
IX International Forum 
Soil Taxonomy and . 

Agrotechnology Transfer 
"The Role of Soil Survey
in Agricultural Development" 
Agricultural Experiment Station 
University of Guam
September 3-14, 1984 i. '-".--

Guam
 
Locatiou:
 
130 28' 29" north latitude
 
144 ° 44' 55" east longitude
 

AREA:
 
550 square kilometers
 
Population:
 
105,979 (1980) 

'0 

AL, O 

*1 r 



Proceedings of
 

IX International Forum
 

SOIL TAXONOMY AND AGROTECHNOLOGY TRANSFER
 

"The Role of Soil Survey in Agricultural Development"
 

September 3-14, 1984
 

Guam
 

Organized by
 

Agricultural Experiment Station
 

College of Agriculture and Life Sciences
 

University of Guam
 

Mangilao, Guam
 

Institute of Natural Resources
 

The University of the South Pacific
 

Suva, Fiji
 

Soil Management Support Services
 

Soil Conservation Service
 

U.S. Department of Agriculture
 

Washington, D.C.
 

In collaboration with:
 

Agency for International Development (U.S.A.)
 
Australian Centre for international Agricutlural Research (Australia)
 

Deutsche Stiftung Fur Internationale Entwicklung (W. Germany)
 

Commonwealth Foundation 
(Great Britain)
 
International Benchmark Sites Network for Agrotechnology Transfer
 

I
 



Table of Contents
 

Proceedings IX International Forum
 

Soil Taxonomy and Agrotechnology Transfer
 

Page No.
 

Cover Page - Organizations and Sponsors ......................... I
 

Opening Address by the Hornorable Ricardo J. Bordallo,
 

Soil Management Support Services and Internationalization of
 

Soil Taxonomy. H. Eswaran and and R.W. Arnold (Summary by
 

Introduction to Soil Surveys, The Nature Purposes and Uses
 

Basic Concepts and Philosophy of Soil Taxonomy
 

Table of Contents ............................................... II
 

Background ...................................................... III
 

Scope of the Forum .............................................. IV
 

Pictures, Names and Addresses of Participants ................... V
 

Resource Personnel .............................................. IX
 

Program Schedule of the Forum ................................... I
 

Govornor of Guam .............................................. 6
 

Fred Young) ................................................... 9
 

Paul A. Bartlett .............................................. 10
 

Soil Descriptions. H. Ikawa ..................................... 20
 

H. Eswaran (Summary by Fred Young) ............................ 27
 

Oxisols of the World. H. Eswaran, J. Ikawa and J.M. Kimble
 

Laboratory Characterization of Soils for Taxonomy
 

(Summary by Fred Young) ....................................... 30
 

Mollisols. Paul A. Bartlett ..................................... 33
 

Entisols. Paul A. Bartlett ...................................... 37
 

Soil Families. R.J. Morrison .................................... 39
 

Soil Series Concept. Lucien N. Langan ........................... 51
 

Soil Descriptive Legends. Paul A. Bartlett ...................... 54
 

Field Procedures in Soil Survey. Fred Young ..................... 57
 

Design of Map Units. Lucien N. Langan ........................... 61
 

Universal Soil Loss Equation. Lucien N. Langan................... 74
 

R.J. Morrison ................................................. 80
 

Diagnostic Subsurface Horizons. H. ikawa ........................ 96
 

The Taxonomy of Alfisols and Ultisols. R.J. Morrison ............101
 

Soil Conservation, Principles and Practices. Joan B. Perry ...... 112
 

ii
 



Page No.
 

Land Evaluation for Land-Use Planning: Principles and
 

Concepts. H. Ikawa ............................................ 117
 

Principles of Agrotechnology Transfer (Abstract) Goro Uehara 
....124
 

A Proposal for an Oceania Benchmark Sites Network for
 

Agrotechnology Transfer (OBSNAT). D.M. Leslie
.................. 130
 

The FIJI Soil and Crop Evaluation Project (FIJI, SCEP).
 

P. Sivan and D.M. Leslie ...................................... 
134
 

The INSFER Program: It's Role in Rice Production. C.P. Mamaril
 

(Summary by J.T. Cope) ........................................ 143
 
ORSTOM and PEDOLOGY in the South Pacific. A.G. Beaudou 

Land Evaluation for Village Based Food and Cash Crop Production
 

.......... 145
 

in Papua New Guinea. P. Bleeker ............... ............... 154
 

Evaluating Soil Fertility. J.T. Cope ............................. 167
 

Current Fertility Studies in Micronesia. J.L. Demeterio .......... 175
 
Some Evaluations of the Forum by Participants .................... 183
 

Recommendations of the Forum .................................... 
188
 

Closing Remarks. Wilfred P. Leon Guerrero ....................... 190
 

Appendix
 

The Soils of Guam. Fred Young ................................... 191
 

Notes on Pedons Observed During Field Trips (with map) ........... 202
 

Data on Profile Samples of Pedons Observed (Data from Midwest
 

National Technicl Center. USDA, Lincoln, NE.) .................. 209
 

Bibliographic Reference
 

Cope, J.T., 
 Fred Young, and J.L. Demeterio: (Editors) 1985.
 

Proceedings of the IX International Forum on Soil Taxonomy and
 

Agrotechnology Transfer. Mangilao, Guam, September 3-14, 1984.
 

University of Guam, Mangilao, Guam, 96913.
 

Printed by:
 



Background
 

With time, money and qualified personnel as important constraints
 

to agricultural development 
in the Pacific Region, agrotechnology
 

transfer is crucial for the 
short term solutions to the agricultural
 

problems 
of the island nations of the Pacific. Site-specific reseach
 

is time-consuming and expensive and many of the 
countries do not have
 

the capabilities to undertake and sustain this kind of research. 
 Some
 

countries are already adopting technologies being developed elsewhere.
 

Transfer of soil-based agrotechnologies 
requires a common language,
 

i.e. a widely used soil classification system and a soil survey
 

program that employs proven specifications.
 

The Soil Management Support Services (SMSS)---a program of
 

international technical assistance of 
the Agency for International
 

Development implemented by the Soll Conservation Service of the U.S.
 

Department of Agriculture--has responded to the needs of 
the region by
 

providing 
technical assistance to many countries. In addition, in
 
response to a recommendation of 
the South Pacific Commission in 1976
 

and requests by some countries, SMSS has already organized 
two Forums
 

in the region. The Forums are part of a 
world-wide program as
 

follows:
 

Forum Number Year 
 Host Country Region/Country
 

Served
 

1 1980 
 Fiji Oceania
 

II 1981 Morocco N. Africa
 

III 1982 Cameroon Cameroon
 

IV 1983 Thailand S.E. Asia
 

V 1983 Papua New Guinea Oceania
 

VI 1983 
 Costa Rica Central America
 

VII 1984 Philippines S.E. Asia
 

VIII 1984 Jordan New East
 

IX 
 1984 Guam 
 Oceania
 

X 1984 Rwanda/Burundi Central Africa
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Scope of the Forum
 

"A nation's success 
in extending the agricultural revolution 
to
 
all its regions will depend in 
large part on its ability to produce
 
substantial numbers 
of people who undeistand national goals and
 
objectives, who command basic farming skills, who are well grounded in
 
agricultural science and technology and who 
are oriented to act fast"
 

S. Wortmann and R.W. Cummings, (1978).
 

The three major objectives of SMSS's Forums are:
 
1. Providing opportunities for individuals to 
acquire skills,
 

knowledge, understanding and attitudes.
 

2. Enabling people to 
assume responsibility early in their
 

careers.
 

3. 
Inspiring individuals to work diligently and purposefully to
 

devise new ways to 
speed progress.
 

The Forums of SMSS are 
focused on Soil Taxonomy. Soil Taxonomy
 
Is the system of soil classification developed 
 by the Soil
 
Conservation Service of the U.S. 
Department of Agriculture over a
 
period of 25 years, 
from 1950 to 1975. Soil scientists from all over
 
the world contributed 
 to the development of the system and
 
consequently it has world wide application -nd has emerged as an 
international soil classification system. More than 35 countries now 
use it as the national classification system and about 30 others are 
using it in addition to another system. The system wa1 designed for
 
making and interpreting 
soil surveys and is ideally suited for
 

agrotechnology transfer.
 

The aim of the IX Forum in Guam was have
to a wide group of
 
scientists participate in an advanced training course 
in Soil Taxonomy
 
and more specifically 
on soil survey methodology. 
 This will enable
 
senior technical personnel 
 in agriculture and 
 other government
 

agencies in the Pacific Region to utilize Soil Taxonomy to:
 

1. Appreciate the basic literature pertaining to 
soil
 

characteristics, soil survey, soil conservation and land 
use.
 
2. Be able to organize or develop specifications for quality
 

V
 



soil surveys in their own countries.
 

3. 	And actively participate in the transfer of agrotechnology
 

both into and within the regions.
 

Participants
 

The Forum was open and invitations sent to qualified personnel
 

from the following countries:
 

Solomon 'slands 
 Federated States of Micronesia
 

Niue Islands Republic of Nauru
 

Western Samoa 
 Tuvalu
 

Tonga 
 Vanuatu
 

Fiji 
 Cook Islands
 

Kiribati 
 New Caledonia
 

Tahiti 
 Guam
 

Papua New Guinea American Samoa
 

Palau 
 Ponape
 

Truk 
 Kosrae
 

Philippines 
 Republic of Belau
 

Commonwealth of The 
 Marshall Islands
 

Northern Mariana 
 Tokelau Islands
 

Islands 
 Wallis and Futuna Islands
 

Participants 
were invited from Malaysia, Thailand, Korea, Taiwan,
 

Indonesia, and the Philippines. The basic qualification was a
 

Bachelor's degree in Agriculture, the Sciences, Geography.
or 


The Forum was designed 
to be most useful to persons who are
 

actively involved in soil survey programs or in agronomic work.
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Opening Address
 

By
 

The Honorable Ricardo J. Bordallo
 

Governor of Guam
 

IX International Forum on Soils
 

Taxonomy and Agrotechnology Transfer
 

UOG Field House, Mangilao
 

Monday, September 3, 1984
 

(Greetings)
 

On behalf of the people of Guam, I welcome all our Pacific
 

neighbors and the experts who have travelled a long way to be here
 

today. I wish you all a warm "Hafa Adai," and wish you an enjoyable
 

and successful conference. We are indeed proud that our island was
 

selected as the site of this forum and we are prouder still to be your
 

hosts.
 

Perhaps only farmers, like myself, ever really pay attention to
 

the nature of the soil beneath our feet, and I find it intriguing to
 

be in the company of people who will spend this entire conference
 

examining and classifying this very substance. I am also thrilled by
 

the fact that Guam's very own soils and clays will be used as examples
 

and as tools of this international effort to standardize the
 

description and classification of all the world's soils and clays.
 

As I understand it, a standardized classification of soils will
 

be vitally important in the development of agricultural successes
 

around the world. I can attest most emphatically to the importance of
 

making correct distinctions, and if I may, I'd like to tell you why.
 

Most of the timc, as I said earlier, people pay little attention
 

to the ground. When a man says dirt or earth or soil, it is merely
 

that red or brown stuff on the ground that turns to mud when it's
 

mixed with water.
 

Some of you may be familiar with my Government House Orchard
 

project, but I'm sure most of our visitors are not. Government House
 

is the official residence of the Governor of the Territory and It is
 

the symbolic home of the people of Guam. It sits on the crest of San
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Ramon Hill overlooking the city of Agana 
and it has one of the
 
island's loveliest panoramic views of the island and the ocean.
 

Its grounds cover several acres, most of which are rolling green
 
lawns and some patches of tangantangan and weeds. Right.now, we are
 
in the process of eliminating the tangantangan and weeds and have
 
already planted over two thousand fruit trees of many kinds. 
 Someday
 
soon, the Government House Orchard will provide 
fresh fruit for
 
everyone who visits 
or who wants some.
 

Not long ago, the Government House gardeners, the employees of
 
the Department of Agriculture, Public Works 
and Parks and Recreation
 
in charge of the orchard project, and I found out the hard way that
 
there is a very significant difference In soil types.
 

We sent for several truckloads of soil to fill in 
some gullies.
 
On Guam, weeds spring up almost overnight, so we knew that before the
 
rainy season 
began, enough weeds would have sprouted up to hold the
 

earth.
 

Well, the trucks came, their loads were dumped, but the weeds did
 
not grow, and the rains came hard and heavy.
 

We were unaware of it at the time, but what the trucks brought
 
was not soil, it was clay. The weeds wouldn't take hold, and when the
 
rain came, a lot of 
that stuff ended up at the bottom of the hill in
 
front of the police station and in the street that leads to 
one of our
 
television stations.
 

Needless to 
say, the T.V. reporters and camera crews were 
right
 
there 
standing in the mud, demanding 
to know how this could have
 
happened and what we intended to do about it.
 

It took a couple of days to clean up the mud and 
to haul it all
 
away, but we do have real soil 
-- the kind that plants like to grow in
 

---up there at Government House now.
 
The moral of this story, ladies 
anu gentlemen, is that when we
 

talk about a kind of 
soil, we better all be talking about the exact
 

same thing.
 

As a man who loves to be close to 
the land and as a Goverror who
 
is committed to the development of a successful and 
viable agricul
tural industry for this Territory, I fully appreciate the efforts all
 
of you are making in the science. 
 I commend you for your willingness
 

to share knowledge and to 
learn new things.
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Although this for many of you will be advanced training in a
 

highly technical field, I speak from the standpoint of a simple farmer
 

who will look more and more to you for the help needed to ensure that
 

he can plant and harvest a good crop.
 

In all sincerity, I wish you a successful Forum and I again
 

welcome all of you to Guam.
 

Thank you.
 

Si Yu'us Ma'ase.
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SOIL MANAGEMENT SUPPORT SERVICES AND INTERNATIONALIZATION OF 

SOIL TAXONOMY 1 

by Hari Eswaran and R.W. Arnold 

Summarized by Fred Young 
Few nations, particularly less developed countries, can afford to 

run agricultural experiments on all of 
 their soils. Therefore,
 
horizontal agrotechnology transfer between nations Is 
 essential.
 
