oahu are 

presented in Table 20. The approximate ar~as of each mapping 

unit and the Land-Capability classes and subclasses ( Foote et al., 

1972) are also presented in this table. . In the rating system that 

was used in this study, in general, soils with good or fair 

potential for the selected agricultural uses also have similar 

ratings for the selected nonagricultural uses. Also, soils with 

good potential ratings for the different uses correspond to the 

Land-Capability Class II or lII. Soils with 25 to 40% slopes have 

poor potential ratings for the different uses and correspond to the 

Land-Capability Class VI. Soils with slopes of more than 40% 

have poor potentials for different uses and correspond to the 

Land-Capability Class VII. 

Soils with good or fair ratings for banana, based on non

controllable or overall param eter:s; have similar ratings for sweet 

potato. Banana can be grown on comparatively ·ste~per slopes. 

than sweet potato. Banana "is also a lonQer duration crop . 

requiring less tillage operations than sweet potato. On the other 

hand, a sandy loam texture is preferred for the sweet potato for 

the production of better-shaped tubers (deGuess, 1973; Kay, 

19 7 3). In addition, a soil pH of 5. 5 to 6. 5 is desirable for -the 

prevention of certain diseases and for the optimum production of 



Tobie 20. Po,.,nriol Roting• ol the Humults ol Windwnt•d Oohu for Slllocted U 11us 

Soil Mop1,1ing Unir Potcllli"I Roringsl 

S>·mbol Norna ·Area Banana Sw.,ct Potuto Dwelling 
(hccturus} Non- o-.,er- Non- Over-

con. ull con, all 

AcE A lo.-lon silty clny, 1 5-J5 percent 11lopa11 620 F F F F F 
ALF Al<t,•loa silty cl11y, 40-70 pcrcunt 11101,.,s 1116 p · p p · p p 

Lo13 L.t•h•kon silty cl11y, J ... 8 pcr<!1.H1t Nl<.,prs 878 G G c · C G 
LoC Lold,110 >1ihy cluy, 8-15 purcunt ,.101,111& 187 G F F F G 
LoO Lol,•ku.i i.ilty cl11y, 15-25 percont .,J,;,p"s J68 F F F F F 
LuE Lol,•kua silly cl<ty, 25-40 ptirc:ont ulop"s 70J F p p p p 
LoF LoJ.,h,o uilty clo,y, 40-70 percent ,ilo1,1us 688 p p p p p 

PeB P<tumalu silty cloy, 3- 8 percent 11lopas 140 G G G G G 
Ft-C Poum.:ilu 1oilly cl11y,, 8-15 percent slopes 194 F G F F G 
F.,D Paurn1tlu silty cloy, 15-25 purcent slopes 257 F F F p F 

PcE P,,u,rialu >1ilty cloy, 25-40 percent slopes 221 p p p p F 

PeF Paum.ilu silty clay, 40-70 percent slopes 255 p p p p p 

WpB W a;kone silty clay, 3- 8 percent slopes 243 G G G c G 

WpC W oikane silty clay, 8-15 percent •lopes 100 G F F F G 

WpE W uikune sihy cla)•, 25-40 percent slopes 1610 F p p p p 

WpF Waikane silty clay, 40-70 percent slopes 2325 p p p p p 

WpF2 Woikar,e silty cloy, 40-70 percent slopes J31 p p p p p 

WpaE W oikane stony silty cloy, 15-JO percent slopes 125 F p F p p 

1Potential Ratings: G • Good, F • Fair, P • Poor. 2Aher Foote et al. ( 1972). 
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sweet potato ( Kay, 1973). 

The differences in morphological features such as color, 

grade of structure, and thickness of day films are used in differ

entiating the soil series Alaeloa, Lolekaa, Paumalu, and Waikane 

(Appendix A; Foote et al., 1972). Surface horizons of these 

soils have good physical properties and nearly favorable chemical 

properties that are useful for the production of shallow or medium 

-rooted crops. The properties of the surface horizons have a 

great influence in the production of crops (Sopher and McCracken, 

1973). The subsoils have high amounts of extractable Al (Figs. 

13 through 16} and it is difficult to eliminate this· particular element. . . 

Deep-rooted plants with low tolerance may perform poorly on 

these soils. Hence, the exposure of subsurface horizons by 

erosion .or leveling should be minimized. In general, all of the 

four. soil series have similar potentials for the different uses. 

The morphological features used to distinguish these soils or the 

phys_ical or chemical properties as~ociated with these soils do not 

differ significantly in influencing the different uses. 

