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SOIL CLASSIFICATION 
IN HAWAll 1 

Wade W. McCall 
Soil Management Specialist 

Soils are an important natural resource in 
Hawaii. They form the basis of the agricul
tural economy and are used for urban devel
opment, highway construction, and many 
other purposes in the State. Soil classification 
is based upon certain properties that may be 
measured quantitatively, and determine the 
suitability of the soil for different purposes. 
Each soil is a definite entity that may be 
described, located, and mapped for those 
interested in their use. A recent survey of 
Hawaii soils shows the location of each soil in 
the State. This survey is based upon the new 
Soil Taxonomy System and differs from a 
previous survey completed in 1939 and pub
lished in 1955. 

This circular explains briefly the new sys
tem of classification as it applies to Hawaii 
and shows the relationship between the old 
and new systems of soil classification. The 
information is general in nature but contains 
sufficient detail so that the transition from 
the 1 938 system to the Soil Taxonomy 
System may be made with a minimum of 
effort. 

Soil Classification 

Soils may be classified in many different 
ways such as means of transportation of 
parent materials, stage of soil development 
(young or old), amount of clay, sand,or other 
materials present, etc. In 1 938, a system 
based upon genesis (how the soils were 
believed to have formed) was adopted in the 
United States. The first soil survey of Hawaii 
was made under this system of classification. 
This was a useful system but, as knowledge of 
soils increased, a need was felt for devel
opment of a new system. Many changes or 
approximations were made until the adoption 
of the Seventh Approximation in 1960. Fur
ther changes and refinements were made in 
this system until the adoption of the Soil 
Taxonomy System late in 1970. Further 
changes or refinements will be made as 

1 n,e information in this circular is based upon "Soil Taxon
omy," U.S. Department of Agriculture Handbook 436, U.S. 
Government Printing Office, Washington, D.C. 

2n,e diagnostic horizons are defined in Appendix A. 

required and as further knowledge of soils 
develops. 

The new Soil Taxonomy is based upon soil 
properties that may be measured quantita
tively. It has several advantages over the 1938 
system.

• Classification is based upon soil prop-
erties rather than soil-forming pro
cesses. 

• It focuses upon the soil rather than 
related sciences such as geology. 

• Properties of the soil may be mea
sured quantitatively and verified by 
others. 

• Names used give a definite clue to the 
major characteristics of the soil. 

• It permits the classification of soils of 
unknown genesis, since only knowl
edge of soil properties is required. 

• It provides more uniform classifica
tion by a group of scientists. 

This system does not ignore soil genesis but 
rather emphasizes measurable soil properties 
as a basis for soil classification. Soil depth, 
moisture, temperature, texture, structure , ca
tion exchange capacity, base saturation, clay 
mineralogy, organic matter content, and pre
sence of oxides of iron, aluminum, and. salts 
are some of the properties used to classify 
soils. 

Perhaps the most significant of the proper
ties used to identify soils, in this system, is 
the presence or absence of certain soil hori
zons. These are known as diagnostic horizons 
as they are used to help classify the soil. Some 
are surface horizons and some are subsurface 
diagnostic horizons. The diagnostic surface 
horizons are known as epipedons from the 
Greek words epi for over and pedon for soil. 
The epipedon includes the upper part of the 
soil darkened by soil organic matter, the 
upper eluvial horizons, or both. Four diagnos
tic surface horizons are found in the soils of 
Hawaii: histic, rnollic, ochric, and umbric. 
Diagnostic subsurface horizons found in the 
soils of Hawaii are argillic, spodic, cambic, 
and oxic. In addition, a number of subsurface 
horizons have accumulated such as the calcic 
horizon. Also, duripans, fragipans, and placic 
horizons, which restrict water movement and 
root penetration, are present in some soils. 
Each horizon or layer has a distinctive prop
erty or properties that help place a soil in its 
proper category of classification.2 



Categories of Classification 

There are six categories in this system of 
classification: 1) order, 2) suborder, 3) great 
group, 4) subgroup, 5) family and 6) series. 
Mapping units of soils are known as phases of 
series. 

Order is the highest category of classifica
tion in the system. It is based upon morphol
ogy and the presence or absence of the 
diagnostic horizons or features that are char
acteristic of kinds and intensities of soil
forming processes. There are 10 orders of 
classification in this system, and all are found 
in Hawaii. These will be discussed in greater 
detail later. 

Suborder is a subdivision of an order that 
emphasizes genetic homogeneity. These fac
tors are differentiated primarily on the basis 
of soil properties resulting from the influences 
of soil moisture and soil temperature. There 
are 47 suborders recognized at the present 
time; 21 of these are found in Hawaii. 

Great group is a subdivision of a suborder. 
It is based upon diagnostic horizons or other 
soil features. There are 225 great groups 
identified at present. These are approximately 
equivalent to the great soil groups of the 1938 
system of classification and are given later in 
this discussion to indicate the placement of 
the soils in Hawaii in the new Soil Taxonomy 
System and the 1938 system. These are found 
in the discussion of soil orders and in Tables 1 
and 5. There are 38 great groups identified in 
Hawaii. 

Subgroup is a subdivision of a great group. 
Each great group is generally divided to show 
its central or typical concept, an intergrade 
toward another great group, or divided ac
cording to properties that prevent it being 
placed in the typic or intergrade classification 
for the great group. There is no estimate of 
the number of subgroups in the system. There 
are 73 subgroups found in Hawaii. 

Family is a subdivision of the subgroup 
based upon the factors that affect plant 
growth or engineering properties of the soil. 
This includes such properties as pH, texture, 
mineralogy, soil temperature, etc. No estimate 
of soil families in the system is available, and 
no estimate has been made for Hawaii. 

Series is the most specific category of the 
classification system. It is based upon the 
characteristics of the soil below the plow 

layer and is essentially the same as for the 
1938 system. Names of soil series are taken 
from the names of prominent rivers, towns or 
areas where first identified. There are more 
than 12,000 soil series in the United States, 
and 190 series identified in Hawaii. 

Nomenclature 

Names used to identify classification units 
are combinations of syllables, mostly derived 
from Greek and Latin, that are the root words 
of several modern languages. Each part of a 
soil name conveys a concept of soil character
istics and automatically describes the kind of 
soil being considered. 

Order names are combinations of formative 
elements that generally define the characteris
tics of the soils and the ending sol. For the 
names of the 10 orders, see Table 2 and the 
later discussion of these orders. 

The name3 of the suborder automatically 
identifies the order of which it is a part. It 
identifies the moisture regime4 or other soil 
conditions of the suborder. 

The name of the great group automatically 
includes the name of the suborder ( which 
includes the name of the order) plus a 
modifying term to indicate soil conditions of 
the great group. 5 

The subgroup name includes the name of 
the great group and indicates whether it 
belongs to the typic concept or is an inter
grade toward another great group. It may also 
indicate the presence of a horizon of accumu
lation or restriction which prevents the classi
fication as typic or intergrade. 

Nomenclature might be illustrated as fol
lows. 

Order: Oxisol-deep, highly weathered soil with oxic 
horizon. 

Suborder: Orthox-the common Oxisol. 
Great group: Eutrorthox-high base saturation for the 

Oxisol. 
Subgroup: Tropeptic Eutrorthox-an Eutrorthox that 

intergrades to the hot dry Inceptisols. 

If only the subgroup name is given, the 
great group, suborder and order may be easily 
determined. 

3For the formative elements and their connotation for sub
groups, see Table 3. 

4Moisture regimes are defined in Appendix B. 
5For the formative elements and their connotation for great 

group, see Table 4. 
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The greatest areas of Histosols in Hawaii are of the nature of 
the one at right above ... a thin layer of leaves, twigs and other 
organic residues overlying lava rock (rock begins at point of 
knife). 

Papaya growing on an area classified as Histosols (iower). 
Note that most of the original matter has disappeared after 
land preparation for crops. 

The family name of the above soil mav be: 
clayey, oxidic, isohyperthermic. 6 The fam
ily name indicates that the texture is very 
high in clay of the oxide type; the soil 
temperature is greater than 72 F (22 C) and 
varies less than 9 F (5 C) from mean summer 
to mean winter temperatures. 

The specific soil series here is "Puhi." In 
any iocation where this series is found, all of 
its characteristics will be the same except the 
texture of the surface horizon. The series 
name does not indicate family or any other 
category to which this soi l belongs. Therefore , 
when soils are named, the series, family and 
subgroup names are normally given for com
plete identification. The complete nomencla
ture for soils of Hawaii is given in Table 5. 