However, to make 
agrotechnology transfer 
effective, a nation 
must
 
understand 
its soil resource and be able to 
communicate about 
the
 
soils in a universally understood language. 
 Soil Taxonomy is such a
 
language, and SMSS 
 was established 
 partly to assist nations,
 
institutions and scientists in using Soil Taxonomy.
 

The overall goal of SMSS 
is increased food production leading to
 
self-sufficiency in the 
less developed countries. 
 To help reach this
 
goal, the general strategies of SMSS are: 1) 
to provide technical
 
assistance in 
soil survey and interpretation, and 
2) to assist in
 
technology transfer by refining Soil Taxonmy for more effective use In
 
tropical countries and by encouraging its greater use in these
 

countries.
 

Soil Taxonomy is being refined via seven international committees
 
(ICOM's), each of which addresses problem areas 
or weak spots In Soil
 

Taxonomy. These are:
 

1. ICOM on Classification of Alfisols and Ultisols with Low
 

Activity Clays (ICOMLAC)
 

2. ICOMOX (on Oxisols)
 

3. ICOMAND (on Andepts or Andisols)
 

4. ICOMMORT (on soil moisture regimes in the tropics)
 

5. ICOMID (on Arioisols)
 

6. ICOMERT (on Vertisols)
 

7. ICOMAQ (on soils with aquic moisture regimes)
 

From Morrison, R.J. and Leslie, D.M. (Editors) 1982. Proceedings of
 

South Pacific Regional Forum on Soil Taxonomy. 1981. Institute of
 
Natural Resources, University of the South Pacific; Suva, Fiji.
 

P.31-45.
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INTRODUCTION TO SOIL SURVEYS
 

THE NATURE, PURPOSES, AND USES
 

Paul A. Bartlett
 

Soil survey is a field investigation of the soils of a specific
 

area, supported by information from other sources. The kinds of soil
 

in the survey area are identified and their extent shown on a map, and
 

an accompanying report describes, defines, classifies, and interprets
 

the soil. Interpretations predict the behavior of the soil under
 

different uses and the soils' response to management. A survey
 

highlights limitations and hazards inherent in the soil, improvements
 

needed to overcome the limitations, and the impact of selected land 

uses on the environment. 

A soil survey is designed for many different users. Farmers, 

ranchers, foresters, and agronomists can use it to evaluate the 

potential of the soil and the management needs for maximum food and
 

fiber production. Planners, community officials, engineers,
 

developers, builders, and homebuyer- can use the survey to plan land
 

use, select sites for construction and identify special practices
 

needed to insure proper performance. Conservationists, teachers,
 

students, and specialists in recreation, wildlife management, wastes
 

disposal and pullution control can use the survey to help them
 

understand, protect, and enhance the environment.
 

Talk given by Paul A. Bartlett, Soil Scientist, Soil Conservatioi,
 

Service, at the Soil Management Support Services Workshop held in
 

Mangilao, Guam, September 3-14, 1985.
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Great difference in soil properties can 
occur within short
 
distances. Some 
soils are seasonally wet 
or subject to flooding.
 
Some are 
shallow to bedrock. Some are too unstable to be used as a
 
foundation for buildings or roads. Clayey 
or wet soils are poorly
 
suited to use as construction sites. 
 A high water table makes a soil
 
poorly suited for underground installations. These and many other
 
soil properties that 
affect land uses are described in a soil survey
 

report.
 

The above discussion introduces you to the nature, purposes, and
 
uses of soil surveys. What process do you go through to achieve the
 

end result? By "Pre-survey Planning."
 

Pre-survey Planning
 
The planning of a soil survey 
should start well in advance of
 

field mapping. Soil surveys are scheduled in long-term plans. 
 Any
 
local, state, or federal agency may propose a new soil survey. 
 New
 
surveys are added according to established priorities.
 

A memorandum of understanding between the 
responsible federal
 
agency and the principal cooperator describes the basis of their
 

collaboration in general terms.
 

The memorandum of understanding clearly 
states the reasons for
 
making the soil survey, what the work will entail, how it will be
 
done, the scale to 
be used in the field and for publication, and who
 
is responsible for the various aspects of operations. 
 The memorandum
 
is signed by authorized representatives of each cooperating agency.
 

The staff of an area depends on the size of the 
area and how
 
rapidly the survey is to be completed. A party leader is in charge of
 
and is responsible 
for the survey. He is responrible for super
vising field work and for keeping its quality high. Additional soil
 
scientists are assigned 
as needed to assist in mapping the area, in
 
collecting technical data, 
and in performing other duties. In some
 
areas, unskilled lcbor can be effectively used for manual tasks. 
 The
 
party leader continually tests the mapping legend. 
 Soil map-' ig and
 
legend testing must be done in the field.
 

As mapping progresses, the party leader reviews the field work of
 
the field party for uniformity of detail, 
 soil identification,
 
accuracy of soil boundaries, and cartographic legibility. He commonly
 
trains some of the field staff, thereby contributing to the quality of
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mapping.
 

The party leader must see that the field sheets are legible,
 

complete, and joined. He Is usually responsbile for writing much of
 

the text and for assembling the manuscript for the published soil
 

surveys. The party leader has the major responsiblity for
 

interpretations of the soils, though specialists in other disciplines
 

contribute important parts.
 

From the start of a survey until the maps and text are submitted
 

for publication, the duties of a party leader focus on maintaining
 

Internal quality and accuracy.
 

Field operations of the soil survey require transporting workers,
 

equipment, supplies, and soil samples. Vehicles are provided to the
 

soil survey party for daily operations. The use of vehicles varies
 

widely from one area to another. In some areas, travel is mainly on
 

roads; In other areas, vehicles must be used to travel across country
 

during mapping or to reach remote sites. Some vehicles must carry
 

power equipment or pull trailers.
 

All vehicles used for the survey should carry workers efficiently
 

and in comfort and safety, hold equipment used regularly and have some
 

reserve capacity to accommodate an extra load, and to protect workers
 

and equipment from adverse weather.
 

In many cases, pickup trucks are desirable. Trucks are available
 

with optional equipment which includes four-speed transmission;
 

four-wheel drive for off-road travel under adverse conditions; high
 

clearance for travel over rough or stony areas; oversized radiators
 

for use in hot climates, for use where the truck engine will be idled
 

for long periods; special tires and wheels for unusual wet, rocky, or
 

sand conditions. In some remote areas vehicles might be equipped with 

two-way radios. 

Specialized vehicles are necessary in some areas. Tracked 

vehicles and all-terrain vehicles (ATV's) may be needed in rugged
 

areas. Marsh buggies with large buoyant tires and a-',oats are used
 

in swamps and marshes. Trailbikes can be used in areas that could
 

otherwise be reached only by walking.
 

Aircraft, particularly helicopters, are used In some soil surveys
 

to transport workers and equipment and to provide broad views of
 

landscape and vegetation. Availability, cost, and lack of convenient
 

landing sites are the main limitations.
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A soil scientist examines the soil often in the course of mapping
 
soil. His most important tools are a spade and 
a soil auger. A spade
 
or shovel 
is used to expose soil sections for examination, sampling,
 
and photography. 
The best spade for ordinary use in mapping is a tile
 
spade which has a rounded point and tapers at the end. A heavy
 
crowbr and pick may be needed to penetrate dry, cemented or compact
 
layers. A mattock is useful for working holes in soils that 
are hard,
 

dry, stony, or gravelly.
 

A post-hole digger is useful for removing deep soil material for
 

examination.
 

Several kinds of barrel augers 
are used. Barrel augers are
 
variously known as post-hole augers, bucket augers, orchard augers,
 
and core augers. They have a cylinder, or barrel, to hold the soil,
 
which is forced into the barrel by cutting lips at the lower end. 
 The
 
upper end of the cylinder is attached to a length of pipe with a
 
crosspiece for turning 
at the top. Barrel augers with special close
 
cutting blades are available for use in sandy soils, very wet loose
 
soils, and very dry soils.
 

Hand probes consist of small-bore tube having a tampered sharp
 
cutting edge slightly smaller 
in bore but larger in outside diameter
 
than the barrel. Approximately one-third 
of the tube Is cut away
 
above the cutting edge 
so that the soil can be observed and removed.
 
Probes 
are about 2.5 cm in diameter and about 
20 to 40 cm long. The
 
tube is attached to a shaft with 
a "T" handle at the opposite end.
 
Probes work well in moist, 
medium-textuied soils 
that are free of
 

gravel, stones, and dense layers.
 
Power augers are commonly mounted on 
a small truck and are
 

powered by the 
truck's engine. Some have independent power plants.
 
The tubes are usually 2.5 to 10 cm in diameter. They 
can remove
 
undisturbed cores of soil 
to a depth of 2 m or more. 
 They function
 
poorly in dry or stony soils and in soils having cemented layers.
 

Backhoes have limitations. Special arra-ments must 
be made to
 
transport equipment that 
is not truck mounted. Operators must be
 
trained and safety standards must be met. Rental costs are high and
 
in many areas machines are not available for rent.
 

Other smaller implements used for examining soils 
are: a sheath
 
knife for probing the 
 soil, for cutting through peds; and a
 
geologist's or 
 mason's hammer for breaking cemented layers and
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examining rock fragments. Various small instruments for measurement
 

and observation are essential. Graduated steel tapes for measuring
 

length and hand lens with magnifications ranging from four times to
 

more than 50 times are used. A soil thermometer is needed by most
 

field scientists. Standard color charts, usually the Munsell soil
 

color charts, are used for reading soil color.
 

Metal or wood clipboards or folders are used for holding the map.
 

If the field sheets are large, a rotary map cylinder is useful.
 

In mountainous areas, an altimeter can be used to determine 

elevation and establish location relative to contours on topographic 

maps. An instrument is needed for measuring slope gradient. The 

Abney hand level is commonly used. For convenience, the scale is
 

graduated In percentage of slope. Clinometers are used in some places
 

to measure slope gradient. They are lighter in weight, easier to
 

carry, and slightly faster to use than an Abney level.
 

A scale for measuring distances on the map is needed. A supply
 

of pencils of different hardnesses should be carried. The hardness
 

chosen is determined by temperature and humidity and by the material
 

of the mapping base. If aerial photographs are used, the pencils
 

should leave a fine dark line that does not smudge easily on handling,
 

but it should not be hard enough to cut the emulsion. Because soil
 

boundaries must be adjusted and the symbols changed frequently, the
 

pencils should make marks that can be erased without smudging and
 

without damaging the mapping base.
 

The quality of the cartographic material used in mapping and for
 

publication affects the accuracy of the map unit boundaries and soil
 

identification, the rate of progress, the methods and costs of map
 

construction, and the quality of the published map.
 

Nearly all mapping bases used in soil surveys are now derived
 

either directly or indirectly from aerial photographs. All available
 

photography is evaluated in relation to both mapping in the field and
 

compiling maps for publication. Sets r' photographs of an area taken
 

over a period of years are valuable references. Generally, using
 

older photographs as the mapping base is expensive. Mapping usually
 

must be transferred to a more recent base for publication because land
 

use has changed or because the older map sheets are not the correct
 

dimensions for printing and binding.
 

For most surveys, purchasing new or recent photography and
 



preparing 
field sheets at the dimension and scale that will be used
 
for publication is more economical. 
 In ordering new photography time
 
must be allowed for purchasing specifications, awarding contracts,
 
photographing the area, and inspection and accepting the work.
 

Aerial photographs 
are widely used as the mapping base in soil
 
surveys. They provide important clues about kinds of soil from
 
features as the shape 
and color of the surface and the vegetation.
 
The relationships between patterns of 
soil and patterns of images on
 
photographs can be learned for an area. 
 These relationships can be
 
used to predict the location of soil boundaries and kinds of soils
 

within them.
 

Several kind- of 
aerial photography are available. Conventional
 
black 
 and white photography and color photography. Infrared
 

photography is also available.
 

High altitude photography is used for field 
mapping wherever
 
local relief is 300 feet or 
less within a radius of 2 miles.
 

Orthophotograph is an aerial photograph with nearly all the image
 
displacement and scale errors removed. Various accuracy tests are
 
performed to 
verify that 90% of the well-defined points tested are 
within .2.19 meters of true horizontal position. An orthophotoquad 

is an orthophotograph formatted to the same size and scale as USGS 
7 -minute topographic quadrangle. Orthophotographs portray an 
abundance of detail and have correct scale and positional accuracy not
 
found in conventional aerial. photography.
 

Topographic maps unlike the other kinds of 
 mapping bases, are not 
photographs. Z% topogr;aihj c map represents both horizontal and 
vertical position of physical features by us'ng standard symbols. 
Published maps usually show such cultural features as roads, 
railroads, and building in h lack; drainage features in blue; and 
contour lines in brown. Most topographic maps are published by the 
U.S. Geological Survey. They are very useful as references. 

The best map scale for .a .-. rvey is determined b many factors. 

The purposes of the map are the main consideration. Soil maps in 
areas of intensive land use are designed for predictions about soil 
use, management, and behavlor in relatively sinail areas. The scale 

must be large enough to permit delineations of most areas significant 
for such predictions. The scale does not have 
to be large enough for 
all property lines, cultural features, works, and structures
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significant for detailed plans to be plotted directly.
 

A large scale increases the number of map reproduction,
 

publication, and storage.
 

Most soil surveys are made at a scale of 1:24,000, 1:20,000, or
 

1:15,840. Scales of 1:24,000 and 1:31,680 are commonly used for
 

surveys in areas of less intensive land use. Scales larger than
 

1:15,840 are needed for highly detailed surveys.
 