Within each soil series, ·the texture of the A horizon that is 

used to denote the soil type and the slopes, eroded phases, or 

stoniness that are used to distinguish soil phases affect soil 

potential ratings. . The Alaeloa series, for example, . has slopes 

greater than 15% and ha.s fair to poor potential for the selected . 

uses (Table 20). Similarly, in other soils, slope has a great 
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·influence in determining the potential ratings. In the Waikane soir, 

mapping units with eroded ph?-se and steep slopes have poor 

potential for the selected uses. Similarly, the Waikane stony silty 

clay, 15 to 30% slopes, may have s~fficient stone and may inter

fere with tillage operations and may produce odd-shaped sweet 

potato tubers. Soils of this mapping unit have a fair potential for 

agriculture based on noncontrollable parameters and poor rating 

based on overall rating. 

The approximate areas of Humults with good, fair, and poor 

soil potential ratings are presented in T~ble 21. Of the more 

than 10,000 hectares of Humults in Windward Oahu, less than 

1, 500 and 1,750 hectares are rated good for agricultural and 

nonagricultural uses, respectively. Approximately · an· equal area, 

less than 1, 550 hectares, are rated fair. On the other hand, 

approximately 7,000 to 7,750 hectares are rated poor for the 

selected uses. 

It would be interesting to compare the above results with the 

actual use of the Humults in Windward Oahu. Perhaps a study 

of the recently obtained high· altitude U-2 flight aerial photographs 

which are available at the State of Hawaii Department of Planning 

and Economic Development may be· most useful. 

Areas of Further Research 

The study of the Humults of Windward Oahu showed varying 
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Table 21. Potential Ratings of the · Humults of Windward Oahu 
and Their Approximate Areas 

Uses 

Agricultural 
Banana 

Sweet potato 

Nonagricultural 
Dwellings 
Local roads or streets 

Category 
of Ratings 

Non controllable 
Ove~all 

Non controllable 
Overall 

Overall 
Overall 

Potential Ratings 

Good Fair Poor 

----- hectares 

1,548 
1,455 

1,261 
1,261 

1,742 
1,455 

3,877 
1,532 

1;ss1 
1,469 

1,466 
1,164 

-----

4,936 
7,374 

7,249 
7,631 

7,153 
7,742 
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range in the characteristics. As demand for alternative land 

uses takes place, ·these soils should be mapped in greater detail 

so that refinement of the soil and landscape parameters as well 

as the classification at the lower cat~gories can be attained. 

As more demand for specific land use takes place, there ts 

also a need to refine the method o_f . calculating soil potentials for 

specific uses. When the parameters and their criteria and 

ratings are better identified, model~ other than the additive type 

should be utilized to calculate these soil potentials. Refinement of 

the soil potentials also means that thel".e should be a systematic 

compilation of yield data of different crops in Hawaii. 

As ·soil potentials of different soils become available, there 

should be a rapid displ~y system of soil interpretive maps which 

are easily accessible so that the land users, the - land planners, 

and others can utilize these maps. Examples of computerized 

soil interpretive maps are discussed by Nichols and Bartelli 

(1972) and by Nichols (1975): 



SUMMARY AND CONCLUSIONS 

The Ultisols dominate the sloping eroded .landscape of Wind

ward Oahu, Hawaii. Most of these soils are highly leached and 

contain appreciable amounts of extractable aluminum which influ

ences plant growth. Because · of the high amounts of organic 

carbon in the upper portion of the Bt or argillic horizon, these 

soils are further classified as Humults. The four important soil 

series are the -Waikane, Lolekaa, Alaeloa, and Paumalu soils 

which occupy 4,700, 2,800, 1,700, and 1,000 hectares, 

respectively. They occur in areas with an annual rainfall ranging 

from 900 to 2,300 mm and with an · isohyperthermic temperature 

regime. 

The objectives of this investigation were ( 1) to determine and 

classify the · ·soil and landscape parameters for selected agricultural 

and nonagricultural uses, ( 2) to characterize and . verify the 

classification of the soils of the study area, ( 3) to show the 

geomorphic relationships of the Ultisols with the other soils, ( 4) 

to rate the soils for selected agricultural and nonagricultural uses' 

and ( 5) to identify the ·areas of further research required for 

efficient · interpretation of soil and landscape data for different uses. 

Pedons or profiles of · Ultisols (Hurni.lits) were collected and 

laboratory data were obtained to determine the range in the 

characteristics of the chemical, physical, and mineralogical 

properties. In addition to the problems of soil acidity and soil 
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aluminum, these soils have low · inherent fertility and a high capac:;:

ity to adsorb phosphorus. qn the other hand, in general, they 

have fairly good physical characteristics for crop production. 