Histosols 

Histosols are soils that are dominated by 
organic matter. They consist of 20 percent or 
more organic material in sandy materials, or 
32 percent or more (by weight) in clay 
materials. They also are those organic layers 
overlying rock or mixed with the interstices in 
fragmental material. Most of the Histosols of 
Hawaii are of the latter type, overlying 
extensive areas of pahoehoe or aa lavas. These 
consist of leaves , twigs, roots or other plant 
parts, in all stages of decomposition , lying on 
top of the lava or mixed with the fragmental 
surface of the aa lava. Most of these are rocky 
due to the underlying lava outcropping at the 
surface. These organic residues are the result 
of well-distributed, high rainfall that favors 
the accumulation of the residues from ohia, 
tree fern, and other vegetation growing on the 
lava lands. 

Most areas now classified as organic soils 
were originally classified as Lithosols or rock 
materials where no soil formation had oc
curred. However, under the new Soil Taxon
omy System they are classified as Histosols. 

6soil temperature regimes are defined in Appendix C. 
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Some areas of Histosols were classified as bog 
soils in the 1938 system. 

Some organic soils in Hawaii occur in 
depressions in the craters of old volcanoes 
where water is held and the plant materials do 
not decompose. Still others form at higher 
elevations where cloud cover keeps materials 
moist and prevents the decomposition of 
plant materials. The largest area of these is in 
the Alakai swamp on top of Mt. Waialeale on 
Kauai. Another area is on top of Mt. Kaala on 
Oahu ; other areas occur elsewhere in the 
State. 

There are two great groups of Histosols in 
Hawaii. The Tropofolists consist of the organ
ic soils on lava and the Troposaprists consist 
of the other areas . Large areas of both great 
groups are mixed with other soils, such as the 
Hydrandepts, and are not separated on the 
soil maps but are mapped as a complex of 
these soils. 

Tropofolists are used for pasture, macada
mia orchards, wildlife and recreation , espe
cially for hunting wild pigs. The Troposaprists 
are used mainly for water supply and wildlife. 

Spodosols 

Spodosols have a spodic horizon that con
sists of amorphous mixtures of aluminum and 
organic matter, with or without iron . In 
Hawaii, there is sufficient iron present in the 
parent materials so that the spodic horizon 
always has a high iron content. These are 
mineral soils containing less than 20 percent 
organic matter. 

Spodosols in Hawaii occur in areas of high 
rainfall, generally have a high organic content 
in the surface, are relatively shallow, and have 
a cemented spodic horizon. These generally 
occur at higher elevations. 

Only the Tropaquods great group is found 
in Hawaii. Only one soil , the Waialeale mucky 
silty clay loam, is mapped in the State. This 
occurs on Mt. Waialeale on Kauai and is used 
for water supply and wildlife. An area of 
Tropaquods occurs on Molokai on top of the 
East Molokai Mountain; part is used for forest 
and part has been cleared for pasture . This 
area is mapped but has not been given a soil 
name. Other areas of Tropaquods occur, 
mixed with Hydrandepts , on Maui. These 
have been mapped as Hydrandepts-Tropa
quods complex and the soil is not named. One 
area occurs on the wet windward slopes of 
Haleakala and is used primarily for wildlife ; 
some may be used for hunting, but vegetation 
and slope make the area practically inacces
sible for use. Another area occurs on the 
upper slopes of West Maui. The land use is the 
same as the area on Haleakala. 

Oxisols 

Oxisols are the most highly weathered soils 
in the classification system. They contain an 
oxic horizon composed of nonweatherable 
minerals. Much of the silicate has been re
moved from the oxic horizon although there 
are usually some of the I : 1 type silicate clays 
present in this horizon. The oxic horizon is 
dominated by oxides of iron and aluminum. 
The clay content of these soils is very high, up 
to 90 percent in some Hawaii soils, but of the 
non-sticky type. The Oxisols of Hawaii, being 
derived from basaltic rocks of alluvium, are 
composed primarily of kaolinite, and the 
oxides of iron, and aluminum, and, in some 
cases, manganese, and titanium. There is also 
evidence of very small amounts of quartz , 
especially in the surface horizons, which may 
be aeolian in origin. Organic matter can range 

Oxisols are highly productive soils when properly managed. These lands are used for sugarcane and pineapple production. 
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from 3 to 8 percent in the solum. 
Oxisols occur on the old surfaces of the old 

volcanoes on all islands except the Island of 
Hawaii. They occur on relatively gentle, stable 
slopes where weathering has proceeded to 
great depth, producing a thick mantle of 
material. These soils are nearly featureless with 
poorly differentiated horizons which are diffi
cult to detect visually . Due to the gradual 
change with depth, an arbitrary limit of 2 
meters (80 inches) has been established as the 
lower boundary in most cases. 

Oxisols have high permeability , leaching 
of soluble plant nutrients , and moderate 
water retention ability. They have very stable 
structural aggregates so that it withstands 
severe mechanical manipulation with very 
little detrimental effect. High permeability 
and stable structure coupled with relatively 
gentle slopes make for high resistance to ero
sion when cultivated. This does not mean 
that Oxisols may be abused without causing 
erosion, but it will not be as serious as it 
would 011 other soils under the same con
ditions. 

Oxisols have low natural fertility due to the 
high degree of weathering and removal of most 
plant nutrients. They have the capacity to 
"fix" large amounts of added so luble phos-

phate fertilizers. However, these phosphates 
are not as tightly held as in many other soils. 
so that plants may obtain the phosphates over 
a long period of time. Heavy applications of 
phosphate fertilizers may cause the reduction 
in availability of many of the micronutrients, 
especially zinc. They may have relatively high 
levels of manganese oxides which cause the 
deficiency of iron, although the soil may have 
as much as 28 percent iron present. They often 
have relatively high levels of titanium oxides 
which somewhat reduce suitability for crop 
production. Oxisols are low in bases, have 
relatively low lime requirement for crop pro
duction and have relatively low cation ex
change capacity. However, when Oxisols are 
managed properly they are among the most 
productive soils in Hawaii. 

There are nine great groups of Oxisols found 
in Hawaii: Acrohumox , Gibbsihumox , Acror
thox. Eutrorthox , Gibbsiorthox , Umbrior
thox , Eutrustox , Haplustox and Torrox . Ac
rohumox is the most highly weathered Oxisol. 
It has low cation exchange capacity and often 
has anion exchange capacity in the oxic 
horizon . Gibbsihumox has gravel-sized aggre
gates that may be cemented with gibbsite 
(more than 30 percent) within 25 cm ( 10 
inches) of the surface. Both Acrohumox and 

\ 

Oxisols are highly weathered deep soils. Changes in soil are gradual so that differences in profile are difficu lt to distinguish. 
This exposure is 6 feet deep. 
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Gibbsihurnox have relatively high organic 
matter in the surface and are found in higher 
cooler elevations. Acrorthox has low cation 
exchange capacity, is highly weathered , has 
low base saturation and appears to have no 
structure in the oxic horizon. However, when 
observed under a hand lens, a highly devel
oped rnicrostructure can be seen. Eutrorthox 
has greater than 35 percent base saturation 
and more than 1.5 meq/ l 00 g clay of cation 
retention capacity. Gibbsiorthox has gravel
sized aggregates cemented by gibbsite within 
25 cm of the surface. Umbriorthox has more 
organic matter than the other great groups in 
the Orthox suborder. Orthox great groups are 
all ·lower in organic matter and formed under 
drier climate conditions than Humox great 
groups. Eutrustox has 50 percent base satura
tion and more than 1.5 meq/ I 00 g clay cation 
retention capacity. Haplustox has lower ca
tion exchange and lower base saturation than 
Eutrustox. These two great groups of the 
Ustox suborder are developed under extended 
periods of dryness , although there is a rainy 
period of at least 90 consecutive days each 
year. Torrox is found where extended dry 
periods occur and requires irrigation for use. 
They are apparently remnants from former 
periods of rain indicating a major change in 
climate since these soils were formed. 

These groups are used for sugarcane, pine
apple, pasture and urban development. They 
are excellent soils for agricultural use when 
properly managed , producing some of the 
highest yields of sugar of any soils in the 
world. These soils are well suited for any type 
of agricultural enterprise. 

Oxisols were classified as Low Humic Lato
sols, Humic Latosols, and Humic Ferruginous 
Latosols in the 1938 system. 