Generally, the scale of mapping depends on the intricacy of the
 

soil pattern in relation to the expected intensity of soil use. The
 

patterns of soils are very complex in many areas where potentials do
 

not justify a mapping scale large enough to slow the patterns in
 

detail. Where the purposes of the survey do require that small areas
 

be delineated, the scale must be large enough to pcrmit delineating
 

and labeling the areas. If the field sheets are made at the planned
 

publication scale, the amount of detail that can be drawn in the field
 

is limited to that judged adequate for the purpose of the published
 

survey. Using the publication scale also eliminates the necessity of
 

transferring the field mapping to a difference scale.
 

All soil surveys are made by examining, describing, and
 

classifying soils in the field and delineating their areas on maps.
 

Some surveys are made to serve users who need precise information
 

about the soil resources of areas a few hectares or less in size.
 

They require refined distinctions among small, homogeneous areas of
 

soil. Other surveys are made for users who need a broad perspective
 

of heterogeneous but distinctive areas of thousands of hectares.
 

The elements of a soil survey can be adjusted to provide the most
 

useful product for the principal intended purposes. Different
 

intensities of field study, different degrees of detail in mapping,
 

different phases or levels of abstraction in defining and naming map
 

units, and different map unit designs produce a wide range of soil 

surveys. Adjustments in these elements form the basis for 

differentiating five orders of soil survey. 

First order surveys are made for very intensive land uses 

requiring very detailen information about soils, generally in small
 

areas. The information can be used for irrigation, drainage, truck
 

crops, citrus or other specialty crops or experimental plots,
 

individual building sites, and other uses that require a detailed and
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very precise knowledge of 
the soils and their variability. Map units
 
are mostly consociations with some complexes and are phases of soil or
 
are miscellaneous areas. Delineations have a minimum size of about 
1
 
hectare (2.5 acres) or 
less, depending on scale, and contain a minimum
 
amount of contrasting inclusions 
within the limits permitted by the
 
kind of map unit used. Base scale is generally 1:15,840 (4 inches to
 

the mile) or larger.
 

Second 
order surveys are made for intensive land uses that
 
require detailed information about soil resources for making
 
predictions of suitability 
for use and of treatment needs. The
 
Information can be used 
 in planning for general agriculture,
 
construction, urban development, and similar uses 
that require precise
 
knowledge of the soils and their variability. Map units are mostly
 
consociations 
and complexes. Occasional undifferentiated groups or
 
associations are 
also used. Components of 
map units are phases of
 
soil series or are miscellaneous areas; map units named at a
 
categorical 
level above the series can be used. Delineations are
 
variable in size, with 
a minimum of 0.6 to 4 hectares (1.5 to 10
 
acres) depending on landscape complexity and survey objectives. Base
 
map scale is generally 1:12,000 
(5.3 inches to the mile) to 1:31,680
 
(2.0 inches to 
the mile), depending on the complexity of the soil
 

pattern within the area.
 

Third order surveys are made for extensive land uses that do not
 
require precise knowledge of small areas or 
 detailed soils
 
information. Such survey areas 
are usually dominated by single land
 
use and have f w subordinate uses. The information can lie used 
in
 
planning for range, 
 forest, recreational areas, and similarly
 

extensive land uses and in community planning.
 

Field procedures permit plotting of soil
most boundaries by 
interpretation of remotely sensed data. Boundaries are verified by 
direct observations. The soils are identified by transecting 
representative "-,as and applying the informatinn to like areas. Some 
additional observations are made for verification. Map unit- are 
mostly associations, but complexes, consociations and undifferentiated 
groups can be used. )elineations have a mlinimum size of about 1.6 to 
256 hectares (4 to 640 acres) depending on the survey objcctives and 
complexity of the landscapes. Base map scale is generally 1:20,000 
(3.2 in./mile) to 
 1:250,000 (0.253 in./mile), depending on the
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complexity of the soil pattern and intended use of the maps.
 

Fourth order surveys are made for extensive land uses that need
 

general information for broad statements concerning land-use potential
 

and general land management. The information can be used in locating,
 

comparing, and selecting suitable areas for major kinds of land use,
 

in regional land-use planning, and in selecting areas for more 

intensive study and investigation. 

Field procedures permit plotting of soil boundaries by 

interpretation of remotely sensed data. The soils are identified by
 

transecting representative areas to determine soil patterns and
 

composition of map units and applying the information to like areas.
 

Most map units are associations, but some consoclations and
 

undifferentiated groups may be used in some surveys . Minimum size of
 

delineations is at least 40 to 4,000 hectares (100 to 200 acres) and
 

contrasting inclusions vary in size and amount within the limits
 

permitted by the kind of map unit used. Base map scale is generally
 

1:100,000 (0.634 in./mile) to 1:1,000,000 (0.63 in./mile).
 

Fifth order surveys are made to collect soils information in very
 

large areas at a level of detail suitable for planning regional land
 

use and interpreting information at a high level of generalization.
 

The primary use of this information is selection of areas for more
 

intensive study.
 

Field procedures consist of mapping representative areas of 39 to
 

65 square kilometers (15 to 25 square miles) to determine soil
 

patterns and composition of map units. This information is then
 

applied to like areas by interpretation of remotely sensed data.
 

Soils are identified by a few on-site observations or by traversing.
 

Most map units are associations, but some consociations and
 

undifferentiated groups may be used. Minimum size of delineations is
 

about 1,000 to 4,000 hectares (2,500 to 10,000 acres). Base map scale
 

ranges from about 1:500,000 (0.127 in./mile) to 1:1,000,000 (0.063
 

in./mile) or smaller.
 

Some soil survey areas have two or more separate and distinct
 

parts that have different needs. For example, one part may be mapped
 

to make predictions that pertain to irrigation farming but the other
 

to make predictions that relate to range management. Large separate
 

and distinct areas that are within the same project but surveyed by
 

different methods are distinguished clearly by boundaries on the
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published soil map or a small-scale inset map. 
 The two parts have
 
separate legends. The parts are considered as distinctly different
 
orders of soil survey, but the resultv are reported in the same
 

publications.
 

REFERENCE
 

Chapter 3, National Soils Handbook, U.S. Department of
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SOIL DESCRIPTIONSa
 
b
 

H. Ikawa
 

Introduction
 

Soil descriptions are part of the important field data collected
 

by soil scientists in making soil surveys. These field records are
 

used, for example, in soil correlation, soil classification as well as
 

in soil interpretation, and these records together with other data
 

form the basis for site characterization. Site characterization,
 

which includes the various soil and land characteristics, together
 

with the land use requirements, of course, are essential in evaluating
 

lands for a specified purpose.
 

The Soil Survey Manual is the basic reference for making soil
 

descriptions. The soil scientist, therefore, must be familiar with
 

this manual. Condensed version of the contents in the Soil Survey
 

Manual is found in the appendix of Soil Taxonomy.
 

Collection of Field Information
 

Soil descriptions must be collected in a standardized way, either
 

in narrative or coded form. Once familiar with the narrative form,
 

the soil scientist can prepare the coded form, using recording sheets
 

such as form 232G (figure 1) of the Soil Conservation Service (SCS),
 

USDA.
 

Recording sheets such as form 232G lend itself to uniform and
 

complete data collection. Codes, furthermore, can be used to record
 

information and they can be stored and retrieved efficiently by means
 

of computer. Figures 2 and 3 are examples of a computerized soil
 

description as reproduced by the SCS using a microcomputer and an
 

appropriate printer.
 

a Prepared for presentation at the Ninth International Forum on Soil
 

Taxonomy and Agrotechnology Transfer, Mangilao, Guam, September
 

3-14, 1984.
 

b Associate Soil Scientist, IBSNAT Project, Department of Agronomy and
 

Soil Science, University of Hawaii, Honolulu, Hawaii 96822, U.S.A.
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Soil descriptions are important field data. 
 In fact, almost all
 

soil data banks will accept laboratory data only if they are
 
accompanied by good soil descriptions. Soil survey investigation
 

reports and 
other publications with selected soil descriptions and
 
laboratory data are examples of the output of such a soil data bank.
 

As figure 
1 shows, information associated with land-related
 

features such as location, climatic as well as other soil forming 
factors, and other physical characteristics can be systematically 
recorded. Morphological and related properties, such as soil color, 
texture, structure, consistence, pore space, root space, and soil
 

horizon boundary can also be recorded.
 

The Forum participants are asked to use the 
Soil Survey Manual
 

(the draft of the revised edition, if available) or the appendix of
 
Soil Taxonomy to review the procedures in making soil descriptions.
 
Alternatively, they may use "Definitions" and abbreviations for Soil
 
Descriptions" published by the West Technical Service Center of 
SCS,
 
Portland, Oregon (174). 
 Following the classroom discussion, there
 

will be field work when there should be ample opportunity to practice
 

describing soil profiles.
 

New Designations for Soil Horizons and Layers
 
In the U.S., certain changes have been made In designating soil
 

horizons and layers. These changes have 
been made to conform as
 
closely as possible to 
 other systems that are commonly used
 

internationally (Guthrie and Witty, 1982). 
 These changes are reported
 
not only by Guthrie and Witty, but also by Wilding 
et al. (183).
 
Until such time that the revised Soil Survey Manual is published in
 

the U.S., references such as 
those cited should be used in designating
 

soil horizons and layers.
 

According to the latest procedure, capital letters, lowercase
 

letters and Arabic numerals are used. As in the 
old procedure,
 

capital letters are used to designate master horizons. A new letter
 

E, however, Is used to replace the old A2 
or the eluvial horizon.
 

Lowercase letters are used as suffixes to show specific
 
characteristics of 
the master horizon. The convention is unchanged, 

as the case of p for plow layer and t for clay accumulation, but the
 
designation is changed 
as in the case of c for concretions or nodules,
 

k for carbonate accumulation, z for salt accumulation, and so on.
 
Arabic numerals are used 
not only as suffixes to indicate
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vertical subdivisions within a horizon but also as prefixes to
 

differentiate discontinuities such as those related to lithology.
 

The approximate comparison between the old and new horizon 

symbols are as follows: 

a. master horizons and layers 

Old New Old New 
0 

01 
02 
A 

Al 

0 
Oi,Oe 
Oa,Oe 
A 
A 

AB 
A&B 
AC 
B 

BI 

--

E/B 
AC 
B 

BA or BE 
A2 
A3 

E 
AB or EB 

B&A 
B2 
B3 
C 
R 

B/E 
B or Bw 

BC or CB 
C 
R 

b. Subordinate distinctions within master horizons
 

Old New 
-- a highly decomposed organic matter 
b b buried soil horizon 

cn c concretions or nodules 
-- e intermediately decomposed organic matter 
f f frozen soil
 
h h illuvial accumulation of organic matter 

-- i slightly decomposed organic matter 
ca k accumulation of carbonates 
m m cementation 

sa n accumulation of sodium 
-- o residual accumulation of sesquioxides 
p p plowing or other disturbance
 

si q accumulation of silica
 
r r weathered or soft bedrock
 

ir s illuvial accumulation of sesquioxides
 
t t accumulation of clay 

-- v plinthite 
-- w color or structural B 
x x fragipan character
 

cs y accumulation of gypsum
 
sa z accumulation of salts
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SCS-SOILS-232G 
-REV. 12-70 

FILE CODE SOILS-11 SOIL DESCRIPTION 
U.S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

Soil type File No. 

Area Date Stop No. 
Classification 

Lcation 
N. veg. (or crop) Climate 
Parent material 

Physiography 
Relief Drainage Salt or alkali 
Elevation Gr. water Stoniness 
Slope Moisture 
Aspect Root distrib. %Clay* 
Erosion %Coarse Iragments %Coarser than V.F.S. 
Permeability 
Additional notes 

__Control section average 

Color Consistence
Horizon Depth Texture Structure Reac - Bound -

Dry Moist Dry Moist Wet tion ary 
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Fi-. 2
 

V 	 NSSL ID #3 84P0213
SERIES: Guam 


SOIL SURVEY # S98GU-066-006
 

..OCATION: Guam. Northwest portion of Fred Quitiguas farm.
 

ATITUDE: 
 LONGITUDE:
 

PHYSIOGRAPHY2 Upland slope in Mountains or deeply dissected plateaus
 

SLOPE CHARACTERISTICS: 2 %, northwest facing ELEVATIONs m MSL
 

PRECIPITATION: MLRA2
 

AATER TABLE DEPTH (cm): PERMEABILITY: Moderately rapid
 

DRAINAGE: Somewhat excessively drained
 

STONINESS:
 
PARENT MATERIAL: Unconsolidated sediments from limestone material
 

CLASSIFICATION: Fine. gibbsitic, nonacid, isohyperthermic Lithic Ustorthent
 

DIAGNOSTIC HORIZONS:
 
3ESCRIBED BY: F. J. Young SAMPLE DATE$ 09/98
 

This 	site has been farmed and represents the results ot cultivation on the Guam soil series. Hue ir Ap horizons is intermediate
 

between 2.5YR and 5YR.
 

Oi--2 to 0 cm; undecomposed organic%.
 
Not sampled. Loose dry leaves and grass. 10% gravel.
 

Apl--0 to 10 cm; gravelly clay loam; dark reddish brown (SYR 3/4) moist; weak verw fins
 

subangular blocky parting to weak very fine granular structure; loose, verw friabl', slightly
 

stickw, slightly plastic; many very fine to fine and common medium roots; "anw verw fim
 

interstitial and common very fine tubular pore.l clear smooth boundary.
 

Few coarse roots. About 25% irregular limestone gravel.
 

84P1108
 

Ap2--10 to 20 cm; gravelly claw loam.
 

Identical to Apl except for a decrease in medium and coarse roots. Separated for sampling
 

purposes.
 

84P1109
 

Cl--20 to 30 cm; gravelly clay loam; yellowish red (SYR 5/&) moist; weak verW fine granular
 

structure; loose, very friable, slightlw sticky, slightly plastic; abrupt wavw boundarw.
 

About 30% limestone gravel mostly fine. Horizon occcurs as a pocket 15 cm across in the surface of
 

the limestone.
 

84Pl110
 

R--20 to 30 cm; unknown texture.
 

White soft Porous coralline limestone. Surface can be chipped with difficultW.
 