The soils are very strongly acidic to strongly acidic, with the pH 

values ranging from 4. 5 to 5. 4. The cation exchange capacity, 

by the sum of ·cations, ranges from 13 to 25 meq/100 g of soil, 

while the base saturation of the surface horizons ranges from 22 

to 45%. This base saturation decreases with qepth. Because 

the subsoils have high proportion of extractable aluminum (as 

much as 12 meq/10~ g) and consequently high aluminum satura

tion ( as much as 88%), crop production on these soils is limited 

to plants that can tolerate appreciable amounts of soil aluminum 

or crop production ca·n be maintained only with proper manage

ment. Survey of literature cites ·many crops which have varying 

degree of tolerance to soil aluminum. Banana and sweet potato 

are two crops which can tolerate such a condition. 

Additional chemical, physical, · and mineral properties were 

determined to verify the classification of the Humults. Although 

only a limited number of mo·rphologically similar pedons were 

collected, the laboratory data suggest a need to study further the 

Humults of Windward Oahu. It is highly likely that some of the 

Humults may need to be reclassified at the lower categories. · In 

general, the Humults of Windward Oahu are Tropohumults with 

some of them tending to have properties of Palehumults. 
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They all are of clayey family, generally with varying mineralogy. 

In gener.al, the Humults pf Leeward Oahu· o.ccur on a sloping 

landscape in association with Oxisols on a lower stable and 

nearly level to level landscape and with· some other soils in the 

higher very steep landscape which includes the rough mountain 
. . 

lands. The Hu~ults of Windward Oahu also occur on a sloping 

landscape but, except in localized areas, they do not occur m 

association with the Oxisols. Associations with lnceptisols, 

,Entisols, Molli sols, and Vertisols appear to be the rule. Expo

sure of Windward Oahu to the Northeast Tradewinds and the 

subsequent effects of erosion is attributed to the occurrence of 

the existing landscape and soil associations and distribution. 

One of the objectives of this. investigation has be~n to rate the 

soils of W:indw.ard Oahu for selected agricultural a~d nonagri

cultural uses. Consequently, a system of determining the soil 

potentials for these uses has been proposed. Potential ratings 

for the p1:oduction of banana and sweet potato were used to illus

trate the system for agricultural uses and ratings for dwellings · 

and · for construction of local · roads or streets were used to 

illustrate the sy.stem for nonagricultural uses. Certain soil and 

landscape parameters which cannot be altered easily by man 

( noncontrollable param~ters) have strong influence or weightings 

than other parameters which can be altered by man ( controllable 

parameters). Various criteria pertinent to the specific uses 
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were rated and evaluated. The results of the ratings suggest 

that much of the Humults, especially those with steeper slopes, 

have poor or fair ratings for the production of banana and sweet 

potato in Windward Oahu. Humults with less steep slopes, how-

ever, have better ratings. The latter soils are limited in extent. · 
. . 

The predominance of Humults with poor and fair ratings are to be 

expected because these soils ( the Ultisols) are by definition highly 

leached soils with low inherent fertility and occur on sloping 

landscapes. The value of · the potential rating system appears to 

be then. in deciding which areas of Humults should be considered 

as "first II choice for a specific use. · 

Similar results of the ratings for dwellings and local roads 

or stre.ets suggest that Humults in areas of steeper slopes have 

poor or fair ratings while those of le.ss steep slopes have better 

ratings. These findings suggest further that in general soils that 

are good or fair for banana and sweet potato are also good or 

fair for dwellings and local roads or streets. 

Although the final decision to use a particular site for a 

specific use will depend on other factors, such as socio-economic 

conditions, the concept of soil potentials can be used as the initial 

step in guiding the land users, land planners, and others in 

evaluating a soil, a parcel of ~and, or an area for a specific use. 

Areas of further research · include the systematic compilation 

of yield . data of specific crops and refinement of the soil potential 
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rating system. There is also a need to display the potential 

ratings especially by means C?f a computerized display system. 

Several systems are in existence but they should easily be 

accessible and up-dated and be subject to modification so that the 

information may be useful not only for general planning, but also 

for specific planning. 

Based on the results of this investigation, the following 

conclusions are made: 

1 . . The Humults of Windward Oahu, Hawaii, have varymg 

ranges in the characteristics of physical, chemical, and mineral-

ogical properties. Based on these properties, the Humults of 

Windward Oahu are not only Orthoxic or Humoxic Tropohumults, 

as presently .classified, but also Typic Tropohumults and Typic 

Palehumults. , Further study ts necessary to confirm the classifi

cation of these soils. 

2. The Humults of Windward Oahu ·occupy an unique place 

m the landscape. Although these ·soils possess low inherent 

fertility, they can still be used for agriculture if crops suited for 

such soils are selected an.cl ·managed properly. 

3. Using the soil survey and soil classification data, a 

proposed system of rating soils for a specific use can be used to 

evaluate the potential. This rating · is based on the inherent 

parameters or properties and does not take into consideration 

economic factors, such as developmental cost, fertilizer cost, 
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nearness to market, etc. 