Vertisols 

Vertisols contain sufficient amounts of 
expanding type clays to cause deep wide 
cracks to form in the soil during dry periods. 
While these cracks are open , some loose 
material from the surface may fall into them. 
When rains first fall, water will run into these 
open cracks,causing the clays at the bottom of 
the cracks to swell and force their way 
upward through the open crack; this gives the 
inversion effect of these soils. Mounds of 
various sizes occur where this swelling has 

Cracks in Vertisols are open for 90 days or more each year. 
Some cracks extend to a depth of 40 inches (l meter). 
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taken place, causing what is known as "gil
gai". As this mass of soil slides upward 
through the crack, it places pressure upon the 
other soil causing "slickenslides." This pres
sure also causes the soil aggregates (structural 
units) to be tipped from the horizontal. These 
characteristics are used to identify this order 
of soils. 

Vertisols develop from parent materials 
high in bases. In Hawaii, the major parent 
material is the basic igneous rocks that pro
vide the bases found in the soil. The disper
sion of organic matter gives a dark color to 
the soil even though the actual amount of 
organic matter is low (generally less than 2 
percent) . The presence of magnesium in the 
environment of these soils in Hawaii has led 
to the formation of expanding clays with a 
greater degree of expansion than in most 
Vertisols. This causes deeper and wider crack
ing and greater dispersion of organic matter. 

There are four great groups of Vertisols in 
Hawaii : Chromusterts, Pellusterts, Pelluderts, 
and Torrerts. Some Vertisols are found on all 
islands of the State. The cracking occurs 
during dry periods unless the soils are irri
gated. Cracks remain open less than 90 days 
each year in Pelluderts, to more than 150 
days in Chromusterts, to closed less than 60 
days in Torrerts. Generally , Torrerts do not 

develop the gilgai characteristics as they are 
too dry for most of the year. Cultivation 
and /or irrigation destroys this characteristic in 
the other great groups. These soils are used 
for vegetables, sugarcane , pasture and wildlife. 
On Oahu where urban pressure is great. many 
areas are used for urban developm ent. This is 
poor usage as the shrinking and swelling 
characteristic causes foundations and pave
ment to crack and pipelines to rupture . Under 
certain conditions of moisture and slope , 
these soils begin to creep , causing severe 
structural damage to homes, roads , etc . 

These soils were classified as Dark Magne
sium Clays , Gray Hydromorphic and Low 
Humic Latosol in the 1938 system. 

Aridisols 

Aridisols are soils of the deserts. Inade
quate moisture is received for plant growth, 
and accumulations of calcium carbonate or of 
other soluble materials occur. These mineral 
soils show little influence of moisture in the 
soil profile, although some movement of clay 
into the subsurface may have occurred. Aridi
sols generally have low organic matter con
tent, especially in the surface horizon, al
though those in Hawaii are higher in organic 
matter than most Aridisols. 

Vertisols are poor soils for engineering use, especially on steep areas. Slides in this area of Vertisols have damaged buildings and 
sidewalks. 
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Salinity is a problem in some Aridisols. This Salorthid shows salts on the surface of the soil. Such areas usually have no vegetation 
except salt brush which grows under saline conditions. 

Aridisols formed in Hawaii are found where Ultisols and Oxisols usually occur in close 
rainfall is very low. Two great groups are association with each other in Hawaii and 
found: Camborthids and Salorthids. occupy older land surfaces. Ultisols occur on 

Salorthids have an accumulation of soluble the steeper slopes, the more eroded sur
salts in the profile and are found on sediments faces, and are not as extensive as Oxisol, 
that have water within 1 meter of the surface occupying approximately one-half as much 
at least 1 month of the year. These soils land area. 
present problems for plant growth due to the Tropohumults are the only great group of 
relatively high salt content in the soil. The Ultisols in Hawaii. These soils are well 
soils are found on leeward coastal areas of drained , humus rich, and generally highly
Molokai and Maui. Camborthids have formed colored, usually red but may be yellow. They 
in volcanic ash on the Island of Hawaii, with are found in mountainous areas or along
light-colored surface horizons over an altered the edges of deep canyons or valleys of the 
horizon which is redder than the surface. State. They occur in the intermediate rainfall 
They have high base saturation but no free areas (50 to 90 inches) usually on the 
carbonates. Camborthids are used for pasture windward side of the Islands. Ultisols of 
on the Island of Hawaii, and for pineapple, Hawaii contain relatively thinner argillic hori
pasture, wildlife, and recreation--especially for zons and lower cation exchange capacity than 
hunting on Molokai. With the availability of Ultisols from other areas of the world. Tropo
water, more of the soil on Molokai is likely to humults intergrade toward Oxisols in Hawaii. 
be used for pineapple. They are very stable, have good water in

These were classified as Low Humic Lato filtration rates, while soluble nutrients tend 
sol, Red Desert, and Salty great soil groups in to leach. They have low to moderate 
the 1938 system. natural fertility but are very responsive to ..Ultisols good soil management. They are generally 

Ultisols are highly weathered soils and have cultivated except where slopes are too steep 
a horizon that contains translocated silicate for the use of machinery. Erosion is a 

greater problem on Ultisols than on Oxisols. clays and a low supply of bases. The translo
These soils are used for sugarcane, pineapple, cated clays accumulate in the argillic horizon. 
vegetables, orchard crops, pasture, and urban However, there are weatherable minerals (mi

cas, feldspars, etc.) present in these clays, development. The soils in the steeper areas are 
indicating that Ultisols are not as highly used for wildlife and recreation. 
weathered as Oxisols. These soils contain These soils were classified as Humic Lato
fewer bases (less than 35 percent base satura sols, Humic Ferruginous Latosols, and Low 
tion) than Alfisols. Humic Latosols in the 1938 system. 
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Pasture on soil classified as Ultisols on the relatively smooth surfaces. These soils are associated with deep gullies and gulches. The 
lnceptisols-Spodosols complex occurs at the highest elevation in the background. 

Molliso ls 50 cm (20 inches) of the surface, and these do 
not have a calcic horizon present. Others

Mollisols are dark-colored , base-rich miner intergrade toward Oxisols having more of the
al soils. All have a mo Ilic epipedon relatively free oxides of iron and aluminum present in 
high in organic matter. This surface horizon them . All Haplustolls have pronounced dry
generally has either a granular, or crumb 

periods requiring irrigation for crop produc
structure, and is not hard when dry . Most 

tion . Mollisols have developed under grass vegeta
Mollisols are excellent agricultural soils in 

tion, although some may have had forest 
Hawaii. They have good natural fertility

cover. Mo\lisols differ from Ultisols in having 
although this varies according to· weather 

a mollic epipedon and high base saturation 
conditions, organic content, and calcium car(not less than 50 percent) in any subsurface 
bonate content of the individual soils. Howhorizon . Ultisols generally have lower base 
ever, they are among the most fertile andsaturation (less than 35 percent) and other 
productive soils of the State. They are usedsurface horizons, although they may also have 
for sugarcane, pineapple, vegetables, pasture,

the mollic surface horizon. 
and wildlife. 

There are three great groups of Mollisols in Mollisols were classified as Low Humic
Hawaii: Haplaquolls, Calciaquolls, and Haplus Latosols, Gray Hydromorphic, Alluvial , Red
tolls. There is only one soil each in Hapla dish Brown, or Red Desert soils in the 1938 
quolls and Calciaquolls great groups. These system.
soils differ from other Mollisols in Hawaii by 
being wetter and having thicker darker surface 
horizons higher in organic matter. The Hapla
quolls have no calcic horizons (no accumula
tions of calcium carbonate) and are moderate
ly deep soils. Calciaquolls have high calcium 
carbonate throughout the profile and a calcic 
horizon within 40 cm ( I 5 inches) of the 
surface. Due to the calcareous nature of the 
profile, iron chlorosis is common on plants 
growing on the soil. Haplustolls are drier than 
either Haplaquolls or Calciaquolls. Some are 
aridic in nature, low in organic matter, and 
have calcic layers closer to the surface , and 
where clay conten-t is high will crack open for 
180 days, or more, each year. Some have more 
moisture, more organic matter, less calcium 

Mollisols are used extensively for vegetables and other crops
carbonate, and the calcic layer is deeper in the where irrigation is available. Where irrigation is not available, 

,soil. Some are thin soils, having rock within they may be used for grazing. 
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Alfisols 

Alfisols have moderate to high base satura
tion and sufficient water for plant growth 
during 3 months, or more, when the soil is 
warm enough for plants to grow. They have a 
higher base saturation than Ultisols, but less 
than Aridisols and Mollisols. Generally, they 
are characterized by the presence of an 
accumulation of clay in the subsurface. The 
presence of the bases indicates only moderate 
leaching. There is adequate moisture for plant 
growth for 3 months or more of the year. 
These are mineral soils. 