84P1111
 



-----------------------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------

Fig. 3 
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HORIZON # 1 Not sampled. Loose dry leaves and grass. 
10% gravel.

HORIZON # 2 Few coarse -Dots. About 25% 
irregular limestone gravel.

HORIZON # 3 Identical 
to Apt except for a decrease In.medium and coarse roots. Separated for sampling purposes.
HORIZON # 4 About 30% limestone gravel mostly 
fine. Horizon occcurs as a Pocket 15 
cm acros5 in the surface of
 
the limestone.
 
HORIZON # 5 White soft 
porous coralline limestone. Surface can 
be dhipped with dlfficultu.
 

U, 
r~j 



Miscellaneous Remarks
 

In recording soil colors, note should be made whether it Is dry
 

or moist color. Furthermore, in writing the Munsell notation, care
 

should be taken to leave a space only between the hue and value and
 

this notation should be enclosed in parentheses; for example, for dark
 

reddish brown (5YR 3/4).
 

In reporting characteristics such as clay films in Ultisols or
 

slickensides in Vertisols, a note relating to their absence if absent,
 

may be most useful.
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BASIC CONCEPTS AND PHILOSOPHY OF SOIL TAXONOMY
 
1
 

by Hari Eswaran


Summarized by Fred Young
 

Historical Background
 

Work on Soil Taxonomy started in about 1950 the
as a response to 


growing inadequacies of the earlier 
(1938) classification system.
 
After several hundred man-years of effort, Soil Taxonomy was published
 

In 1975.
 

Logic of the System
 

Three points are made about classification systems in general: I)
 

the system must have the flexibility to change as more 
information
 
becomes available, 2) a classification has specific objectives, and 3)
 

a classification requires the grouping of objects based 
on properties
 

which those objects have in common.
 

The Unit of Classification
 

Identifying the soil individual is difficult because soils are a
 
continuum across the landscape. 
 The soil unit is defined as a
 
"pedon", and 
Is the unit of sampling. On the 
landscape, contiguous
 
pedons with similar properties are grouped as 
a "polypedon". We
 

classify the polypedon.
 

Characteristics Used for Classification
 

There are three 
types of characteristics: 1) differentiating-a
 

characteristic that is 
used as the basis of grouping, 2) accessory-a
 

characteristic that covaries with the differentiating properties, and
 
3) accidental-a charateristic unrelated to 
'he basis of grouping.
 

The following rules 
are used in Soil Taxonomy:
 

1). The definitions must 
be precise and quantitative.
 

2). The taxonomy must be multicategoric, with lower categories
 

having increasing numbers of classes.
 

3). The 
taxa should be concepts of real, existing E__is.
 

4). Differentiae should be observable, measurable properties.
 

Morrison, R.J. and Leslie, D.M. (Editors) 1982. Proceedings of
 

the South Pacific Regional Forum on Soil Taxonomy, Suva, Fiji,

2-13, Nov. 1981. 
 Tnstitute of Natural Resources, The Univeristy
 
of the South Pacific, Suva, Fiji. P. 45-58.
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5). The taxonomy should be capable of modification to fit new
 

knowledge.
 

6). The differentiae should allow for keeping on undisturbed soil and
 

its cultivated equivalents in the same taxon.
 

7). The taxonomy must provide taxa for all soils.
 

Taxa and Categories
 

Taxa - a group of individuals that form a class.
 

Category - a group of taxa.
 

In Soil Taxonomy, there are 6 categories: order, suborder, great
 

group, subgroup, family and series.
 

Orders
 

Differentiated by the presence or absence of diagnostic horizons.
 

There are 10 orders of Soil Taxonomy.
 

Suborders
 

Based on properties that affect soil development, such as
 

moisture and temperature. 47 suborders are presently recogonized.
 

Great Groups
 

Numerous soil properties are identified, and the entire soil is
 

characterized. About 200 great groups have been identified in the
 

U.S.
 

Subgroups
 

3 basic types: 1) typic, which defines the central concept of the
 

great groups, 2) Intergrades, which define the relationship to other
 

orders, suborders or great groups, 3) extragrades, which have
 

properties not used in higher categories.
 

Families
 

Soils with similar properties affecting use and management. The
 

main family grouping are particle size, mineralogy, temperature, and
 

thickness.
 

Series
 

Series must meet 3 tests: 1) The properties must be observable.
 

2) These properties must fall withir a certain range of
 

characteristics. 3) The properties must relate to the soil horizons,
 

if present.
 

Diagnostic Horizons
 

Diagnostic surface and subsurface horizons are used in Soil
 

Taxonomy Instead of the conventional A., B, and C horizons. The
 

surface horizon is called a epipedon. Soil Taxonomy defines 
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epipedons, and several diagnostic subsurface horizons. 
 Other
 
diagnostic soil characteristics include moisture and temperature.
 

Taxonomic Placement of Soil
 

To classify a soil, it is imperative to use the keys provided for
 
the descending hierarchy of categories in Soil Taxonomy. 
 The
 
classifier must check 
the definition of each 
taxon in each category
 
before proceeding to the key of the next lower category.
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OXISOLS OF THE WORLD
 

H. Eswaran, H. Ikawa and J.M Kimble
 

(summarized by Fred Young)
 

Even in very early soil studies, the red soils of the tropics
 

were considered as special. Early British literature used the term
 

'red earths', later giving way 
to the term 'lateritic soils'. In
 

1947, the term 'Oxisol' was used for these tropical, highly weathered
 

soils.
 

Oxisol are defined by the presence of the diagnostic 'oxic'
 

horizon, which has a low CEC, very few weatherable minerals and no
 

translocated clay (for the precise definition, see Soil Taxonomy).
 

The chemistry of the soil is important for Oxisol classification, and
 

the CEC requirements are such that 2:1 clays and 'amorphous' clays are
 

excluded. Sandy soils are also excluded. The oxic horizon is the
 

result of the intense weathering which produces clay of low charge.
 

Aquic clays with continuous plinthite at shallow depths also
 

qualify as Oxicols. These soils will be excluded upon revision of the
 

Oxisol order.
 

Five suborders are defined, based on soil moisture and
 

temperture. They are:
 

1) Aquox- aquic moisture regime
 

2) Humox- high organic matter, cool temperatures
 

3) Orthox- udic or perudic moisture regime
 

4) Torrox- aridic moisture regime
 

5) Ustrox- ustic moisture regime
 

Genesis of Oxisols-Orgin of the Material
 

The parent material of Oxisols may be either "allochthonous'
 

(reworked, transported material) or 'autochthonous' (formed in place,
 

directly from rock).
 

Autochthonous Oxisols generally occur on younger landscapes. In
 

1
these highly weathered soi , however, the exact origin of the
 

materials is often difficult to establish.
 

From "Symposium on Red Soils" organized by Institute of Soil Science,
 

Academia Sinica, Peoples Republic of China, November 15-19,
 

1983.
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Soil 	Forming Processes
 

Oxisols can be grouped based on 3 geomorphic environments:
 

1) level or undulating landscapes
 

2) old surfaces at high elevations
 

3) depressions or valley bottoms
 

Most 	Oxisols on level or undulating old surfaces are very deep
 

(2-lO+m) and very uniform in texture, color, mineralogy, etc. Certain
 

parent rocks (i.e.ultrabasics, limestone) weather to Oxisols that
 
contain gibbsite concretions and sheets. Oxisols 
derived from rocks
 

high 	in iron tend to have high amounts of goethite, hematite and other
 

iron minerals. In cooler 
 climates organic matter accumulates,
 

producing Oxisols and 
mollic or umbric epipedons. Oxisols with
 

sombric subsurface horizons (probably buried surfaces) are found in
 

this 	type of climate.
 

Oxisols in depressions and valleys are formed 
in erosional
 

products from surrounding upland Oxisols. 
 These are generally the
 
Aquox soils. Plinthite formation is 
associated with a fluctuating
 

water table. If dried, plinthite hardens irreversibly to
 

petroplinthite.
 

Weathering
 

In Oxisols, weathering processes dominate 
the other soil-fcrming
 

processes. 
 Even secondary minerals are weathered. Removal of silica
 

and residual accumulation of 
iron and aluminum oxides and oxyhydrates
 

is the main weathering process. Most aluminum 
crystallized out as
 
gibbsite, or enters the interlayers of muscovite 
to form aluminum
 

chlorite. IiL gibbsi-great groups, 
gibbsite has segregated into sheets
 

or gravel. This gravel is reddish brown, and 
if broken, the sugary
 

crystals of gibbsite can be seen.
 

The iron released upon weathering precipitates on alumino

silicate clay surfaces as ferric hydroxide. Iron can also cument the
 

clay platelets. Trui, 
 oxides are responsible for soils with net
 
positive charges (in some acri 
- great groups), and for soils with a
 

zero point of charge (ZPC) at relatively high pH values (i.e. pH
 

6.2).
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Distribution of Oxisols
 

Oxisols are perhaps the only group of soils that are truly
 

confined to the tropics. This is because 1) high temperatures and
 

rainfall are necessary to induce intense weathering, and 2) soils at
 

higher latitudes were reworked by glaciers during the Ice Age.
 

Optimal conditions for Oxisols formation are inudic or perudic,
 

isohyperthermic climates, thus most Oxisols are Orthox. However, the
 

largest contiguous areas of Oxisols are ustic, primarily because these
 

areas are older.
 

Oxisols occupy about 8.5% of the land area of the world. About
 

75% of the Oxisols are in South and Central America (virtually all In
 

the Amazon Basin), 22% in Africa and the balance in Asia and Oceania.
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MOLLISOLS
 

by Paul A. Bartlett
 
In the development of "Soil Taxonomy" the Mollisol order grouped
 

those soils with thick, dark colored, humus rich 
surface horizons,
 
having moderate to high base status, that are 
found in the steppes of
 
Asia and the prairies of 
north America. Most Mollisols had formed
 
under the influence of dominantly grass vegetation.
 

The cental concept of the Mollisols is the mollic epipedon and a
 
base saturation 
50 percent in the control section. Mollisols must
 
have a mollic epipedon or have a surface horizon that, after mixing to
 
a depth of 
18 cm, meets all the requirements of a mollic epipedon
 
(except thickness). The development of the mollic epipedon concept
 
was a major innovation of "Soil Taxonomy" for it was 
the common
 
feature that 
grouped the Brunizems, Chernozems, Chestnut soils and
 
Reddish Prairie soils, i.e., 
the grasslands soils of the world.
 

The criteria required for a mollic epipedon (and the rationale
 

for the selection) are as follows:
 

I. It must have sufficiently strong soil structure 
that the
 
major part of the horizon is not both massive and hard (or very hard)
 
when dry. This criterion was used to 
separate the non-calcic brown
 
and similar soils of California and eleswhere from the Mollisols. The
 
intention was that Mollisols could be dug fairly easily.
 

2. The mollic epipedon is dark colored, 
having a moist color
 
value of 3.5 or darker, a dry color value of 5.5 or darker and a moist
 
chroma of 3.5 or darker. These color values are those formed under
 

forest cover.
 

3. The base saturation (by the ammonium 
acetate method) is 50
 
percent. This limit was found to be suitable for grouping 
all the
 
soils intended for inclusion in the Mollisol order.
 

4. The organic carbon content is 
at least (0.6% (1% organic
 
matte-'. This 
 limit correlated well with 
 the soils that were
 
considered suitable for non-irrigated cultivation. The 
low level of
 
this limit has been questioned on many occasions. Dr. Guy Smith
 
commenting 
on this said: "There are 
series of dark colored sands in
 
the drier parts of the Great Plains, U.S.A. 
They are used for grazing
 
and production of winter wheat. 
The organic carbon of those that have
 
not been cultivated Is considerably higher than 0.6%. Under
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cultivation, the organic carbon has been reduced both by oxidation and
 

soil blowing, but the color and apparent texture are not significantly
 

affected. The low limit was set in order to avoid splitting the
 

series. It is possible that a more complicated limit, varying with
 

texture, would have been better, but the data to draft and test such a
 

definition were too few".
 

5. The mollic epipedon must meet certain thickness requirements
 

(see Fig. 1). The thickness requirements were selected to separate
 

those soils that naturally supported enough vegetation to indicate
 

that they would also be suitable for non-irrigated agriculture all
 

other crop-growth factors being favorable.
 

6. The mollic epipedon contains less than 250 ppm of P205
 

extractable in 1% citric acid (unless the soil is developed on a
 

highly phosphatic parent material). This requirement was selected to
 

exclude historical village sites or other areas disturbed or
 

influenced by man (the Anthropic epipedon was proposed to cover these
 

soils).
 

7. The mollic epipedon (when not irrigated) is moist in.some
 

part for 3 months or more at a time during the year when the soil
 

temperature is favorable for crop growth. This criterion was used to
 

separate soils that have traditionally been used to produce crops
 

(particularly grain) from those that are too dry to cultivate without
 

irrigation.
 

8. The n value of 0.7. This requirement excludes smarshy soils
 

(Hydraquents) from the Mollisols, even though they meet all the other
 

requirements of a mollic epipedon. These soils differ considerably
 

from the typical Mollisols in their engineering properties.
 

The mollic epipedon is required for all Mollisols but is
 

permitted in 4 other: Alfisols, Vertisols, Ultisols, and Inceptisols.
 

Mollisols are mineral soils and the presence of the mollic epipedon as
 

defined above separates the Mollisols from the the Histosols,
 

Aridisols, and Entisols. If there is an argillic horizon present
 

below the mollic epipedon, the base saturation (in the argillic
 

horizon) must be 50% (By NH40Ac method) and this separates the
 

Mollisols from the Ultisols. To distinguish the Mollisols from the
 

Alfisols, the Mollisols must have base saturation 50% in all
 

subdivisions of any argillic horizon to a depth of 1.8 m below the
 

surface of 1.25 m below the upper boundary of the argillih horizon,
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plus a surface horizon that 
meets all the requirements of a mollic
 
epipedon. Mollisols do not have 
an oxic or shallow spodic horizon
 
distinguishing the Oxisols and Spodosols. Mollisols do not exhibit
 
the deep cracking or other features characteristic of the Vertisols.
 