4. Landscape paramete.rs ( noncontrollable parameters) such 
I 

as slope have strong influence or ·weighting in rating soils. Soil 

paramet'ers ( controllable parameters) such as pH, on the other 

hand, have . less · influence or weighting m rating soils. 

5. The major limiting factor for the production of banana 

and sweet potato in the Humults of Windward Oahu is steep slope. 

6. The Humults of Windward Oahu that are suited for the 

production of banana and sweet potato are also suited for 

dwellings and for the construction of local roads or streets. 

7. Based on the proposed method of rating soils, of the 

more than 10,000 hectares of Humults in Windward Oahu, less 

than 1, 500 · and 1,750 hectares are rated good for agricultural 

and nonagricultural uses, respectively. Approximately ~n equal· 

area, less than '1 , 550 hectares, are rated fair. On the other 

hand, · approximately 7, 000 to 7, 7 50 hectares are rated poor for 

the selected uses. 



APPENDIX A 

Profile Descriptions of Eight Soils of Windward Oahu 

Alaeloa Clay 
( Site Al--Koolau Boys' Home) 

Location: Island of Oahu. Map sheet No. 6 5, Soil Survey of 
Island of Kauai, Oahu, Maui, Molokai, and ~anai, State of 
Hawaii ( Foote et al., 1972). Sample site is pasture just SW of 
'Koolau Boys' Home; 1 km SSE of Kailua High School; and 
approximately 0.6 km ESE of Maunawili School. 

Date of sampling: March 15, 1974. 

Described and collected by: H. lkawa and A. R. Southard. 

Rem arks: Text~res are apparent field textures. Colors are for 
moist soil unless otherwise noted. 

Al O - 18 cm Dark yellowish brown ( lOYR 3/4) clay; 
moderate fine subangular blocky structure; · hard, 
firm, sticky, plastic; many roots; clear wavy 
boundary~ 

821 18 - 30 cm -- Dark reddish brown (2.5YR 3/4) and 

B22t 

B23t 

dark yellowish brown (lOYR 3/4) clay; moder
ate very fine subangular blocky structure; hard, 
firm, sticky, plastic; many roots; very few thin 
clay films on peds and in pores; gradual 
boundary. 

30 - 52 cm -- Dark red ( lOR 3/6) clay; moderate 
very fine and fine subangular blocky and moder
ate fine granular structure; slightly hard, . .friable, 
sticky, plastic; many roots; continuous thin clay 
.films on peds; ... gradual boundary. 

52 - 85 cm -- Dark red ( 10R 3/6) clay; moderate fine 
sub angular blocky and granular structure; 
slightly hard, friable, sticky, plastic; many 
roots; continuous thick clay films on pf:!ds; 
gradu~l boundary. 
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B24t 85 - 115 cm -- Dark red (lOR 3/6) clay; moderate fine · 
sub angular blocky and granular structure j 
slightly hard, friable, sticky, plastic; continuous 
thick clay fiims on peds; few roots; gradual 
boundary. 

B25t 115 - 135 cm -- Dark red (lOR 3/6) clay; dark red 
(2. SYR 3/6) on ped faces; moderate fine and 
medium sub angular blocky structure; slightly 
hard, friable, sticky, plastic; continuous thick 
clay films on peds; few roots; gradual boundary. 

B26t 135 - 150 cm -- Dark red ( 2. SYR 3/6) and olive gray 
( SYR 4/2) clay; moderate fine and medium 
subangular blocky and moderate fine granular 
structure; hard, firm, sticky, plastic; many 
thick clay film~ on peds; gradual boundary. 

827 150 - 170 cm -- A varigated mixture of dark red ( 2. SYR 
3/6) reddish gray ( SYR 5/6) olive ( SY 5/1) 
light· gray ( 7. SYR 7 /8) clay; structure, 
co·nsistence, clay films same as above. 

Alaeloa Silty Clay 
( Site A2--Kapaa Ouarry) 

Location: Island of Oahu. Map sheet No. 65, Soil Survey of 
Island of Kauai, Oahu, Maui, Molokai, and Lanai, State of 
Hawaii ( Foote et al. , 1972). Sample site is south slope of 
Kapaa quarry which is located just ·west o .f Kawainui swamp m 
Kailua. 

Date of sampling: March 4, 1974. 

Described and collected by: H . lkawa and A • R . · Southard. 

Remarks: Textures are · apparent field textures. Colors are for 
moist soil. 

Al O - 14 cm -- Dark reddish brown (SYR 3/3) silty 
clay; strong fine subangular blocky and moder
ate fine granular structure; hard, friable, 
sticky, plastic; many roots; clear, wavy 
boundary. · 
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A12 14 - 24 cm -- Dark reddish brown (2.5 YR 3/4) silty 

B21t 

B22t 

clay; fine and medium subangular blocky struc
ture; hard,. friable, sticky, plastic; many roots; 
abrupt, wavy boundary. 