Alfisols of Hawaii are quite red and are 
fourd on old land surfaces on the Islands of 
Oahu and Lanai. They were classified as 
Humic Ferruginous Latosols in the 1938 
system. These soils are very productive espe
cially when irrigated. There are two great 
groups found in Hawaii: Paleustalfs on Lanai 
and Rhodustalfs on Oahu. 

Alfisols on Oahu are used for sugarcane, and 
where the terrain is too rough these soils are 
used for pasture. On Lanai, they are used for 
pasture, wildlife, and recreation, especially for 
hunting. 

lnceptisols 

Inceptisols are young soils. Their profiles 
may not contain the named diagnostic hori
zons, translocated aluminum, gypsum, or 
soluble salts. The horizons present represent 
only moderate weathering as the diagnostic 
horizons that indicate intense weathering are 
absent. Profile development is further ad
vanced than in Entisols, but less so than in the 
other orders of mineral soils. Horizons of 
marked accumulation of silicate clays, or free 
oxides of iron and aluminum, are absent. 

Inceptisols differ from Entisols in that they 
may have more amorphous minerals in the 
exchange complex, and diagnostic subsurface 
horizons are present. They differ from the 
other orders in the type of diagnostic subsur
face horizons present, such as the absence of 
argillic, natric, oxic, or spodic horizons. 

Inceptisols make up the largest soil order in 
Hawaii, representing almost one-fourth of all 
the land area in the State. There are l Ogreat 
groups present in Hawaii: Dystrandepts, 
Eutrandepts, Hydrandepts, Placandepts, Vi
trandepts, Andaquepts, Tropaquepts, Placa
quepts, Humitropepts, and Ustropepts. 

The five great groups of the Andepts are 

well-drained lightweight soils that have amor
phous iron and aluminum oxides with high 
exchange capacity, or have large amounts of 
volcanic ash, or other pyroclastic materials in 
the silt and sand fractions. Those formed in 
dry climates have high base saturation, and all 
have high organic matter contents. They are 
found in areas near volcanic vents where ash, 
or other material, has been deposited. Hydran
depts are found in areas of high rainfall and are 
high in amorphous materials that irreversibly 
dehydrate into sand and gravel-sized aggre
gates. These soils are devoid of bases due 
to high rainfall. They are deficient in phos
phorus and require relatively high rates of 
fertilization with all nutrients for good crop 
growth. They have high infiltration rates, and 
erosion is slight to moderate, depending upon 
the degree of slope. Dystrandepts are formed 
under lower rainfall but still have high organic 
matter, low base saturation (less than 50 
percent) but higher than Hydrandepts, and 
the amorphous clays do not dehydrate into 
gravel-sized aggregates. They generally have 
more weatherable minerals than do Hydran
depts. Eutrandepts are formed under lower 
rainfall than Dystrandepts, have high organic 
matter, high base saturation (greater than 50 
percent), and their clays do not irreversibly 
dehydrate to the sand and gravel-sized aggre
gates. Some Eutrandepts may have an accu
mulation of soft powdery calcium carbonate 
in the subsurface horizons. Placandepts occur 
in the same climatic conditions as Hydran
depts but have a horizon (placic) that is a 
barrier to water movement and root develop
ment. This causes the soil to be saturated with 
water for variable periods during the year. 
Other characteristics are similar to those of 
Hydrandepts. Vitrandepts are the "youngest" 
Andepts and have large amounts of volcanic 
ash and 'other pyroclastic materials and the 
lowest amounts of the weathering products of 
these materials. They occur under different 
rainfall levels, and the degree of weathering 
depends upon rainfall and the age of the 
parent material. These soils are quite variable 
in base saturation. 

The three great groups of Aquepts are 
poorly drained and are naturally wet, with 
ground water standing at or near the surface 
during a portion of the year. These soils are 
darker colored and show evidences of mot
tling in the profile. Andaquepts are formed 
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lnceptisols have a wide variety of uses. Paqure is a common usage for many Inceptisols (top). Fruit planted on soils classified as 
Hydrandepts (center). Multiple use of land increases its efficiency, such as pasture and recreation on Dystrandepts (bottom). 
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Much of the commercial flower production in Hawaii is on 
lnceptisols (top). 

Most Entisols are found in beach areas and are commonly 
used for recreation (center). 

Land use of Entisols. This was formerly classified as Fluva
quents, an alluvial soil (bottom). 

from volcanic ash, or other pyroclastic mate
rial overlying other materials. These soils are 
acid, being devoid of bases. Placaquepts have ~ 
a placic horizon within 1 meter (39 inches) of 
the surface. Tropoaquepts are formed from I 
alluvium and other minerals with less pyro
clastic materials than in Andepts. These soils 
are heavier in weight, the exchange complex 
has less amorphous materials present , and 
base saturation is low. 

The two great groups of Tropepts are 
formed under lower rainfall, have lower or
ganic matter, and are lighter colored Incepti
sols. They are developed from parent mate
rials low in volcanic ash or other pyroclastic 
materials, are not dominated by amorphous 
oxide clays, and are heavier in weight and have 
higher base saturations than most other Incep
tisols. Humitropepts are rich in organic matter, 
have high exchange capacity (24 meq / 100 g 
or more) , and are well drained showing no mot
tling in the subsurface horizons. These are 
generally found at high altitudes and are low 
in bases (less than 50 percent). Ustropepts are 
high in bases (more than 50 percent) and have 
a distinct dry season during the year. Some 
may have a calcic subsurface horizon present. 
These soils are lighter colored and lower in 
organic matter than Humitropepts. 

Inceptisols are used for sugarcane, vege
tables, orchard crops, pasture, forestry , wild
life, urban development , and recreation. Some 
are suitable for engineering purposes, and 
others are undesirable due to moisture, miner
alogy, or for other reasons. 

Inceptisols were classified as Low Humic 
Latosols, Humic Ferruginous Latosols, Humic 
Latosols, Hydrol Humic Latosols, Latosolic 
Brown Forest , Reddish Brown, Reddish Prai
rie , Red Desert , Alluvial, and Gray Hydromor
phic in the 1938 system. 

Entisols 

Entisols are mineral soils that do not fit 
into any other classification. They are unique 

12 



in that they have no diagnostic horizon, or 
only the beginnings of such horizons. The 
absence of diagnostic horizons may be due to 
one or more of the following reasons: 

• Presence of parent material that is too 
resistant to weathering to form soils. 

• Presence of a parent material that dis
solves to such an extent that only a small 
amount of residue remains. 

• Parent materials so recently deposited 
that there has been insufficient time for 
soil to develop. 

• Continued deposition of new material so 
that soil formation has not occurred. 

• Slopes so steep that soil materials are 
eroded away as fast as soil formation 
occurs. 

• Environmental or ecological conditions 
are such that little or no soil formation 
occurs. 

All of these conditions are found in Hawaii. 
Deposits of streams and volcanoes provide 
continuing supply of fresh material that has 
had insufficient time to form soils. Desert 
conditions have provided unfavorable ecolo
gical conditions for soil formation to take 
place. Steep slopes and high rainfall cause 
erosion to occur as rapidly or more rapidly 
than soil formation can occur. The coral 
parent materials dissolve so completely that 
very little material remains. The coral sands, 
black sands, and green sands are classified as 
recently deposited material which dissolve 
completely or resist soil formation processes. 

Entisols are found under all climatic condi
tions, may have any type of vegetation 
growing on them, may be formed from any 
parent material, and may be used for any 
agricultural, urban, or other land use. 

There are four great groups of Entisols 
found in Hawaii: Fluvaquents, Torrifluvents, 
Ustorthents, and Ustipsamments. Fluvaquents 
are wet soils of flood plains and stream deltas. 
They show stratification indicating deposition 
under changing conditions. These dark
colored soils are saturated with water during 
flood periods. In some areas these soils are 

flooded for use in growing taro and other 
crops requiring high moisture. Torrifluvents 
are alluvial soils that are brownish to reddish, 
relatively low in organic matter, and are 
alkaline and often high in soluble salts. 
Ustorthents are found on recent erosional 
surfaces, mainly from wind erosion, in sandy 
volcanic ash. These soils usually receive rain 
only during the rainy season in the winter 
months and have pronounced dry periods. 
Ustipsamments have a sandy texture, some 
organic accumulation in the surface, begin
nings of a subsurface horizon, and a pro
nounced dry season. 