Mollisols may have a large variety 
of subsurface and/or
 
diagnostic characteristics, 
e.g. cambic horizon, argillic horizon,
 
albic horizon, calcic horizon, 
duripan or such horizons may be
 
entirely absent. 
 Not all soils with mollic epipedons are Mollisols,
 
e.g. low bulk density soils formed in volcanic materials high in
 

amorphous would classify as Andepts 
or Andisols.
 

Mollisols 
occur in a range of climatic zones; they are most
 
commonly found In 
subhumid and semi-arid areas, less frequently in
 
humid areas. 
 Temperature regimes range from cryic to isohyperthermic.
 

In warmer climates Mollisols are extensively cultivated; the
 
production of grains 
and sorghum is common in drier climates with
 
maize or soybeans being produced in more humid areas.
 

In the development of "Soil Taxonomy" an attempt was made to
 
limit diagnostic criteria to only subsurface horizons. However, the
 
mollic epipedon was the only feature 
found to be common to all the
 
"grassland" soils. Thus, 
it became necessary to use epipedons as
 

diagnostic features in that 
they may be removed by erosion (either
 
natural or more commonly as a result of agricultural development)
 
leading to the change in the classification of the soil at the order
 
level. For example, a common feature of 
soil maps is to find complex
 
mapping units consisting of say a Typic Haplustoll (retaining the
 
mollic epipedon) and a Typic Ustorthent (where the mollic epipedon has
 
been eroded and the cambic horizon no longer meets the minimum
 

thickness requirements).
 

There are seven suborders of Mollisols, five of which are based
 

on soil climate. They are:
 

Albolls - requiring the presence of an albic horizon
 

Aquolls  have an aquic moisture regime or characteristics
 

associated with wetness
 
Rendolls- have highly calcareous subsurface material, an udic
 

moisture regime or a cryic temperature regime
 

Xerolls - have an xeric moisture regimes or an aridic moisture
 

regime bordering on xeric
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Borolls - cold Mollisols
 

Ustolls - have an ustic moisture regime or an aridic moisture
 

regime that borders on ustic
 

Udolls - other moist Mollisols
 

Within the intertropical zone the commonly founded Mollisols will
 

be Aquolls, Rendolls, Ustolls and Udolls. These tropical and
 

subtropical Mollisols with the exception of the Rendolls (for which no
 

great group have been proposed) are separated at the great group level
 

using temperature criteria, together with the presence or absence of
 

argillic, natric, calcic, ale, duripan and earthworm activity
 

features. Separation of the subgroup level is made on the basis of
 

moisture and temperature criteria, thickness, depth, oxic, sandy,
 

vertic, cambic, histic, calcic and argillic features.
 

5. One major discussion point that arises frequently when
 

dealing with Mollisols of the intertropical zones is the absence of
 

Trop-great groups or subgroups. At present the tropical Mollisols are
 

separated at the family level using the iso-temperature classes. The
 

introduction of Trop-great groups or subgroups would require a major
 

revision of the lower categories of the Aquolls, Rendolls, Ustolls and
 

Udolls. With the recent increase in information on tropical soils
 

together with the tact that Mollisols are more common in tropical
 

areas that was orginially believed it may be necessary to re-evaluate
 

these suborders if it is found that the Trop-features are important
 

for the utilization of the soils.
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ENTISOLS
 

By Paul A. Bartlett
 

The central concept of the Entisols is that of soils that have 

little or no evidence of development of pedogenic horizons. Many 

Entisols have an ochric epipedon and a few have an anthropic epipedon. 

A few that are sands have an albic horizon. Some In coastal marshes 

have a histic epipedon that consists of organic matter. Most of them 

do not have horizons. 

There are several reasons why horizons have not formed. In many
 

of the soils, the time has been too short. Some of these soils are on
 

steep, actively eroding slopes, and others are on flood plains or
 

glacial out wash plains that received new deposits of alluvium at
 

frequent intervals. But some Entisols are very old, and they consist
 

mostLy of quartz or other minerals that do not alter to form horizons.
 

Buried horizons are permitted in Entisols if they are buried to a
 

depth of more than 50 cm.
 

Entisols may have any moisture or temperature regime, parent
 

material, vegetation, or age but not a combination of a pergelic
 

temperature regime and an aquic or peraquic moisture regime. The only
 

features common to all soils of the order are the virtual absence of
 

horizons and the mineral nature of the soil.
 

The criteria required for Entisols are as follows: they must
 

meet requirement 3 and either I or 2:
 

1. Have sulfidic material within 50 cm of the mineral soil
 

surface, have an n value of more than 0.7 and more than 8 percent clay
 

in all subhorizons between 20 and 50 cm below the mineral surface and
 

do not have permafrost.
 

2. Do not have a diagnostic horizons, unless it is buried
 

horizons, other than an ochric epipedon, an anthropic epipedon, an
 

albic horizon or a spodic horizon that has its upper boundary deeper
 

than 2 m, and may have any of the following subject to the requirement
 

stated:
 

a. A salic horizon except that, if the soil is saturated with
 

water within I m of the surface for 1 month or more In some years and
 

has not been irrigated, the upper boundary of the salic horizon must
 

be 75 cm or more below the surface:
 

b. If the soil is saturated 	with water within i m of the
 

surface 	for 1 month or more when not frozen in any part, the sodium
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absorption ratio 
(SAR) may exceed 13 percent (or sodium saturation, 15
 
percent) in more than half of the upper 50 
cm only if SAR increases or
 
remains constant with depth below 50 cm.
 

c. 
 A calcic, petrocalcic, petrogypstic 
or a placit horizon or
 
duripan if its upper boundary is more than the
1 m below surface
 
(these are presumed to be buried soil horizons or layers of geologic
 

origin);
 

d. 
 If the texture is loamy fine sand or coarser to a depth of I
 
m, plinthite may be present in the form 
of discrete nodules or
 
disconnected 
soft red mottles if it constitutes less than half the
 

volume in all subhorizons;
 

e. 	 Buried diagnostic horizons may be present 
either if the
 
surface of the buried soil is 
at a depth between 30 and 50 cm and the
 
thickness of the buried 
soil 	is 
less than twice the thickness of the
 
overlying deposits or if the buried soil is deeper than 50 cm; 
or
 

f. 	 Ironstone at any depth;
 

g. 	 A histic epipedon if 
sulfidic material is present with 50
 
cm of the mineral soil surface or n value is more 
than 0.7 and there
 
is more than 8 percent clay in all subhorizons between 20 and 50 cm
 

below the mineral surface.
 

3. 	 If there are cracks in most years as wide as 
I cm at a depth
 
of 50 cm when not irrigated, Entisols, after the upper soil to 
a depth
 
of 18 cm Is mixed, have less than 30 percent clay in some subhorizons
 
within a depth of 50 
cm or do not have any of the following:
 

a. 	 Gilgai;
 

b. 	 At any depth between 25 cm and I m, wedge-shaped natural
 
structural aggregates that have been long axes tilted at 
100
 

to 600 from the horizonal; or
 

c. 	 At any depth between 25 cm and I m, slickensides close
 

enough to intersect.
 

The definition of Entisols must provide i riteria 
to separate
 
Entisols from all other orders.
 

Reference
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No. 436, U.S. Government Printing Office, Washington. D .C.,
 
754 p.
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SOIL FAMILIES
 

R.J. Morrison
 

Institute of Natural Resources
 

University of South Pacific
 

P.O. Box 1168
 

Suva, FIJI
 

The concepts of a family of soils as a grouping (of soils) having
 

similar properties has been in use for a long time, but it is only
 

with the development of Soil Taxonomy (Soil Survey Staff, 1975) that a
 

coherent system of making such groupings has evolved.
 

Shaw (1928) had the family as a fifth level in a heirarchy of
 

nine levels and soils were separated into families on the basis of the
 

kinds of root-limiting horizons which existed or were presumed to have
 

potential for developments: (a) claypans), (b) ironpans, (c) lime-iron
 

pans, (d) lime hardpans.
 

Baldwin: et al. (138) had the family as category III in a six 

category classification heirarchy and introduced the family as follows 

- "Groups of soils between the series and great soil groups, or 

families of closely related soil series have been recognized".
 

However, there were problems with this category as indicated by the
 

following statement:
 

"On the whole, however, there has been no consistent grouping of
 

all series into strictly defined families intermediate between
 

the soil series and the great soil groups, and based on soil
 

characteristics. This problem may be expected to receive an
 

increasing amount of attention as research proceeds".
 

Little progress seems to have been made before 1949 when Riecken
 

and Smith in a review of lower categories of soil classification
 

stated: "At present there is little published material for g.Idance
 

in the grouping of series into families". However, these authors did
 

recognize the need for a category of soils intermediate between the
 

great soil group and the series categories and concluded with th

statement: "It would seem fat the family category is necessary to a
 

natural system of classification, but statements about this category
 

must await the development of family groups" (Riecken and Smith,
 

1949).
 

This was the position when the development of Soil Taxonomy began
 

in 1951. This development is described in some detail by Cline
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1979). From the outset attempts were made to group soil series into
 
families, 
and one important aspect was the requirement that these
 
family groupings -,ould be based on properties relevant to management.
 
This is 
clearly indicated in the following comments taken from a
 
memorandum written by G.D. 
Smith to participate at a USDA-SCS Work
 
Planning Conference in March 1952 
(from Cline (1979): "If we succeed
 
in making the 
(low) family groups of soils about which we can make
 
fairly specific management recommendations 
for given phases, soil
 
temperature and soil moisture or substitutes must be in the system".
 
Thus through the evolution of Soil 
Taxonomy various criteria were
 
tested in an attempt to group soil series on 
the basis of properties
 
that are important for the management and use of soils. Definitions
 
of the criteria and the limits 
were tested repeatedly until by the
 
seventh approximation (Soil Survey Staff, 1960) the grouping of soils
 
series into families was based on criteria that "provide families that
 
will be relatively homogeneous with respect 
to soil-air, soil-water,
 
and plant-root relationshipR and to nutrient-supplying capacities for
 
the major elements other than nitrogen". The differentiate used
 
included texture, 
 thickness of horizons, mineralogy, reaction,
 
consistence and permeability i.e., characteristics that are relatively
 
permanent. By this time 
(1960) the position of the family category in
 
the hierarchy of the classification 
system was firmly established.
 
Further refinements in the criteria took place before the publication
 

of Soil Taxonom. in 1975.
 
The soil, family is the fifth level of subdivision in Soil
 

Taxonomy lying between the subgroups and the series. 
 In Soil Taxonomy
 
the groupings of series into families are made on 
the basis of
 

"having similar physical and chemical properties that affect
 

their responses to management and manipulation for use."
 
In contrast to many genesis-related properties 
used at higher
 

levels, the family category is based on properties "without regard 
to
 
their significance as soil
marks of processes or lack of the ". The
 
responses to management of comparable phases of soils in a family are
 
thought to be nearly enough the 
same 
to meet most needs for practical
 
interpretations of such responses. Thus families are defined
 
primarily to provide groupings of soils with restricted ranges In
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particle-size distribution in horizons of major biologic
 

activity below plow depth
 
o 
 mineralogy of the same horizons that are considered in
 

naming particle-size classes
 
temperature regime
 

o 
 thickness of the soil penetrable by roots
 
o A few other properties that 
are used in defining some
 

families to produce the needed homogeneity: these other
 
properties include for mineral soils reactioti, soil slope,
 
soil consistency, coatings on sand and cracks while for
 
organic soils, reaction is also considered as a
 
differentiating characteristics.
 

"These properties are important to 
the movement and retention of
 
water and to 
aeration, both of which affect soil use for production of
 
plants or for engineering purposes" (Soil Survey Staff, 1975).
 

PARTICLE-SIZE CLASSES
 

Particle-size 
 in this context refers 
 to the grain-size
 
distribution of the whole soil. 
 The classes defined are 
a kind of
 
compromise between engineering and 
pedologic classification. No
 
single set of particle-size classes has been fouud appropriate for all
 
kinds of soils so the classes chosen provide for a choice of 7 or 

paticle-size classes depending on 
 whether the particle-size is
 
important (11 classes) or particle-size is difficult 
to determine or
 
the use of too narrow lines produces undersirable groupings (7
 
classes). The defined 
particle sizes in Soil Taxonomy (Soil Survey
 
Staff, 1975, p 383-4) are listed below:
 

Fragmental
 
Sandy-skeletal
 
Loamy-skeletal
 
Clayey-skeletal
 
Sandy
 
Loamy
 

Coarse-loamy
 

Fine-loamy
 
Course-silty
 
Fine-silty
 

Clayey
 

Fine
 
Very Fine
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The particle size classes are applied to specific vertical
 

sections of the soil profile known as the particle size control
 

sections. This section used in a particular order is defined in 

different ways, depending on whether or not an argillic horizon is 

present (Fig. 1, after Thomas (1982)). 
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Fig. 1. Particle Size Control Section (after Thomas (1982)) 
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TABLE 1. USE OF SOIL FAMILY CRITERIA AND CONTROL SECTIONS 

Feature 

Particle-size' 

Mineralogy 

Combination of 
particle-size and 


Minralogy
 

Calcareous and 

reaction classes 


Soil temperature 

Depth' 

Slope 

C"3.ststence 

Moisture equivalent 

Cracks 


'Control section for particle-sire 

Alfisols 

Upper 50 cm of Btor whole 
Bt if <50 cm thick,. If Bt 
is >1 m deep and not in 
upper boundary of grossarenic
subgroup. 25 cm to I m. 

II classes. except in lilhic. 
andeptic. and arenic sub-
groups, and shallow families. 
where 7 classes are used. 

Same as particle-sie 

classes. If contrastirg 

classes are present, only 

the upper materials -

Not used. 

Not used. 

Not used in Cryic great 
groups or Boralfs. 