24 - 40 cm -- Dark reddish brown (2.5YR 3/4) silty 
clay; moderate medium subangular blocky struc
ture; slightly hard, firn:i, sticky, plastic; many 
roots; few thin clay films on peds; clear, wavy 
boundary. 

40 - 75 cm -- Weak r .ed (lOR 4/4) silty clay; moderate 
medium sub angular blocky structure; hard, 
·friable, sticky, plastic; many roots; continuous 
thick clay films on peds and m pores; gradual 
boundary. 

B23t 75 - 103 cm -- Weak red ( lOR 4/4) silty · clay; strong 
fine subangular · blocky structure; hard, friable, 
sticky, plastic; few fine roots; continuous thick 
clay films on peds and root pores; gradual 
bo·undary. 

B24t 103 - 135 cm -- Weak red (lOR 4/4) silty clay; strong 
fine subangular blocky structure; hard, friable, 
sticky, plastic·; continuous thick clay films on 
peds an.cl in root pores; grad~al boundary. 

Cl · 135 - 150 cm -- Weak red (2.5YR 4/2) and gray (7YR 
5/8) saprolytes ~ 

Lolekaa Clay 
( Site Ll--Kaneohe) 

Location: Island of Oahu. Map sheet No. 60, Soil Survey of 
Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of 
Hawaii (Foote et al. , 197 2). Sample site is in banana field on 
the west side of Likelike Highway, . approximately O .1 km SW of 
the intersection of Likelike and Kahekili Highways. 

Date of sampling: April 1, 1974. 

Described . and collected· by: H. lkawa and A. R. Southard. 

Remarks: Textures are apparent field textures. Colors are for 
moist soil. 
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Apl O - 16 cm -- Very dark reddish brown ( lOYR 3/2) 
. clay, strong fine subangular blocky structure; 
hard, firm, . sticky, plastic; many roots; abrupt 
wavy boundary. 

B21 16 - ·36 cm -- Very dark greyish brown ( 10YR 3/2) 
clay, moderate very fine and fine subangular 
blocky structure; hard, firm , sticky, plastic; 
many roots; clear, wavy boundary. 

B 22t · 36 - 63 cm -- Dark grayish brown ( lOY R 4/2) clay; 
moderate very fine and subangular blocky struc
ture; firm, sticky·, plastic; few roots; approxi
mately 5 percent of weathered gravels ( 2-4 cm 
in diameter) with fine pores, low bulk density; 
krotoviana of 9 cm in diameter filled with dark 
grayish brown material occupying part of the 
horizo·n; diffu.se boundary. · 

B23t 

B24t 

63 - 99 cm -- Dark grayish brown ( 10YR 4/ 2) clay; 
moderate very fine and fine subangular blocky 
structure; hard, firm, sticky, plastic; few 
roots; thin clay. films on .peds and on gravels; 
less than 5 percent gravel by volume; gradual 
boundary. 

99 - 130 cm -- Dark grayish brown ( 10YR 4/2) clay; 
moderate very fine and fine subangular blocky 
struchlre; hard, firm, sticky, plastic, few 
roots; very few thin clay films on peds and 
weathered gravels; less than 5 percent gravel 
by volume; abrupt, wavy boundary. 

B25t 130 - 160 cm -- Dark gr~yish brown ( 10YR 4/2) and 
dark yellowish brown ( 10YR 4/ 4) gravelly clay; 
moderate very fine sub angular blocky structure; 
firm, sticky, plastic; few roots; very few thin 
clay films on peels and gravels; gradual 
boundary. 

B26t 160 - 190 cm -- Dark grayish brown (10YR 4/2) and 
dark yellowish brown (10YR 4/4) · gravelly clay; 
moderate very fine and, fine sub-angular blocky 
structure; firm, sticky, plastic; few roots; very 
few thin clay films on peds and gravels; gravels 
can be broken in the hand with difficulty. 
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Lolekaa Clay 
( Site L2-.:.Haiku) 

Location: Island· of Oahu. Map sheet No. 60, Soil Survey of 
Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of 
Hawaii ( Foote et al., 1972). Sample site is in military reser
vation approximately O .1 km west of the headquarters building. 

Date of sampling: April 16, 1974. 

Described and collected by: S . P. Periaswamy, H. lkawa, 
and A. R. Southard. 

Remarks: Textures are apparent field textures. Colors for 
moist soil. 

All O - 4 cm -- Dark brown (lOYR 3/3); strong fine 
subangular blocky structure; very hard, very 
firm, sticky, plastic; many roots; gradual 
boundary. 