Entisols are used for sugarcane, vegetables, 
pasture, wildlife, recreation, and urban devel
opment. Their suitability for any particular 
use depends upon location, water supply, 
texture, and accessability. 

These soils were classified as Latosolic 
Brown Forest, Alluvial, and Regosols in the 
193 8 system. 

Miscellaneous Land Types 

The area of Hawaii included in the l O soil 
orders represents about 55 percent of the 
total land area of Hawaii. The remaining 45 
percent is made of what are known as 
miscellaneous land types. The greatest portion 
of this area is composed of aa and pahoehoe 
lava, rough mountainous lands, rock lands, and 
stony laruis. Also included are badlands, 
beaches, cinder land, colluvial materials, coral 
outcrops, dune lands, fill land, severely erod
ed areas, riverwash, rubble, and sandy alluvial 
materials. These materials are so recent in 
deposition that no weathering or soil forma
tion has occurred, so severely eroded as to 
have destroyed any soil originally there, so 
steep and rough that no soil can form, or so 
rocky or stony that they are not classified as 
soils. 

These materials are mainly used for wildlife 
or recreation. Many have no recognized use at 
present. 

These areas have never been included as 
soils in any system of classification. 
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Urban development encroaching on a soil classified as Oxisol. Note areas of miscellaneous land types on the steep slopes in the background. lnceptisols and Spodosols arc found on the 
highest elevations of tl1e mountain. 



APPENDIX A 
Temperature Regimes in Hawaii 1 

Temperature regime Annual Average 

Isomesic2 4 7 to 59 F ( 8 to l 5 C) 
Isothermic 59 to 72 F (15 to 22 C) 
Isohyperthermic More than 72 F (22 C) 

I Other temperature regimes found in the classification system are: ... 
Pergelic-less than 32 F (0 C). Permafrost is present. 
Cryic-more than 32 F (0 C) but less than 47 F (8 C) 
Frigid-9 to 47 F (5 to 8 C) 
Boreal-soil temperatures are frigid or colder 
Mesic-47 to 59 F (8 to 15 C) 
Thermic-59 to 72 (15 to 22 C) 
Hyperthermic-more than 72 F (22 C) 
Isofrigid-9 to 4 7 F (5 to 8 C) 

2 The prefix " iso" indicates that the difference between mean summer and winter temperatures is less than 9 F (5 C). 

APPENDIX B 
Moisture Regimes in Hawaii1 

Moisture regime Distinguishing characteristics 

Aguie Soils are wet or saturated, producing reducing conditions virtually free of 
dissolved oxygen. The saturated condition must be present for a few days at 
the time as all dissolved oxygen must be removed. Generally found in Hawaii 
at higher elevations where the rainfall is well distributed throughout the year 
so that soils remain wet for a considerable period at a time. 

Aridic Occurs in hot dry climates so that there is no available water in the soil for 
one-half the time ( cumulative) during the growing periods. The soils are 
never moist for 60 consecutive days during any 3-month period in Hawaii. 

Torrie Same as aridic, except used at a different level or category of soil 
classification. In addition, inadequate moisture conditions may be the result 
of thin soils over rock or to inability of water to infiltrate into the soil for 
plant use. 

Udic Soils remain moist for more than 90 consecutive days during the year. It is 
moist for more than 60 consecutive days during the growing period for 
plants. The soils are not saturated but have good moisture relationships for 
plant growth. 

Ustic Intermediate between aridic and udic moisture regimes. The major character
istic is alternate wet and dry periods. The dry periods are pronounced , 
however, a limited amount of moisture is available when soil temperature is 
optimum for plant growth. 

1Other moisture regimes of the classification system are : 
Xeric-similar to ustic except that the limited amount of moisture present does not occur at times when soil temperature is 
optimum for plant growth. 

Peraquic-same as aquic, except soils are continuously saturated with water due to groundwater table at or near the surface. 

Perudic-same as udic, except there is a surplus of water every month of the year. Water moves through the soil in every 
month except where frozen. 
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APPENDIX C 
Diagnostic Horizons Found in Soils of Hawaii1 

Distinguishing characteristics 

An organic horizon or one high in organic matter mixed with mineral 
materials. The horizon is saturated with water for 30 consecutive days or 
more for some part of the year. It is wet in Hawaii due to high annual 
rainfall well distributed throughout the year. 

A mineral horizon high in organic matter and generally associated with 
wetness. It is similar to the mollic horizon but is more acid due to leaching 
from wetter moisture conditions. 

A mineral horizon high in organic matter and high in bases. It is dark 
throughout the entire horizon. It is a soft horizon that is not very hard when 
dry. This horizon contains less than 250 parts per million of citrate soluble 
phosphate (P2 0 5 ). 

A light-colored mineral horizon that is too light in color, too low in organic 
matter, both massive and hard when dry, or too thin to be classified as any of 
the other epipedons. 

A horizon of clay accumulation in the subsurface. The clay has migrated due 
to the influence of water. Argillic horizons indicate considerable age. Clay 
skins present on the soil aggregates or peds are also evidence of an argillic 
horizon. 

An altered horizon having a fine texture. It is never a horizon of 
accumulation, but one showing a loss of iron or aluminum, or bases including 
the carbonates, or of both from the horizon. Weatherable minerals are present 
in this horizon . 

A horizon in which the amorphous oxides of iron and aluminum with 
organic matter have precipitated. They occur only in humid climates. This is 
a horizon of accumulation and is generally found in materials coarser than 
loamy sands. 

A horizon high in iron and aluminum oxides. It often contains I: 1 silicate 
clays and very little if any weatherable minerals. These develop over long 
periods of time on stable landscapes. There are no clays skins or other 
indications of clay movement in this horizon. It is low in exchange capacity 
and generally low in base saturation. 

A horizon of accumulation of secondary calcium carbonates. It is more than 
6 inches ( 15 cm) thick and contains more than 15 percent free calcium 
carbonate. 

A cemented horizon due to the accumulation of silica. It often contains 
accessory cements. The cemented horizon will not break up in water or acid. 
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Fragipan A horizon of fragile cemented layers found in humid soils. The cemented 
layer breaks up in water. It is low in organic matter. This horizon is not as 
durable as the duripans. 

Placic A thin black to dark reddish cemented pan high in iron that forms in soils. It 
is slowly permeable to water and plant roots so that the soil is wet in the 
area above the placic horizon. It forms in soils that are low in bases and it is 
easily identified. 

Plinthic A horizon rich in iron and aluminum oxides (sesquioxides), low in humus, 
mixed with clays ( often kaolinite), or other diluents. Usually it occurs as red 
mottles inter-mixed with white. It dries irreversibly to ironstone hardpans 
when subjected to alternate periods of wetting and drying. It may be 
discontinuous, where the mottles do not touch, or continuous. In Hawaii, it 
generally is discontinuous when found in soils. 

Salic A horizon 6 inches (15 cm) or more thick with a secondary accumulation of 
salts soluble in cold water. The concentration of salts is such that plant 
growth is adversely affected. This horizon is found only in one group of 
Aridisols in Hawaii . 

Agric A horizon of accumulation of silt, clay, and humus formed below the plow 
layer. Its formation is due to the influence of cultivation on the movement 
of these materials into the horizon below the plow layer. 

Albie A horizon from which clay and free iron oxides have been removed, or the 
oxides aggregated so that the color is determined by the color of the sand 
and silt present in the horizon. It is a light-colored horizon that may occur at 
the surface or lower in the soil profile. 

1. Other horizons found in the classification system are: 
Surface: 

Anthropic - a surface horizon. resembling the mollic epipedon, that has formed under long-continued use by man as 
a place of residence or for growing irrigated crops. 
Plaggen - a man-made surface layer, more than 20 inches (50 cm) thick, formed by the long continued addition of 
manure to the soil. 

Subsurface: 
Natric - a special argillic horizon that has 15 percent or more sodium, and has a prismatic or columnar structure. 
Gypsic - noncemented or weakly cemented horizon of secondary sulfate accumulation that has at least 5 percent 
more gypsum (calcium sulfate) than the parent material. 
Petrogypsic - a gypsic horizon strongly cemented with gypsum. 
Sulfuric - found as a result of artificial drainage, and the oxidation of sulfide-rich mineral or organic material. 