Micro, used in Cyic great 

groups but not in p°rgclicsubgroups. Shallow, nt 
used in pergelic subgroups 

Aridisols 

Upper 50 cm of Bt or whole 
Bt if <50 cm thick' 

If without Bt.25 cm to I m. 

II classes. except in lithic 
subgroups and shallow 

families, where 7 classes
 
are used.
 

Same as particle-siue 

classes. If contrasting 

classes are present. only 

the upper materials. 


Ashy or cindery used if 

relevant. 


Used in Peleargids.
Haplargids, and Camborthids. 
Acid families are named but 
nonacid and calcareous 

families are not distin-

guished. Control section 

same as for particle-size, 


Used in all families. except 
of Borollic subgroups. 

Micro and shallow used in 
all subgroups but lithic. 

used in icsubgroupssedShallow 
or lithic subgroups. Usedin all others. 

in al oters.contact 

Not used. Not used. 

Not used. Not us.d. 

Not used. Not used. 


Not used. Not used. 

Entisols 

2
5 cm to I m. but not used in 

Psamments or Psammaquentl 

I I classes except in lithic 
subgroup%and shallou 
families shere 7 classes 
are used 

Not used in Quartipsamments. 
but used in other P-amments-
and all other great groups 
with same depth lim its as 

particle-si7e classes.If 
contrasting classes are
 
present. only the upper

materials
 

Ashy or cinder used if 

relevant. 


Calcareous classes 25 to50 

cm. or some part of some 

soil abo',e lithic or para-
lithic contact shalloer 

than 25 cm. Not uied in
 
sanr'. sandy-skeletal or
 
fragmental families or with
 
carhonatic or gypsic miner
alogy or Sulfaquents
 
Reaction classes same con
trol section as for
 
particle-i7e.
 
Not used in Cryic great 

groups, 


Micro not used. Shall,. 

used in allsubgroup except 

lithic and pcrgelic 

Not used. 

Not used. 

Used onlyin Quartripam-

ments. 

Used only in Fluvaquents 

clas-" 
reaver includes rock. petrocalcic horizons. duripans. fragipans or permafrost 

Ilimto-l,. 


Only in I erric uhgrtip the 

thickrr at upper in1cm Ir 
mineral la)er or 
conlral s'crlnn 

%ithtn 

S classcs 

Same as partcle-s,,e 
cla,.c'and s linanac 
suhgtnup, 


No us"d rscep in leric 
uhgroapi 

EuICand t)yssc classes for 
%hole cantrnl section, 

Not used in Cryicor Roric 
great groups 

Micro. in alllathic sub-

group%except Fotists for 

lithic contact '<19cm 
in lthic subgroups 

ecpescept nFlt frltiin Folists frar lithlirIN 50 cm dccp 

Not used 

Not used. 

Not used. 

Not used 

Inceprasaal 

25 cm to I in exceptin Andcp1. 
andradaqurpts 

I I clalscused cl'ccpt an hih-c 
and Amalws r os 
tamdc, a.hr 7 ,la,.c- a af ar. 

.araa as paatal-sic classesmet
 
cotaatang. tnl. appc- macraal.
 
in Andic -. hgrup,. aaad aoas
part 4 ,r It 

part aa cnrrl sartin 

In Anaept. Analdalacrptsvaa Andre
 
salafaupa
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TABLE 1 (CONTINUED)
 

Mollisols Oxisols Spodosols Uttisols Vertisols 

Upper 50 cm of Bt or whole 
Bt if <50 cm thick'. 

_ 

If without Bt. 25 cm to I m. 

II classes except in lithic. 
andic. or arenic subgroups 
or shallow families where 7 
classes are used. 

25 cm to I m. 

Subclasses of loamy families 

but not of clayey families; 
all other classes are used. 

25 cm to I m: not used for 
spodic horizons of Cryic 
great groups or Cryic sub-

groups s . 

7 classes in lithic. arenic. 
and grossarenic jbgroups 
and shallow faailies. I I 
classes in all others. 

Upper.50 cm of Bt or whole 
Bt if <50 cm thick'. If 
upper boundary of Bt is >1 m 

deep and not in grossarcnic 
subgroup. 25 cm to I m. 

Subclasses of loamy classes 
but not of clayey classes. 
and all other classes. Only 
7 classes in lithic. andic. 
or arenic subgroups or 
shallow families. 

25 cm to I m. Fine 
30-60 percent clay. 
Very fine 60 percent 

clay. 

Same as particle-size 
classes: if contrasting 
classes, only upper 
materials in Andeptic sub-
groups, used for lower 
materials. 

Same as particic-stze 
classes, 

Same as particle-size 
classes. If contrasting 
classes. only used for upper 
materials, 

Same as particle-size 
classes. If contrasting 
classes, use upper 
materials. 

Same as particle-size 
classes. 

In Andeptic subgroups. Not used. Used for spodic horizons of 
Cryic great groups and Cryic 
subgroups'. 

Not used. Not used. 

Calcareous classes used in 
all Aquolls except Calcia
quolls and Argiaquolls 
between 25 and 50 cm depth: 
not used with carbonatic or 
gypsic mineralogy. 

Not used. Not used. Not used. Not used. 

Net used in Cryic great 
groups or Borolls. 

Used in all families. Not used in Cryic great 
groups or Cryic subgroups. 

Used in all families. Used in all familic.: 

Not used in pergelic sub-
groups or lithic subgroups. 

Shallow. <1 m to lithic or 
petroferric contact. 

Not used in pergelic or 
lithic subgroups. 

Used in all families. Not used. 

Used in Aquolls. Not used. Not used. Not used. Not used. 

Not used. Not used. Used for cemented spodic 
horizons. 

Not used. Not used. 

Not used. Not used. Not used. Not used. Not used. 

Not used. Not used. Not used. Not used. Not used. 

Wtfbase of Bt is <25 cm. from top of Bt or base of Ap to I m. 
'Some additional mineral classes are used only for Histosols. See text of Soil TaxonumrY. p. 389.
 
'in the absence of rock or ice within 36 cm. the spodic horizon must extend below a depth of >25 cm before this applies.
 



Where there is no argillic horizon, or one occurs at below I m
 

and the soil is not in a grossarenic subgroup, the particle size
 

control section is from the surface to a lithic or paralithic contact
 

if this occurs above 36 cm (a In Fig. 1), or from 25 cm to I cm (c),
 

or from 25 cm to a shallower lithic or paralithic contact (b). When
 

an argillic horizon occurs with its base of 
the Ap horizon (whichever
 

is shallower) either to a lithic or paralithic contact, or to 1 m (d).
 

If the top the argillic horizon Is below 25 
cm and it is less than 50 

cm thick, then the control section coincides with the limits of the 
argillic horizon (e). If the argillic horizon is thicker than 50 cm, 

the control section is the upper 50 cm of the argillic horizon (f). 

This applies also to grossarenic subgroups.
 

As well as the 11 particle-size classes listed above, forty-four
 

additional contrasting particle-size combinations are given to allow
 
for situations where there are strongly contrasting particle size
 

classes (i.e. transitions between 
them are less than 12.5 cm thick)
 

within the control sections. These identify, for example, changes in
 

pore-size distribution that may have significant effects on water
 

movement and retention.
 

There are also three situations in which particle size class Is
 

not used. First in the Psamments and Psammaquents the soils are sandy
 

by definition and no particle-size statement is required in the family
 

name. Secondly, no particle-size class names are used if the soil is
 

mostly glass or if the exchange complex is dominated by amorphous
 

materials e.g. with kndepts. In this situation a modifier Is used
 

that replaces the particle-size class name that reflects a combination
 

of particle size and mineralogy and may take the place of both. The
 

modifiers used are (Soil Survey Staff, 1975, P384-5):
 

Cindery
 

Ashy and Ash-Skeletal
 

Medial and Medial-Skeletal
 

Thixotropic and Thirxotropic-Skeletal
 

Thirdly in certain Spodosols the content of organic matter is
 

high and particle size has only limited relation to the physical and
 

chemical properties of the soils. The particle-size class name Is not
 

used in this situation which appears normal for soils that have both a
 

spodic horizon and a cryic temperature regime.
 

Particle-size modifiers are used in family names of organic soils
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(Histosols) only in terric subgroups. The fragmental,
terms 


loamy-skeletal or clayey-skeletal, sandy or sandy-skeletal, loamy,
 

clayey as defined for mineral soils are applied to the upper 30 cm or
 

that part of the mineral layer that is within the control section,
 

whichever is the thicker.
 

MINERALOGY CLASSES
 

Mineralogy classes are based on the approximate mineralogical
 

composition of selected size fractions of the same segment of soil
 

(control section) that is used for application of particle-size
 

classes. The term approximate is included as it is difficult to
 

determine exactly the percentages of the various kinds of minerals
 

(particularly the clay minerals) present. Seventeen mineralogy
 

classes are recognized and mineral :joils are placed into the first
 

mineralogy class that accommodates them (Soil Survey Staff, 1979,
 

38 7).
p


Mineralogy classes of Histosols are of three kinds according 
to
 

the nature of the subgrouip or great group. Ferrihumic is applied to
 

Histosols having ferrihumic materials within the control section. For
 

ferric subgroups, the mineralogy modifiers used for mineral soils are
 

applied to the mineral parts of the soil for which a particle size
 

modifier has been used (if mineralogy is not ferrihumic) and if limnic
 

materials are present in the control section (and more than 5 cm
 

thick) then the modifiers conprogenous, diatomaceous or marly may be
 

applied.
 

CALCAREOUS AND REACTION CLASSES
 

These two properties are grouped together because of the presence
 

or absence of carbonates and the reactions are intimately related.
 

These differentiate are applied in the Aridisols, Entisols,
 

Inceptisols, Mollisols and Histosols.
 

Reaction classes (acid or nonacid) are used only in the names of
 

families of Entisols, Aquepts, Paleargids, Haplargids and Camborthids
 

while calcareous classes (calcareous or noncalcareous) are used if
 

appropriate in the same taxa as reaction classes and in addition are
 

used in families of Aquolls (except for Calciaquolls and Aquolls with
 

an argillic horizon).
 

For the Histosols, modifiers to indicate reaction are used in all
 

sub-groups. The modifiers are Euic (having pH >4.5) in at least some
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part of the organic materials in the control section) 
and Dysic (pH7
 
-
4.5 (in 0.01 mol dm
3 CaC1 2) in all parts of the organic materials in
 

the control section).
 

SOIL TEMPERATURE CLASSES
 

The soil temperature classes are applied using 
values measured
 
(in degrees Celsius) at 
a depth of 50cm or at a lithic or paralithic
 
contract 
whichever is the shallower. Eight classes are defined
 
according to mean annual soil temperature and the difference between
 

mean summer and mean winter temperature.
 

Frigid 
 mean annual temperature below 8*C
 

Mesic 
 mean annual temperature from 8°-14*C
 

Thermic 
 mean annual temperature from 140 -22C
 

Hypothermic mean annual temperature 22*C or higher
 

Isofrigid ) as above except than mean summer and mean
 

Isomeric )
 
Isothermic ) winter temperatures differ by less than 5*C.
 
Isohyperthermic )
 
Obviously the soil. temperature is an important parameter
 

influencing the use of soils for crop production.
 

SOIL DEPTH
 

Some distinctions 
in depth are made in great groups and in
 
arenic, paralithic and lithic subgroups, but 
some other soils should
 
be grouped into families according to depth. Two soil depth classes
 

are de~ined in Soil Taxonomy.
 

Micro 
 less than 18 cm through diagnostic horizons
 

Shallow less than 50 cm 
(in Entisols, Inceptisols, Andisols,
 

Mollisols, Spodosols, Alfisols, Ultisols, Histosols)
 

or I m (in Oxisols) to a root limiting layer.
 

OTHER PROPERTIES
 

The other characteristics used 
as family differentiae have, at
 
present, -1y limited application and will not, therefore, be
 
discussed in any detail. Slope classes are 
used in the Aquolls,
 
consistency classes 
are used in the Spodosols, Moisture Equivalent
 
(Classes of Coatings on Sand) classes are used in the Quartzipsaments
 

and Cracks classes are used in the Fluvents.
 

The use of the differentiating characteristics in grouping soils
 
into families is summarized in Table 1.
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The Importance of the Soil Family Category
 

It is interesting when reading papers on soil classification to
 

observe the variation in emphasis given to the soil family category.
 

Some reviews (e.g. Buol et al, 1980, Smith, 1983) only briefly mention
 

families as one category in the hierarchy of Soil Taxonomy while
 

other papers, particularly those discussing agrotechnology transfer,
 

focus attention on the soil family (e.g. Swindale, 1978; Beinroth et
 

al., 1980). The reason for this difference lies in the fact that
 

those interested in agrotechnology transfer are looking for a
 

classification category which conveys sufficient information to enable
 

the user to predict with a high degree of confidence soil responses to
 

management. The family category in Soil Taxonomy would appear to meet
 

such a requirement and much recent research has gone into validating
 

t1is tenet (Beinroth et al., 1980). The identification of a soil as
 

belonging to a particular family conveys the following information:
 
0 presence or 
absence of certain major diagnostic features
 
o so. moisture regime
 

o knowledge of levels of organic matter, bases, certain toxic
 

species
 
o relationship to other major soil orders or non-soil material
 

o particle-size distribution and related properties e.g.,
 

water movement and retention
 
0 mineralogy and related properties e.g. shrink-well
 

characteristics
 
0 mean annual temperature and summer-winter difference
 

0 
 presence or absence of root limiting layers, i.e.,
 

"The soil family Is a condensed statement of what we know
 

about a soil" or "The soil family may be thought of as describing an
 

ecological niche" (Uehara, 1978). Soils belonging to the 'same
 

family should therefore have similar management requirements (for a
 

particular use) no matter where they are found.
 

To accurately place a soil in a particular family requires a
 

considerable amount of work both in the field and in the laboratory.
 