A12 4 - 23 cm -- Dark yellowish brown (lOYR 4/4) clay; _ 
strong fine sub angular blocky structure; very 
firm, sticky, plastic; few roots; gradual 

· boundary. 

B21 23 - 62 cm -- Dark yellowish brown ( lOYR 4/ 4) cl.ay; 
moderate very fine and very fine subangular 
blocky structure; firm, sticky, plastic; few 
roots; gradual boundary. 

B22 62 - 94 cm -- Dark yellowish . brown (lOYR 3.5/4) 
clay; moderate very fine and fine subangular 
blocky structure; hard, firm, sticky, pla!:ltic; 
few roots; .few gravels of 1 - 2 cm diameter; 
gradual bo·undary. 

B23 94 - 125 cm -- Dark yellowish ( lOYR 3. 5/ 4) clay; 

· B24 

weak fine _subangular .blocky and granular struc
ture; hard, firm, sticky, plastic; few roots; 
gradual boundary. 

125 - 160 cm -- Dark yellowish brown ( lOYR 3/4) clay; 
weak fine subangular blocky structure; hard, 
firm , sticky, plas_tic; no roots; gradual 
boundary. 
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B25 160 - 190 cm Dark yellowish brown (10YR 3/4) clay; 
weak fine subangular blocky and granular struc
ture; hard, firm, slightly sticky, plastic; no 
rQots; few aark gray ( SYR 4/6) weathered 
gravels up to 10 cm thickness. 

Paumalu Clay 
( Site P 1--Puu Kauweweole) 

Location: Island of Oahu. Map sheet No. ·47, Soil Survey of 
Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of 
Hawaii ' ( Foote et al. , 1972) . Sample site is in military training 
are_a, approximately 2 km SSW of Wai alee • 

. Date of sampling: · April 29, 1974. 

Described and · collected by: H. lkawa and A. R. Southard. 

Remarks: Textures are apparent textures. Colors are for 
moist soil. 

Al 

B2lt 

B22t 

B23t 

0 - 24 cm -- Dark reddish brown ( 2. SYR 3/4) clay; 
strong fine and very fine subangular blocky 
structure; extremely hard, firm, sticky, plastic; 
m c;lny roots; clear wavy boundary. 

24 - 52 cm -- Dark reddish brown (2.5YR 3/4) clay; 
strong fine subangular blocky structure; 
extremely hard, firm, sticky, plastic; many 
roots; many thick dark reddish brown ( 5YR 
3/4) clay films on peds; clear wavy boundary. 

52 - 78 cm -- Dark reddish brown (2.5YR 3/4) clay; 
moderate fine subangular blocky structure; 
extremely hard, firm, sticky, plastic; few roots; 
continuous · thick clay films on peds; diffuse 
boundary . . 

78 - · 117 cm -- Dark reddish brown ( 5YR 3/ 3) clay; 
moderate fine sub angular blocky s ·tructure; 
extremely hard, firm, sticky, plastic; few roots; 
continuous thick clay films on peds; gradual 

· boundary. 
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B24t 117 - 155 cm -- Dark reddish brown (5YR 3/4) clay; 
moderate very fine and fine subangular blocky 
structure; extremely hard, firm, sticky, plastic; 
few roots; continuous thick dark red ( 2. 5YR 
3/6) clay skii:is on peds; few roots; gradual 
boundary. 

B25t 155 - 190 cm . -- Dark reddish brown ( 5YR 3/ 4) clay; 
moderat.e very f!ne and fine subangular blocky 
structure; extremely hard; : firm, sticky, plastic; 
few roots; continuous th'ick dark red ( 2. SYR 
3/6) clay skins on peds; few roots. 

Paumalu Clay 
( Site P2--L~ie) 

Location: Island of Oahu. · Map sheet No. 48, Soil Survey of 
Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of 
Hawaii (Foote et al., 1972) . . Sample site -is south of passion 
fruit orchard, approximately 3 km west of . Laie. 

Date of sampling: ·April 17, 1974. 

Described and collected by: H. lkawa, A. R. Southard, and 
R. C. Bowden. 

_Remarks: Textures are apparent textures. Colors are for 
moist soil. 

A11 

A12 · 

B21t 

0 - 18 cm -- Dark reddish brown (SYR 3/2) clay; 
strong very fine subangular blocky and moderate 
fine granular structure; firm, sticky, plastic; 
many roots; diffuse boundary. 

18 - 41 cm -- Dark reddish brown (SYR 3/2) clay; 
strong very fine subangular and fine granular 
structure; firm, sticky, plastic; few roots; 
cl ear smooth boundary . 

41 - 72 cm -- Reddish brown (SYR 4/4) clay; strong, 
very fine and fine subangular blocky structure; 
very firm, sticky, plastic; few roots; many 
thick clay films on peds; diffuse boundary. 
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B22t 72 - 100 cm -- Reddish brown ( 5YR 4/4) clay; strong 
very fine and fine subangular blocky structure; 
very firm, ~ticky, plastic; few roots; many 
thick clay · films on peds; gradual boundary. 