2. Any horizon may occur at the surface of a truncated (eroded) soil; however, the six horizons that are formed at the 
surface of the soil are given above. 
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Table I. Morphology of Some Selected Soils of Hawaii 1 

Ch111,1tc 
Soil l',ucnt 1,·mr R,nn I k~ 

series Order Grc,tl group (;rc,tt srnl group m,1ter1al (''I) (m) Vc,:et,1!1011 f'opoµr.iphy (It.) 

Puna Histosols Tropofolists Lithosols Organic 65 75 Ohia, uluhe, Gentle to 1000-
residues guava steep 3500 

Waialeale Spodosols Tropaquods Li tho sols Lava 56 450 Ohia, lapalapa, Steep and 3500-
uki, tree fern rough 4800 

Molokai Oxisol Torrox Low Humic Latosol Lava 73 22 Keawe , lantana, Gentle to 0-
ilima, and grasses steep 1500 

Kapaa Oxisol Gibbsihumox Humic Ferruginous Lava 73 100 Ohia, guava, Gentle to 200-
Latosol melastoma, steep 800 

grasses 

Lualualei Vertisols Chromusterts Dark Magnesium Clay Alluvium 75 18 Keawe woodland, Gentle 10-
grasses 125 

Honouliuli Vertisols Chromusterts Gray Hydromorphic Alluvium 74 25 Keawe woodland, Gentle 15-
grasses 125 

Kawaihae Aridisols Camborthids Red Desert Volcanic 76 10 Keawe woodland, Gentle to 0-
ash grasses mod. steep 1500 

Manana Ultisols Tropohumults Humic Ferruginous Lava 70 60 Shrubs, grasses Gentle to 500-
Latosol mod. steep 1200 

Kaneohe Ultisols Tropohumults Humic Latosol Alluvium, 72 80 Shrubs, grasses Gentle to 100-
colluvium very steep 1000 

Kawaihapai Mollisols Haplustolls Alluvial Alluvium 73 30 Keawe and koa Gentle to 0-
haole scrub moderate 300 

Kemoo Alifisols Rhodustalfs Humic Ferruginous Lava 71 35 Guava scrub, Rolling to 300-
Latosol grasses steep 1200 

Hilo lnceptisols Hydrandepts Hydro! Humic Latosol Volcanic 72 150 Ohia, guava, Gentle to 0-
ash grasses steep 800 

Maile lnceptisols Dystrandepts Latsolic Brown Forest Volcanic 58 72 Ohia, tree fern, Gentle to 2500-
ash koa, grasses undulating 4000 

Waikaloa lnceptisols Eutrandepts Reddish Brown Volcanic 62 20 Ohia, tree fern, Mod. to 1500-
ash koa, grasses rolling 4000 

Waimea lnceptisols Eu trandepts Reddish Prairie Volcanic 60 30 Grasses Gentle to 2000-
ash steep 6000 

Jaucas Entisols Ustipsamments Regosol. Coral 75 20 Grasses, beach Gentle to 0-
plants mod. steep 600 

1 Data collected from varied sources. 
These soils were selected to give an example of each of the Great Soil Groups of the 19 38 system of classification and to show how they fit 
into the new Soil Taxonomy. 
Vegetation found on virgin soils or uncultivated soils. 

; 
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Table 2. Classification and Some Characteristics of Soils in Hawaii 

Percent of 
Diagnostic honzons Area in land area Rank 

Dcr1valit>t1 01,1111gu1sh111g Sub- Predominant Moisture Temperature Hawaii -----
Order ol nam~ ch.nacknsllcs Surf.ll't' surface mmcralog} regimes rcg11ncs Locatrnn (acres) llawa11 World Haw.ti! World 

Histosols Gk. histos, Soils high in organic matter, Histic Aquic Isomcsic, Wet, poorly 601,000 14.13 0.8 2 10 
tissue; organic more than 20%; thin organic isothermic, drained slopes, 
soils. layers overlying or mixed in isohyper- ridges, and mt_ 

interstices of aa or pahoehoe thermic tops 
Javas. 

Spodosols Gk. spodos, Mineral soils with a spodic Histic, Spodic oxidic, Aquic Isomesic Wet mountain 25,800 0.64 5.4 9 8 
wood ash, horizon; usually severely umbric kaolinite slopes 
podzols. leached and very acid. 

Oxisol Fr. oxide, Mineral sojls, highly weath- Umbric, Oxic Kaolinitic, free Udic, lsothermic, Smooth, 208,800 5.14 9.2 3 5 
oxide ; well- ered, relatively low in ochric oxides of iron , ustic, isohyper- gentle, stable 
aerated soils. silicate minerals. aluminum, man- torric thcrmic slopes 

ganese, and tita-
nium 

Vertisols L. verto, Mineral soils high in shrink- Umbric, Argillic, Montmorillonite, Udic, Isothermic, Low, level, 34,300 0.84 2.1 8 9 
turn; soils swell clays, having large mollic caJcic kaolinite ustic, isohyper- or nearly 
that invert. cracks for part of the year; torric, thermic level areas 

have more than 35% clay and 
more than 30 meq/100 g of 
clays of cation exchange 
capacity. 

Aridisols L. dridus, dry; Mineral soils that show the Ochric Cambic, Oxides of iron Aridic Isothermic, Deserts or 48,200 1.19 19.2 6 
soils of the influence of dry climate. salic, and aluminum, isohyper- areas vf very 
deserts. argillic kaolinite thermic low rainfall 

Ultisols L. ultimus, Mineral soils that have the Umbric, Argillic Kaolinite, Udic, Isomesic, Stable sur- 103,000 2.54 8.5 5 7 
last; highly accumulation of silicate clays; ochric montmorillonite ustic isothermic, faces, but at 
weathered have low base saturation (less isohyper- edge of valleys 
soils. than 35%). Not as highly thermic where slopes 

weathered as the Oxisols. become steep 

Mollisols L. mollis, soft; Mineral soils that have a soft Mollie, Agrillic, Oxides, Aquic, Isothermic, 173,800 4.28 9.0 4 6 
surface hori- surface horizon due to the umbric albic, kaolinite, ustic, isohyper-
zon. presence of organic matter. cambic, montmorillonite torric thermic 

calcic 



(Table 2. continued) 

Pcrcen t of 
D1.1gnost1c horizons Arc.i 111 land area Rank 

Der1v.1t1on D1st1ngu1,h111g Sub- Predominant Moisture Temperature Hawaii ------ -----
Order ot name characteristics Surface surface mineralogy regimes regimes Location (acres) Hawa11 World Hawaii World 

Alfisols Pedal/er, soils Mineral soils similar to the Umbric, Argillic Kaolinite, Ustic Isothermic, Stable surfaces 9,049 0.2 14.7 10 3 
with high alu- UJ tisols but having greater ochric illite, isohyper- but in steeper 
minum and base saturation. montmorillonite thermic slopes 
iron rather 
than high cal-
cium. 

Inceptisols L. inceptum, Mineral soils with little pro- Histic, Cambic, Allophane, Aquic, Isomesic, Steep unstable 989,400 24.4 15 .8 2 
inception ; file development. Have no umbric, duripan, variable udic, isothermic, landscapes, 
young soils. strongly developed sub- ochric fragipan ustic isohyper- volcanic ash 

surface horizons. thermic falls, recent 
deposits 

Entisols Recent, very Mineral soils with no diag- Ochric Albie, Variable Aquic, Isothermic, Coastal 42,600 1.1 12.5 7 4 
young soils. nostic horizons except in agric ustic, isohyper- beaches, very 

surface. Lack significant tonic thermic recent volcanic 
profile development. ash, and other 

deposits 

Miscellaneous Areas so re- All types of material, Very variable Beaches, lava 1,834,500 45.6 
land types cen tly depos- mostly miner~l. flows, bad-

ited , severely lands, rough 
eroded, rocky, mountainous 
or stony that lands, rock-
cannot be outcrops, re-
classified as cent cinder 
•nil deposits, made 

lands, stony 
lands, etc. 



Table 3. First formative elements and their connotations for suborders. 