Such an investment in terms of manpower and funds is often questioned
 

and it is therefore Important that the benefits to be gained from such
 

efforts are clearly shown to be worthwhile. It should also be noted
 

that the designation of a soil as a member of a particular family does
 
not remove the necessity for on-site experimentation as other factors
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not used in identifying taxa may be of local significance (e.g. pests,
 

solar radiation pattern).
 

Many less developed countries lack both the finance and technical
 
expertise to undertake all the agricultual research necessary for the
 
full development of the soil resources. 
 These countries have most to
 
gain from the successful establishment of a system of agrotechnology
 

transfer. However, soil survey infornation with soils classified 
at
 
least to the family level is a necessary prerequisite for the full
 
utilization of the extensive agricultural research data presently
 
available. 
 It would appear that the initial outlay in obtaining such
 
a soil data base would be fully justified in terms of the benefits to
 
be gained from access to such valuable development information.
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SOIL SERIES CONCEPT
 

Lucien N. Langan
 

The soil series is the lowest category recognized in Soil
 
Taxonomy. About 14,000 series have been 
recognized in the United
 

States to date.
 

The soil series is a group 
of soils having genetic horizons
 

similar in differentiating characteristics and arrangements in the
 
soil profile, except 
for the texture of the surface soil, and
 
developed from a particular type of parent mateiral. 
The soils within
 
a 
 series are essentially homogeneous in all 
 soil profile
 
characterisitcs 
except texture, principally of the 
 A or surface
 
horizon, and in such features 
as slope, stoniness, degree of erosion,
 

topographic position, and depth of bedrock where these features do not
 
modify greatly the kind and arrangement of genetic horizons.
 

The occurrence 
of the soil mantle as a continuum in which there
 
are 
both local and regional variations is responsible for major
 
problems in relating the 
areas of soils delineated on maps to taxonomy
 
classes of soils at 
some level. Various approaches have been tried in
 
the efforts to relate such delineations of soil to taxonomy classes.
 

An effort has been made to define 
a very small volune of soil as
 
a basic entity in 
mapping and in classification. 
 This volume is
 
smaller than 
areas of soil represented as delineations on maps. The
 
name 
"pedon" was proposed for 
this basic entity. This name was
 
suggested as a generic term for 
small volumes of soils that are big
 
enough, but no bigger 
than required for the study 
of horizons and
 
their interrelationships. 
 These would have roughly circular lateral
 

cross sections between 
I and 10 square meters in size. Most pedons
 
are expected to be 1 or 2 square meters In size.
 

It has also been proposed that 
a group of contiguous pedons that
 

were similar in the 
nature and sequence of horizons be called
 
polypedons. One polypedon would thus be 
a contiguous group of pedons
 
with a range in characteristics no wider collectively than permitted
 

In a soil series.
 

Prime functions of the pedon and polypedon are 
to aid in relating
 

areas of soil represented on maps to 
taxonomic classes, especially the
 

series.
 

The soil series by itself Is seldom used as a mapping unit in any
 
survey. It is not sufficiently homogeneous in such features as 
soil
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slope and stoniness for the objectives of most detailed soil surveys;
 

and It rarely occurs alone In areas large enough to serve as a unit of
 

mapping on more generalized maps. The series name, however, Is the
 

key to the majority of soil characteristics possessed by the soil
 

types and phases used in detailed mapping. The series brings these
 

units of mapping together in an organized manner to help us remember
 

soil properties and their relationships among soils.
 

The difference used for series are mostly the same as those used
 

for classes in other catergories, but the range permitted in one or
 

more properties is less than is permitted in a family or in some other
 

higher category. A series may have virtually the full range that is
 

permitted in a family in several properties, but in one or more
 

properties the range is restricted. The purpose of the series
 

category, like that of the family, Is mainly pragmatic, and the taxa
 

in the series category are closely allied to interpretive uses of the
 

system.
 

Two 	kinds of distinctions, therefore, are made between series.
 

First, the distinctions between families and between classes of all
 

higher categories are also distinctions between series; a series
 

cannot range cross the limits of two families or between two classes
 

of any higher category. Second, distinctions between similar series
 

within a family are restrictions In one or more but not necessarily
 

all of the ranges in properties of the family. Taken collectively,
 

the number of the latter kind of distinctions is too large to be
 

comprehended readily. We must keep in mind the purpose of soil
 

taxonomy. It is not an end In itself. Attention is centered on the
 

genetic horizons below the depth of normal plowing, or if they are
 

thin, faint, or absent, on the zone of major biological activity below
 

the depth of normal plowing.
 

The diffentiae for series In the same family are expected to need
 

four tests.
 

1. 	 The properties serving as differentiae can be observed or
 

can be inferred with reasonable assurance.
 

2. 	 They must create a soil series whose unique range of
 

properties Is signiticantly greater than the normal error of
 

measurement, observation, or estimates by qualified men.
 

3. 	 The differentiae have some relation to horizon different

52
 



iation if horizons are present. This significance can be
 

reflected in the nature or degree of expression of one or
 

more horizons. By nature of horizons, we mean the
 

composition, including mineralogy, structure, consistency,
 

texture of the subhorizon, moisture, temperature regime.
 

Degree of horizon expression includes thickness, contrast
 

between horizon or subhorizons and nature of boundaries.
 

If horizons are absent, the nature of the whole zone of
 

major biologic activity below the plow depth is considered.
 

4. The series and its properties must be mappable as it is
 

defined.
 

Again, the primary use of soil series in the classification
 

system is to relate the polypedons represented on detailed soils map
 

to the taxa and to the interpretations that may fellow. The dominant
 

kinds of polypedons that are delineated on maps are given the names of
 

series. Polypedons are real things, but series are conceptual. The
 

Guam series for example, cannot be seen or touched, but the polypedons
 

that we identify as physical entities within the concept of the Guam
 

series can be seen and touched.
 

Soil series names are used with several meanings that must be
 

kept in mind. We may speak of the Guam series as a taxonomic class, a
 

concept of a narrowly defined kind of soil, or we may examine a pedon
 

and say, "This is Guam", meaning that the properties we find in the
 

pedon are those we ascribe to the Guam series and that the pedon is a
 

proper example. We also use Guam as part of the name for an area
 

shown on a soil map if the Guam series is dominant in that area, for
 

example, Guam clay, 2 to 6 percent slopes. 
 These are three common
 

meanings of Guam, or of any series name, and all 
are proper. It is
 

essential, however, to keep in mind that a series as used in Taxonomy,
 

is conceptual; the meaning is not identical with the meaning intended
 

on soil maps, for an area of Guam soil has inclusions of soils of
 

other series or non-soil areas. Inclusions of Guam soil are also
 

permitted in delineated areas named for other series.
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SOIL DESCRIPTION LEGENDS
 

by: Paul A. Bartlett
 

A descriptive legend is required for all soil surveys. The
 

descriptive legend is the basic document that governs the conduct of
 

every soil survey and is composed of three parts: descriptions and
 

classfication of the soils, identification legend, and conventional
 

and special symbols legend.
 

During the three to four months of investigations and writing of
 

soil descriptions of the dominant soil series in the new area, mapping
 

begins to expand and new mapping units as well as series are
 

described.
 

Descriptions and classification of the soils consists of
 

descriptions of taxonomic units as they occur on the survey area. The
 

first draft of the descriptions and classification of the soil is
 

prepared during the preliminary study of the soils prior to the
 

initial field review. The descriptions are prepared by the party
 

leader of the survey area. The initial field review team, including
 

members of cooperating agencies, evaluates the adequacy of the
 

descriptions and makes recommendations if improvements are necessary.
 

Begin the description of the mapping unit with the map symbol and
 

the name of the map unit. Next give the setting. Give a few of the
 

major features, such as depth, slope, and the drainage class,
 

characterize the soil. Describe the setting, including the position
 

of the unit on the landscape, slope characteristics such as
 

configuration, length, pattern, evenness, and aspect, and the size and
 

shape of individual areas of the unit. Emphasize those features that
 

are readily visible to the user, such as position on the landscape,
 

slope characteristics, and special surface featues (stones, gravel,
 

gullies, or eroded spots). Give, if pertinent, additional information
 

such as range in evaluation and mean annual rainfall and temperature.
 

If the soil depth is given (for example, shallow), qualify the
 

statement, for example, "These are nearly level, well drained soils
 

that are 10 to 20 inches deep over coral bedrock (or gravelly sand,
 

limestone bedrock, etc.)".
 

Describe briefly in layman's terms the typic'al. profile of the
 

named soil. Describe only the characteristics that are readily
 

apparent to the user or are highly important to the use and management
 

of the soil, for example, high salinity or alkalinity. Characteristics
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commonly covered in the brief description are color, texture, and
 
thickness of the surface layer and of 
the subsoil; color and texture,
 
and thickness of the surface 
layer and of the subsoil; color and
 
texture of the underlying material; 
and depth to and kind of bedrock
 
if bedrock is at a depth of less than 20 inches. Special layers, such
 

as a layer that has many rock fragments, should be described.
 
Use layman's terms consistently. For example, do not use
 

"subsoll" to designate a B horizon in 
one brief description and "next
 

layer" in another.
 

Describe included of
areas dissimilar soils and miscellaneous
 

areas that affect use or 
management or that are particularly striking
 
in appearance. Give 
the extent and size of the included areas, and
 

describe their location on the landscape.
 

Give the soil properties of the soil that markedly affect the use
 

and management of the map unit. Generally, describing three or 
four
 
soil properties is sufficient. Describe the properties In terms that
 
all users understand. Sample statements: "Water and air move 
slowly
 
through this soil". "The available moisture capacity is adequate for
 

most of the locally grown crops".
 

Properties described must be consistent with those given in the
 

interpretive tables. For example, what is said about 
flooding or the
 
seasonal high water table in the description of the map unit should
 

agree with data shown in the table.
 

present uses unit
Give the major of the map Discuss the
 
management of the soil for important uses such as 
cropland, pasture,
 
rangeland, woodland, and engineering. Use a separate paragraph 
for
 

each major use. In each paragragh give suitability, major hazards or
 
limitations, management concerns, and the practices needed to 
overcome
 
limitations. Emphasize the effect of 
the major hazard or limitation
 

on the intended use.
 

Discuss the suitability of soils for only those engineering uses
 

that are relevant to the map unit and important in the survey area.
 
At the end of the description of a map unit, list the major 

interpretive groups. 

Descriptions are revised and upgraded as the survey progresses 

ind additional information is acquired. 
 They are not finalized until
 
the mapping in the soil survey area is finished. However, they 
are
 
updated at least annually for 
each map unit used to date. The
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completeness of a map unit at all times is essential to the consistent
 

use of the map unit by all field party members.
 

When new map units are proposed, map unit descriptions with
 

sufficient information to evaluate their usefulness accompany the
 

request to the state soil scientist or appropriate supervisor of the
 

lead agency for approval. Descriptions of soils must be objective.
 

Each pedon is described according to existing standards without an
 

effort to fit it into the classification system. Sites selected for
 

descriptions must be representative of units mapped.
 

THE IDENTIFICATION LEGEND
 

An ideutification legend consists of the name of the soil survey
 

area, the date the legend is prepared, list of symbols to identify
 

soil map units, and names for map units.
 

The identification legend is prepared and approved during the
 

initial field review and Is included in the review report. The legend
 

is prepared from map units proposed by the party leader during test
 

mapping and verified during the review. Only those map units whose
 

occurrence and justification were established during the test mapping
 

and which were agreed to by the review team leader during the initial
 

review are listed. All map units must be described before they can be
 

approved and included as part of the legend. A draft legend is
 

usually prepared prior to the review, following preliminary
 

examination of the soils by the party leader.
 

Map units are listed in alphabetical order of the series names.
 

THE CLASSIFICATION
 

A classification table consists of the soil name and the family
 

or higher taxonomic class.
 

This is developed at the beginning for each soil series from your
 

description of that series and from what is observed in field tests
 

and from vegetation.
 

CONVENTIONAL AND SPECIAL SYMBOLS LEGEND
 

A conventional and special symbols legend is required in each
 

area. It consists of a list of conventional symbols to identify
 

manmade works and structures, boundaries, and drainage. It identifies
 

areas of soil, special features, or kinds of miscellaneous areas that
 

are too small to be delineated at the scale of mapping. It is
 

prepared by the party leader during the initial field review.
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FIELD PROCEDURES IN SOIL SURVEY
 

By Fred Young
 

Soil mapping is a technical art. A skilled mapper must
 

understand the factors of soil formation and be able to apply them to
 

a specific landscape. As 
each soil survey area is unique, the soil
 

scientist must creatively adapt the mapping procedure to the
 

landscape. 
 Thus, the field techniques discussed here are generalized
 

and must be tailored to the survey area.
 

After the pre-survey planning has been completed, equipment is at
 

hand, and the pertinent literature on geology, climate, land use,
 

etc., has been reviewed, the mapper is finally ready to map. The
 

actual mapping, however, begins in the office. 
With aerial photos and
 

a stereoscope, the mapper attempts to photo 
 interpret an area.
 

Tentative lines for soil boundaries are sketched and based 
on features
 

such as 
slope breaks, landforms, and vegetation as inferred by color
 

and texture differences. Drainages 
are drawn in, and landscape
 

reference features such 
as peaks and depressions are noted.
 

The next step is to design a course 
of action in the field. The
 

most common method of field mapping is by traversing the landscape in
 

a predetermined fashion. The traversing should address 
two basic
 

objectives:
 

1) check the accuracy of the tentative mapping unit boundary
 

lines. Additional lines may be needed; other lines may
 

prove to be meaningless and must be removed.
 

2) Determine the composition of the mapping units.
 

With these basic objectives in miad, the traverses can be planned
 

in the office using the photos and stereoscope. When planning
 

traverses, the following should be kept in mind:
 

1) 
 A traverse should be practical and efficient. Natural and
 

man-made access, such as riverbeds or toads and trails,
 

should be utilized as much as possible. Insurmountable
 

obstacles, such as 
rivers and clif.tines should be avoided.
 

2) A traverse should 
cross potential soil boundaries, and allow
 

for observations in each delineation.
 