B23t 100 - 120 cm -- Dark reddish brown (5YR 3/3) clay; 
moderate very fine and fine subangular blocky 
structure; very firm, sticky, plastic; few roots; 
many thick clay films on peds; weathered 
gravels of 2 - 4 cm make up about 10% of this 
horizon. 

B24t 120 - 140 cm -- Dark reddish . brown (SYR 3/4) clay; 
moderate very fine and fine subangular blocky 
structure; firm, sticky, plastic; few roots; 
many thic~ clay film~ on peds; weathered 
gravels of 2 - 3· cm thickness make up about 
10% by volume. 

Cl 140 - 150 cm -- . Saprolyte of · varigated red and yellow 
colors. 

W aikane Clay 
( Site Wl--Kaaawa) 

Location: Island of Oahu. Map sheet No. 57, Soil Survey of 
Islands of Kauai; Oahu, Maui, Molokai,· and Lanai, State of 
Hawaii ( Foote et al~, 1972). Sample site is in pasture m 
valley located approximately 1 ·• 2 km NW of Waikane. 

Date of sampling: March 28, 1974. 

Described and collected by: A . R . Southard, S . P • 
Periaswamy, H. lkawa, and R. C. Bowden. 

Remarks: Textures are apparent textures. Colors are for 
moist soil •. 

Apl O - 15 cm -- Dark reddish brown ( 5YR 3/ 4) clay; 
strong fine subangular blocky structure; hard, 
firm, sticky, plastic; many roots; some mixing 
by burrowing animals; clear wavy boundary. 

B21 15 - 35 cm -- Reddish .brown (5YR 4/4) clay; moder-
ate medium subangular blocky structure; hard, 



B22t 

B23t 

firm, . sticky, plastic; many roots; common, 
moderately thick' clay films on peds and tn 

pores; gra~u~ boundary. 

127 

35 - 60 cm -..:. Reddish bro~n (5YR 4/4) clay; moder
ate medium sub angular blocky structure; hard, 
firm, sticky; common moderate thick clay films 
on the faces of weathered gravels; gradual 
wavy boundary. 

60 - 85 cm· -- Reddish brown ( 5YR 4/4) clay; moder
ate medium subangular blocky structure; firm, · 
sticky, plastic; common moderately thick clay 
films on peds, in pores and many thick clay films 
on the faces of weathered gravels; gradual 
boundary. 

B24t 85 - 115 cm -- Reddish brown (5YR 4/4), yellowish red 
( 5YR 4/8) and dark gray ( 5YR 4/ 1) clay; 
moderate medium subangular blocky structure; 
firm, sticky, plastic; many thick clay films on 
peds, in pores and on weathered gravels; 
gradual boundary. 

B25t 115 - 140 cm -- Reddish brown ( 5YR 4/ 4), yellowish red 
(5YR 4/8), and dark gray (5YR 4/1) clay; 
moderately medium subangular blocky structure; 
firm, sticky, plastic; many thick clay films on 
peds, in pores and on faces of weathered · 
gravels; evidence of precipitated iron oxide in 
vesicles of weathered gravels; gradu~ boundary. 

B26 140 - 160 cm -- Reddish brown ( SYR 4/4), yellowish red 

B27 160 

( SYR 4/8), and dar'k gray . ( SYR 4/1) clay; 
moderate medium subangular blocky structure; 
firm, sticky, plastic; common, moderately thick 
clay films 0n peds, in pores and on faces of 
weathered gravels; evidence of precipitated iron 
oxides in the vesicles of weathered gravels; 
gradu~ boundary. 

190 cm -- Reddish brown (SYR 4/4), yellowish red 
(5YR 4/8), and dark gray (SYR ' 4/1) clay; 
moderate medium sub angular blocky structure; 
firm, sticky, plastic; many thick clay films on 
peds, in pores and on faces of weathered 
gravels. 



Waikane Clay Loam 
(Site W2--Waiahole) 
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Location: Island of Oahu. Map sheet No. 58, · Soil Survey of 
Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of 
Hawaii ( Foote et al., 1972). Sample site is recently cultivated 
field next to road, approximately 1. 6 km west of Waiahole School. 

Date of sampling: March 21, 1974. 

Described and collected by: S. P. Periaswamy, A. R. 
Southard, H. lkawa, and R. C. Bowden. 

Remarks: Textures are apparent textures. Colors are for 
moist soil. 

Apl O - 16 cm -- Dark yellowish brown ( 10YR 3/4) clay 
loam; strong medium granular structure; firm, 
sticky' plastic j many roots j gradual boundary. 