Inst formdt!Vc' 
c'icmcnt S1mphl1cd connoL1t1on 

alb a nearly white eluvial horizon near the surface, reflecting wetness 

and presence of appreciable allophane 

aqu a soil that is very wet, or that has been drained 

ar a soil having only fragments of horizons due to mixing by man 

arg a soil having illuvial horizons of silicate clays 

bor a cool or cold soil, mean annual soil temperature <s0 c 
ferr presence of appreciable free iron 

fibr composed of mostly undecomposed plant fibers 

fluv composed of recent alluvium 

fol composed of leaves, twigs, and branches; all in various stages of 
decomposition 

hem composed of partly decomposed plant materials 

hum presence of appreciable humus 

ochr a surface horizon that is either, or both, light in color or low in organic 
matter 

orth the most representative or common one 

plagg a surface mantle, ) 50 cm thick, of materials that have been added by 
continued manuring 

psamm sandy texture, sand, or loamy sand to a depth of 1 m, or more, or to rock 

rend a shallow ( <50 cm deep) dark soil on highly limy material ( >40% Ca C03 
equivalent). 

sapr composed mostly of highly decomposed plant materials 

torr inadequate moisture to mature a crop without irrigation 

trop no distinct summer or winter; moist and tropical 

ud moist but not wet; dry for short periods or not at all 

umbr a thick, acid, dark-colored surface horizon 

ust dry for long periods but moist in a growing season for 90 days or more in 
most years; droughts are common 

xer a soil in midlatitudes that is reliably moist in winter and dry in summer; 
reflecting a mediterranean climate 

., 
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Table 4. First formative elements and their connotations for great groups. 

I ir,t lPfill..ltl\..: 

l'icmcnt S1mpi1!1cJ u1nnoL1llo11 

acr 
agr 
alb 
and 
arg 
bor 
calc 

camb 
chrom 
cry 

dur 
dys, dystr 
eu, eutr 
ferr 
frag 
gibbs 
gloss 
ha! 
hap! 
hum 
hydr 
luv 
med 
natr 

ochr 

pale 
pell 
plac 
plagg 

plinth 

psamm 
quartz 
rhod 
sal 
sider 
sphagn 
sulf 
torr 
ud 
umbr 
ust 

verm 
vitr 
xer 

extremely low cation exchange capacity in clay fraction 
having an illuvial horizon of clay and humus formed under cultivation 
a nearly white eluvial horizon near the surface, reflecting wetness 
presence of appreciable allophane 
a soil having an illuvial horizon of silicate clays 
a cool or cold soil, mean annual soil temperature < s0 c 
a soil that is calcareous throughout and that has a horizon with an 

appreciable accumulation of lime 
a soil having an altered but not illuvial B horizon 
brownish or red color 
soil that is relatively cold even in summer 
soil having a hardpan cemented with silica 
low base saturation 
high base saturation 
presence of appreciable free iron 
presence of fragipan 
presence of gibbsite in sheets or nodules 
presence of gray eluvial tongues in an illuvial horizon of silicate clay 
wet and somewhat salty 
the simplest set of horizons 
presence of appreciable amount of humus 
presence of excess water 
a soil having a horizon of illuvial humus 
a soil of midlatitudes 
presence of significant amounts of exchangeable sodium, or of magnesium 

and sodium 
a surface horizon that is either, or both. low in organic matter or light in 

color 
a soil having horizons that have more than normal development 
a soil that has low chroma (dull color) 

presence of a thin (a few mm) cemented by iron, or by iron and humus 
a surface mantle,> 50 cm thick, or materials that have been added by 

manuring 
presence of large amounts of plinthite, an iron-rich material that hardens 

irreversibly on exposure 
sandy texture, a sand, or loamy sand to a depth of 1 m or more 
more than 95% quartz 
dark colors due to high iron content, generally dark red 
presence of a horizon with> 2% salt 
presence of appreciable free iron 
mostly sphagnum 
presence of appreciable shallow sulfides or products of their oxidation 
inadequate moisture to mature a crop without irrigation 
moist but not wet, and dry for short periods or not at all 
an acid, thick, dark-colored surface horizon 
dry for long periods but moist in a growing season for 90 days or more in 

most years; droughts are common 
intensively mixed by animals, chiefly worms and their predators 
large amounts of gloss 
a soil of midlatitudes that is reliably moist in winter and dry in summer, 

reflecting mediterranean climate 

; 
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Table 5. Nomenclature of the Soils of Hawaii 

Histosols Saprists Troposaprists, 
Folists Tropofolists 

Spodosols Aquods Tropaquods 

Oxisol Humox Acrohumox 

Gibbsihumox 
Orthox Acrorthox 

Eutrorthox 
Gibbsiorthox 
Umbriorthox 

Torrox Torrox 
Ustox Haplustox 

Eutrustox 

Vertisols Torrerts Torrerts 

Uderts Pelluderts 

Usterts Chromusterts 

Pellusterts 

Aridisols Orthids Salorthids 
Camborthids 

Ultisols Humults Tropohumults 

Mollisols Aquolls Calciaquolls 
Haplaquolls 

Terrie Troposaprists 
Typic tropofolists 

Lithic tropofolists 

Histic lithic tropaquods 

Typic acrohumox 
Petroferric acrohumox 
Typic gibbsihumox 
Plinthic acrorthox 
Tropeptic eutrorthox 
Typic gibbsiorthox 
Tropeptic umbriorthox 

Typic torrox 
Tropeptic haplustox 

Tropeptic eutrustox 

Mollie torrerts 

Ty pie pelluderts 

Typic chromusterts 

Entic chromusterts 
Udic chromusterts 

Udorthentic pellusterts 

Typic salorthids 
Ustollic camborthids 

Humoxic tropohumults 

Orthoxic tropohumults 

Ustoxic tropohumults 

Typic calciaquolls 
Cumulic haplaquolls 
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Clayey, kaolinitic , dysic, isomesic 
Euic, isohyperthermic 
Euic, isothermic 
Euic, isomesic 
Dysic, isohyperthermic 
Dysic, isothermic 
Dysic, Isomesic 
Euic, isohyperthermic 
Euic, isothermic 
Dysic, isohyperthermic 
Dysic, isothermic 
Dysic, isomesic 

Fine, oxidic, isomesic 

Clayey, oxic, isothermic 
Clayey, ferritic , isothermic 
Clayey, ferritic, isothermic 
Clayey, ferritic, isothermic 
Clayey, oxidic, isohypothermic, 
Clayey, oxidic, isohyperthermic 
Clayey, oxidic, isohyperthermic 

Clayey, kaolinitic , isohyperthermic 
Clayey , kaolinitic, isohyperthermic 

Clayey, kaolinitic, isohyperthermic 
Clayey, kaolinitic , isohyperthermic, 
shallow 
Very fine, montmorillonitic, isohyper-
thermic 
Very fine , montmorillonitic, isohyper-
thermic 
Very fine, kaolinitic, isothermic 
Fine, mixed, isohyperthermic 
Very fine, montmorillonitic, isohyper-
thermic 
Very fine , kaolinitic , isohyperthermic 
Very fine , montmorillonitic, isohyper-
thermic 
Very fine, montmorillonitic, isohyper-
thermic 

Coarse-loamy, mixed, isohyperthermic 
Medial, isohyperthermic 
Fine-loamy, kaolinitic , isohyperthermic 

Clayey, ferritic , isohyperthermic 
Clayey, oxidic, isohyperthermic 

Clayey, oxidic, isothermic 
Clayey, oxidic, isothermic 

Clayey, kaolinitic , isohyperthermic 

Clayey, oxidic, isothermic 
Clayey, oxidic, isohyperthermic 

Clayey, oxidic, isothermic 

Fine, isohyperthermic 
Very fine, m·ontmorillonitic (calcareous), 
isohyperthermic 

Alakai 
Kaimu, Papai 
Puna 
Mawae 
Malama 
Kiloa 
Lalaau 
Punaluu 
Kona 
Keaukaha, Opihikao 
Keei 
Kahaluu , Kekake 

Waialeale 

Mahana 
Kahanui 
Halii 
Kunuweia 
Puhi 
Pooku, Kapaa 
Hanamalu, Lawai, 
Makapili 
Molokai 
Halemano, Kahana, 
Lahaina, Niu, Wailuku 
Lihue, Wahiawa 

Koloa 

Kapuhikani 

Kaena 
Waihuna 
Honouliuli 

Lualualei , Makalapa 
Nonopahu 

Papaa 

Kokokahi 

Kealia 
Kawaihae 
Holomua 

Haiku 
Kalapa, Paumalu, 
Pauwela 
Kokee 
Honolua, Leilehua, 
Makawao, Olelo, 
Paaloa 
Kaneohe, Lolekaa, 
Waikane 
Halawa 
Alacloa, Hamakua-
poko, loleau , 
Manana 
Kalae , Puu Opae 