B21 16 - 28 cm -- Dark brown ( 7. SYR 3/2) clay; moder-

· B22t 

·B23t 

B24t 

ate fine granular structure; firm·, sticky, 
plastic; many roots; common moderately thick 
clay films on peds and in pores; clear smooth 
boundary. 

28 - 46 cm -- Brown (7.SYR 4/4) clay; moderate 
very fine subangular blocky structure; firm, 
sticky, plastic; few roots; many moderately 
thick clay films on peds and in pores; clear 
wavy boundary. 

46 - 74 cm -- Very dark brown (7.SR 3/2) clay; 
~oderate very fi.ne and fine subangular blocky 
structure; firm, sticky, plastic; few roots; 
many thick clay films on peds and in pores; 
about five· percent of weathered rocks of differ
ent color; clear wavy boundary. 

74 - 99 cm -- Dark brown ( 7. SYR 3/2) and brown 
( 7. SYR 4/ 4) clay; moderate· very fine and fine 
sub angular blocky structure; firm, sticky, 
plastic; few roots; common moderately thick 
clay films on peds, in pores and on weathered 
gravels; 10 - 15% of volume occupied by 
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weathered gravels ( 1 - 5 cm thickness) of differ
ent colors; diffuse boundary. 

B2St 99 - 142 cm -- Dark brown ( 7. SYR 3/2) and dark 
yellowish brown (lOYR 4/4) clay; motjerate 
very fine and fine subangular blocky structure; 
firm, sticky, plastic; few roots; common 
moderately thick clay films on peds' in pores 
and on weathered gravels; a few weathered 
rocks, 2 - 5 cm thickness (red, gray and 
b~own). 

Cl 142 - 183 cm ~- Auger sample; saprolytes of dark brown 
(7.SYR 3/2) yellowish brown (10YR 5/6) and 
yellowish red ( SYR 4/6) clay. 



APPENDIX B 

lllustration of Calculation of Soil Potential for Banana Production 
·for Soil Mapping LoB ( Table 13) 

1. In Table 13, observe that there are three noncontrollable 
and seven controllable parameters. The first noncontrol
lable parameter is slope tn column 2. Soil mapping units 
are listed in column 1. 

2. In Table 9, note that the slope of the soil mapping unit LoB 
ranges from 3 to 8 percent. Other parameters are also 
listed in this same table. 

3. In Table 12, slopes ranging from O to 8 percent (LoB has 
3 to 8 percent) are rated as 5 (low number is least favor
able, while high number is n:iost favorable). Because slope 
plays a dominant role, it is given a weighting of 6 ( low 
number is least influence, while high number i·s most 
influence). The product of 6 x 5 or 30 is· then entered in 

· Table 13 under column 2. It should be noted from Table 
12 that a product of 30 is also the highest score possible, 
as shown in the last row, column 2, of Table 13. 

4. Similarly, the ratings of the other noncontrollable param
eters, texture and mineralogy, can be determined by 
utilizing Tables 9 and 12, and the scores can be entered 
in Table 13 under columns 3 a·nd 4. Thus, the sum of 
the scores of noncontrollable parameters for LoB is 48. 

5. Assuming the noncontrollahle parameters of LoB to be all 
"most favorable, 11 then, the maximum sum of score possible 
would be (6 x 5) + (5 x 3) + (4 x 3) or 57 (see last 
row, columns 2 through 5, Table 13). 

6. The actual sum of score of 48 can be expressed as percent 
by dividing 48 by . 57 and multiplying by 100 which turns out 
to be 84 percent. 

7. Using a three-class system of good, fair, and poor for the 
ranges 70 ·to 100, SO to 69, and less than 50 percents, 
respectively, the mapping unit LoB, based on the non
controllable parameters, is rated good for banana production. 

8. The c<;mtrollable parameters are next considered to deter
mine the overall ratings, using Tables 10 and 13. 
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9. When all of the controllable parameters are rated the over
all sum of scores ( Table 13) can be obtained by adding 
30 + 10 .+ 8 ( noncontrollable parameters) + 12 + 4 + 2 + 
4 + 2 + 2 + 2 ( controllable para·meters) which turns out to 
be 76. The maximum score possible, as shown in the last 
row again, is 30 + 15 + 12 (noncontrollable parameters) 
+ 12 + 6 + 6 + 6 + 3 + 3 + 3 ( controllable parameters) or 
96. 

10. An overall sum of scores of 76 is 7.9 percent ( 76/79 x 100 
= 79 percent) . According to the three-class system of 
good, fair, and poor for the ranges 7 5 to 100, 65 to 74, 
and less than 6 5 percents, respectively, the mapping unit 
LoB, based on both noncontrollable and controllable 

· paramet_ers, is rated good for banana produc_tion _. 
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