Kaloko 

Nohili 



(Table 5. continued) 

Order Subordn (;re.I! group Subgroup I Jlllli} Sene, 

Mollisols Ustolls Haplustolls Typic haplustolls Fine, kaolinitic, isohyperthermic Hawi, Iao 
Fine, mixed, isohyperthermic Haleiwa 

Entk haplustolls Sandy, carbonitic, isohyperthermic Mokuleia 
Cumulic haplustolls Fine, loamy, mixed, isohyperthermic Pulehu 

Fine, mixed, isohyperthermic Kawaihapai 
Very fine, mixed, isohyperthermic Kekaha 

Lithic haplustolls Clayey, mixed, isohyperthermic Waikomo 
Clayey, kaolinitic, isohyperthermic Mamala 

Oxic haplustolls Fine, kaolinitic, isohyperthermic Makaweli 
Very fine , kaolinitic, isohyperthermic Paia 

Pachic haplustolls Fine, silty over fragmental, mixed, 
isohyperthermic Kaupo 

Torrertic haplustolls Very fine kaolinitic, isohyperthermic Pamoa 
Torroxic haplustolls Fine, kaolinitic, isohyperthermic Ewa, Keahua, Wai-

kapu, Wahikuli, 
Waiakoa 

Aridic haplustolls Fine, kaolinitic , isothermic Koele 
Fine, kaolinitic, isohyperthermic Mahukona 
Clayey-skeletal, kaolinitic, isothermic Kamaole 
Clayey over fragmental, kaolinitic, 
isohyperthermic Keawakapu 
Clayey-skeletal, kaolinitic, isohyperthermic Wainee 
Ashy , isohyperthermic Makena 

Vertie haplustolls Very fine, kaolinitic, isohyperthermic Waialua 

Alfisols Ustalfs Paleustalfs Oxic paleustalfs Fine, oxidic, isothermic Kanepuu 
Rhodustalfs Oxic rhodustalfs Fine, oxidic, isohyperthermic Kemoo 

Inceptisols Andepts Dystrandepts Typic dystrandepts Medial, isomesic Hanipoe, Kaipoioi, 
Kapapala , Laumaia, 
Umikoa 

Medial over cindery, isothermic Tantalus 
Entic dystrandepts Medial, isomesic Olinda 
Hydric dystrandepts Medial, isothermic Manu 

Thixotropic, isomesic Maile, Manahaa, 
Punohu, Puu Oo 

Thixotropic, isothermic Kukaiau, Moaula, 
Niulii 

Thixotropic over fragmental, isothermic Honuaulu 
Thixotropic, isohyperthermic Ookala, Paauhau 

Hydric, lithic dystran- Thixotropic, isomesic Puukala 
depts 

Medial , isothermic Puhimau 
Li thic dystrandepts Medial, isothermic Heake 
Oxic dystrandepts Medial, isothermic Oli, Paaiki, Pane 

Eutrandepts Typic eutrandepts Medial, isothermic Kamaoa, Kikoni, 
Kula, Palapalai, 
Waimea 

Medial over cindery, isothermic Io, Ulupalakua 
Medial, isohyperthermic Naalehu 
Medial over fragmental, isohyperthermic Kainaliu 

Entic eutrandepts Medial, isohyperthermic Pakini 
Lithic eutrandepts Medial, isohyperthermic Kalaupapa, Waiaha 
Ustollic eutrandepts Medial, isothermic Waikaloa 

Medial, isohyperthermic Koko, Oanapuka 
Medial over fragmental, isothermic Puu Pa 
Medial over fragmental, isohyperthermic Kaalualu 

Hydrandepts Typic hydrandepts Thixotropic, isomesic Akaka, Piihonua 
Medial over thixotropic, isomesic Puaulu 
Thixotropic, isothermic Alapai, Honaunau, 

Honokaa, Hono-
manu, Kailua, 
Kaiwiki, Kealake-
kua, Ohia 
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(Table 5. continued) 

Ordn Submdcr Grc,tt group Sltbgroup I am1ly Scncs 

lnceptisols Andepts Hydrandepts Typic hydrandepts Thixotropic, isohyperthermic Hana, Hilo 
Thixotropic over fragmental, isohyper-
thermic Olaa 

Lithic hydrandepts Thixotropic, isothermic Hilea 
Thixotropic, Isohyperthermic Panaewa 

Vitrandepts Typic vitrandepts Medial over cindery, isomesic Huikau 
Medial, isomesic Apukuie 
Cindery, isomesic Uma 

Mollie vitrandepts Medial, isomesic Keekee, Kilohana 
Medial, isothermic Kamakoa 
Medial, isohyperthermic Alae 

Placandepts Typic placandepts Thixotropic, isomesic Kahua 
Aquepts Andaquepts Aerie andaquepts Thixotropic, acid, isothermic Kehena 

Tropaquepts Typic tropaquepts Fine, montmorillonitic, nonacid, 
isohyperthermic Pearl Harbor 
Very fine, kaolinitic, nonacid, iso-
hyperthermic Kalihi 
Very fine, montmorillonitic, nonacid, 
isohyperthermic Keaau 

Plinthic tropaquepts Fine, halloysitic, acid, isothermic Koolau 
Placaquepts Typic placaquepts Fine, mixed, acid, isomesic Olokui 

Fine, oxidic, acid, isohyperthermic, 
ortstein Hulua 

Histic placaquepts Fine, mixed, acid, isomesic, ortstein Amalu 
Tropepts Humitropepts Andie humitropepts 

Andie ustic humitropepts 
Medial, isothermic 
Fine, oxidic, isohyperthermic 

Naiwa 
Ainakea 

Fine, mixed, isohyperthermic Makiki 
Fluventic humitropepts Fine, mixed, isohyperthermic Kolokolo 
Oxic humitropepts Clayey-skeletal, mixed, isohyperthermic Makaalae 

Fine, oxidic, isothermic Hihimanu 
Ustic humitropepts Very fine, mixed, isohyperthermic Kohala 
Ustoxic humitropepts Fine, oxidic, isohyperthermic Kolekole, Pohakupu 

Fine kaolinitic, isothermic Haliimaile 
Fine, kaolinitic, isohyperthermic Kunia 

Ustropepts Fluventic ustropepts 
Oxic ustropepts 

Fine, oxidic, isohyperthermic 
Fine, kaolinitic, isohyperthermic 

Pakala 
Hoolehua 

Very fine, kaolinitic, isohyperthermic Uwala 
Vertie ustropepts Very fine, kaolinitic, isohyperthermic Waipahu 
Lithic vertic ustropepts Clayey, montmorillonitic, isohyper-

thermic Waiawa 
Entisols Aquents Fluvaquents Typic fluvaquents Very fine, oxidic, nonacid, isohyper-

thermic Hanalei 
Fluvents Torrifluvents Typic torrifluvents Fine, kaolinitic, nonacid, isohyper-

thermic Mala 
Orthents 
Psamments 

Ustorthents 
Ustipsamments 

Typic ustorthents 
Typic ustipsamments 

Ashy-skeletal, isothermic 
Carbonitic, isohyperthermic 

Kilauea 
Jaucas, Puuone 

Information in this table courtesy, USDA, Soil Conservation Service, May 1974. 
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APPENDIX D 
Occurrence of Soil Orders on the Islands of Hawaii 

It is possible to prepare a general map showing the occurrence of the different orders of soil, 
after a study of the soils and the way they are arranged has been completed. The occurrence of 
each soil order is shown for each of the eight major islands of the State of Hawaii. 

The soils within each order differ in some or in many properties such as depth, drainage, slope, 
etc. In addition, the area of each order shown may contain other orders; however, it is impossible 
to delineate each order present on the size of maps shown. Hence these maps show the order that 
makes up the major portion of the area indicated. 

General maps such as these should prove useful to persons interested in a general idea of the 
relationship of soils. They should prove useful for comparing the different orders found on 
different islands. 

The orders shown for each island have been discussed in this circular. 
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Soil at time zero. Lava and cinders being erupted. These areas are classed as miscellaneous land types until soil is formed. 



Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in cooperation with the U. S. Department of Ag
riculture. William R. Furtick, Dean, College of Tropical Agriculture, and Director, Cooperative Extension Service. Margaret E. Fitch, Act
ing Associate Director, Cooperative Extension Service, University of Hawaii at Manoa, Honolulu, Hawaii 96822. 
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