3) A traverse should cross a landform at right angles 
to the
 

drainage pattern. For exampLe, a traverse should allow for
 

observations up to
and down a slope, or from riverbank 


valley edge.
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The type of traverse will depend on the nature of the survey
 

area. Where access and visual references are good, specific points on
 

the landscape can be predetermined for observation. These poirnts can
 

be located in the field: thus, the route between points may be
 

utilitarian and not necessarily revealing in terms of the soil survey.
 

In other survery areas, specific points may be difficult to
 

locate in the field; Access is poor and visual references are few. In
 

such areas a line approach is used, and observations are made along
 

the course of the line.
 

Although traverses are roughly predetermined using
 

photointerpretion, the actual traverse is often modified in the field.
 

The exact number and location of soil observations is left to the
 

judgement of the mapper in the field. In contrast, transects are
 

accurately predetermined and rigidly adhered to. Transects are used
 

to determine what the components of a mapping unit are and the
 

relative proportion of those components within the unit. On a
 

transect, a straight line is described across a single mapping unit,
 

and observations are made at set intervals along the line. This
 

technique eliminates the bias of the mapper and produces information
 

which can be used for statictical analysis of mapping unit
 

composition.
 

After the traverses have been planned, actual field work begins.
 

Field transportation should be considered; w-ilking is very slow and
 

should be minimized, although some wal ing is necessary for thorough
 

map unit observation. Helicopters, airplanes, boats, trucks
 

all-terrain vehicles, horses, motorcycles and even bicycles have all
 

been used for field transportation in soil surveys. Similar
 

consideration should be given to the methods of observing the soil.
 

The tile spade, or "sharpshooter," is a basic instrument, as is the
 

twist or "bucket" auger. In non-gravelly areas with medium textured
 

soils, such as volcanic ash soils, a punch probe may be used.
 

Once an area on the landscape nas been located in the field for 

observation, it is very important to dig the pit or make the boring in 

a typical spot which represents the area. Avoid irrcgularities such 

as small depressions or mounds in an ottherwise smooth landform. Do 

not dig in a spot where the vegetation is absent or strikingly 

different than the surrounding vegetation. Avoid slope breaks. 

Beware of roadsides, telephone poles and other possible sources of 
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soil disruption.
 

When observing the soil, accurate aad appropriate notes should be
 
taken. These can be in 
the form of a complete pedon description, or
 
on selected properties which are important and have been found 
to be
 
variable. The format of the field not-s is up to 
the mapper, but all
 
notes should include such Items as date, 
location, vegetation and
 
slope. 
 Notes should not be limited to soil profile properties. Land
 
use, evidence of flooding or erosion, microrellef, inclusions and many
 
other features of the mapping be
unit are important and should 


observed and recorded in the field.
 

When a mapper digs 
a pit, that mapper is testing a hypothesis.
 
Field work is 
a series of predictions with subsequent verification and
 
modification of the 
mapper's theory. As fieldwork progresses, the
 

mapper's accuracy at predicting soil properties 
on a given landscape
 
increases. Thus, observations and notes become briefer 
as the mapper
 
becomes more familiar with the area and is able to 
focus on the more
 
variable, less predictable soil properties.
 

A question frequently asked of many soil surveyors is "how many
 

holes 
do you dig?" meaning how many soil observations per unit area
 
are made. The answer in most 
cases is "It depends." There is no set
 
number of soil observations per hectare. 
 The actual number will vary
 
between and within 
soil survey areas depending on the following
 

factors:
 
1) The required accuracy of soils information for the purposes
 

of the survey. 
Soil surveys are done for specific purposes,
 
and these must be kept ii mind during mapping. Thus, soil
 
surveys fo-" housing subdivision or drainage projects require
 
many more holes per hectare than soil surveys for range or
 
forest lands. Closely related to this is the scale of
 
mapping. 
Larger scale mapping (for example 1:16000 or 4
 
Inches to 
the mile) is used for more intensive land uses
 
and requires more c-ervations per hectare than smaller
 

scale mapping, such as 1:25000 or 
2.5 inches to the mile.
 
2) 	 The complexity and predictability of the landscape. If a
 

landscape is relatively simple and the soil pattern fairly
 
uniform, the mapper will be able to correctly predict the
 

soil typos. Only occasional soil observations are necessary
 
to verify the predictions. 
However, if the landscape is
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complex and the soil pattern intricate or erratic, many
 

more soil observations are necessary.
 

3) 	 The mapper's familiarity with the landscape. When a new
 

landscape is encountered, many pits are needed to determine
 

mapping unit composition and soil positions on the
 

landscape, As the landscape becomes predictable, the
 

number of soil pits will decrease.
 

4) 	 The relative abundance of non-soil or surficial landscape
 

indicators of the soil type. Certain readily visible
 

features such as rock outcrop, vegetative type, erosion
 

scars, etc. can be reliable indicators of certain soil
 

types. Landscapes where these are made abundant will
 

require fewer actual soil observations once the mapping unit
 

composition has been well establiahed. Landscapes with few
 

surficial indicators, such as uniformly vegetated slopes and
 

featureless plains, will require more soil pits.
 

Summary
 

Field mapping begins in the office, with photointerpretation.
 

Landscape features are noted, tentative lines are sketched in and
 

traverses are designed. These traverses should evaluate the soil
 

lines and determine the mapping unit composition. They may be point
 

traverses or line traverses, but they must be practical, must cross
 

soil boundaries, and should evaluate mapping units at right angles to
 

the drainage pattern. Transects are used to determine map unit
 

composition; observations are made at set intervals. Transportation
 

and tools should be appropriate for the area. During fieldwork,
 

typical spotd on the landscape should be chosen for soil pits, and
 

appropriate notes should be taken. As sites are chosen and observed,
 

predictions are being tested and hypotheses modified. The number of
 

pits or borings In a given area depend on several factors, including:
 

1) The scale, detail and intended use of the survey.
 

2) The compleAty of the area.
 

3) The mapper's familiarity with the area.
 

4) The abundance of surficial landscape indicators.
 

Reference
 

Soil Survey Manual, chap. 7 ("Field Operations"), p. 1-10. USDA,
 
Soil 	Conservation Service. 1980.
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DESIGN OF MAP UNITS
 

Lucien N. Langan
 

A soil survey is a field investigation of the soils of a specific
 

area, supported by information from other sources. The kinds of soil
 

in the survey area are identified and their extent shown on a map, and
 

an accompanying report describes, defines, classifies, and 
interprets
 

the soils. Interpretations predict the behavior of the 
soils under
 

different uses and soils' response to management. Predictions are
 

made for areas of soil 
at specific places. Soils information col

lected in a soil survey is useful in developing land-use plans and
 

alternatives involving soil management systems 
and in evaluating and
 

predicting the effects of land use.
 

The different kinds of soil shown a
on soil map have sets of
 

interrelated properties that are characteristic of soil as a natural
 

body. This definition is intended to exclude maps showing the distri

bution of a single soil property such as texture, slope, or depth,
 

alone or in combinations; maps that show the distribution of soil
 

qualities such as productivity or erodibility; and maps of
 

soil-forming factors, such as climate, vegetation, or geologic mate

rial. A soil map delineates areas occupied by different kinds of
 

soil, each of which has a unique set of interrelated properties
 

characteristic of the material from which it 
formed, its environment,
 

and its history. The soils mapped by the National Cooperative Soil
 

Survey are identified by names that serve as references to a national
 

system of soil taxonomy.
 

The basic objective of soil surveys is 
the same for all kinds of
 

land, although the number of 
map units, their composition, and the
 

detail of mapping vary with the complexity of the soil patterns and
 

the specific needs of the users. 
 Thus a soil survey is matched to the
 

soils and the soil-related problems of the area. Although soil
 

surveys help us to increase our general knowledge about soils, they
 

are most commonly made for more practical purposes. They satisfy a
 

need for soils information about specific geopgraphic areas for state,
 

county, and community land use plans, resource conservation plans for
 

farms and ranches, development of reclamation projects, forest manage

ment, preliminary planning for engineering projects and works and
 

many other purposes.
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A memorandum of understanding (work plan) for a soil survey area
 

serves to record the purpose of the survey, describe the area, list
 

cooperators and their responsibilities, and set down specifications
 

for making, interpreting, and publishing a soil survey for a specific
 

area. The principal potential users are identified. The specific
 

purposes and uses to be made of the survey, such as intensive land
 

development, irrigated cropland, commercial timber production, assess

ment of agricultural land, community development, and multi-purpose
 

public recreation, are identified and clearly stated.
 

If the purposes are significantly different for various parts of
 

the survey area, they should be explained. The divisions within the
 

survey area should be related to the associated physical land fea

tures. If divisions are large and contiguous, the subdivided areas
 

should be plotted on an attached small-scale map. Such areas can
 

often be related to major land resource areas or physiographic
 

regions.
 

The Map Units of Soil Surveys
 

Map units are unique for each soil survey area and specifically
 

designed to meet the needs of the major users. Comparable map units
 

in adjoining survey areas are usually similar. The supervisory soil
 

scientist, in consultation with other resource disciplines and users
 

of soils surveys, is responsible for the design of map units to meet
 

the needs of users In soil survey areas. A Map unit is a collection
 

of soil areas or miscellaneous areas delineated In mapping. A map
 

unit is generally an aggregate of the delineations of many different
 

bodies of a kind of soil or m4 -rellaneous area but may consist of only
 

one delineated body. Taxonomic class names and accompanying phase
 

terms are used to name soil map units. They are described in terms of
 

ranges of soil properties within the l.mits defined for taxa and in
 

terms of ranges of taxadjuncts ai. inclusions. Soil map units may
 

encompass one or more kinds of soil, or one or more kinds of soil and
 

a miscellaneous area. Areas that have little or no identifiable soil
 

are called miscellaneous areas. Kinds of map units are discussed in
 

this part. This part also discusses inclusions in map units and
 

provides guidance for accommodating them. It defines variants,
 

taxadjuncts, and soil phases and provides procedures for their use in
 

naming map units of soil surveys.
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(a) Kinds of map units. Different kinds of soil map units are
 

used In soil surveys to accommodate different complexities of soil
 

patterns on the landscape to best meet the purposes of the survey.
 

The use of different kinds of soil map units allows a soil survey to
 

better meet the needs of users requiring different degrees of detail.
 

The name of each map unit Is constructed in such a way that the kind
 

of map unit is easily recognized. This system of naming is useful
 

because each map unit is named for and contains a limited number of
 

principal soils, has a limited range of proportions and patterns of
 

these soils and inclusions, and has a specific application to meet the
 

objectives of the survey. Soil map units are described and named in
 

terms of phases of taxonomic units and miscellaneous areas. Names
 

from any categorical level of the soil classification system can be
 

used to define and name soil map units. Each successive class above
 

the series level contains a broader range of properties and fewer
 

predictions can be made. Although soil map units are named in terms
 

of dominant taxonomic phases or miscellaneous areas, nearly all
 

contain areas of soil or kinds of miscellaneous areas that are not
 

identified in the map unit name. These are mapping inclusions, and
 

dissimilar ones are discussad in map unit descriptions. Amounts of
 

inclusion differ according to the kind of map unit. The kinds of soil
 

map units used in soil surveys are consociations, complexes, associa

tions, and undifferentiated groups. These are defined and guidelines
 

for their use are discussed In the following part of this section.
 

(i) Consociations. Soil Consociations are map units in which
 

about 75 percent of more of the polypedons fit within the range of the
 

taxon or the kind of miscellaneous area that provides the name for the
 

unit or fit in similar taxa or miscellaneous areas. No one similar
 

soil Is greater than the named reference taxa. The remainder of the
 

delineation consists of similar soils. The total amount of dissimilar
 

inclusions generally does not exceed about 25 percent. Limiting
 

inclusions should not exceed about 15 percent, and no one dissimilar
 

soil may make up more than 10 percent of the map unit. Consociations
 

may be used in any soil survey regardless of scale or level of taxono

mic or cartographic generalization. Soil series and categories higher
 

than the series may be used to name consociations. Examples of names
 

of cbnsociations are Alpha silt loam, 8 to 15 percent slopes, eroded;
 

and Cryoborollos, steep.
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(2) Complexes. Soil complexes are map units that consist of
 

areas of two or more kinds of soils (taxa) or miscellaneous areas that
 

are in a regularly repeating pattern so intricate that the two compo

nents cannot be delineated separately at the scale of mapping selected
 

for the survey area. Individual areas of each component are usually
 

less than about 1 hectare in size or less than about 50 meters wide if
 

long and narrow. Individual areas of each soil are too small to be
 

shown at mapping scales of about 1:24,000. Separate delineation of
 

the individual components in most cases would require onsite investiga

tions using a very large scale map base. The proportions and the
 

patterns of the major components are relatively consistent in most
 

delineations of the map unit. Each occupies a significant part of the
 

delineation. The major components that provide the name 
for the map
 

unit are sufficiently different in morphology or behavior so that the
 

unit cannot be named as a consociation. No one soil dissimilar to the
 

named components is to exceed 10 percent of the whole and 
the aggre

gate of dissimilar soi.j not more than 25 percent. Limiting dissi

milar soils should not exceed about 15 percent. Complexes are usually
 

named using soil series names, although other taxonomic class names
 

and names of miscellaneous areas are often used. The name "Alpha-Beta
 

complex, 0 to 3 percent slopes," for example, identifies areas in
 

which soils of the Alpha and Beta series are distinctive components.
 

Interpretations for some uses may be made for the comiilex as a wlole,
 

determined by the overriding limitation of any one component and the
 

pattern of the components. For some other land uses, each component
 

of the complex Is interpreted separately.
 

(3) Associations. Soil associations are map units consisting of
 

areas of two or more kinds of soils (taxa) or miscellaneous areas.
 

The major components are generally associated in a regularly repeating
 

pattern and are individually large enough to be separated cartographi

cally on soils survey maps. Every delineated body of a soil associa

tion has the same major components. The relative proportions of
 

components, however, may differ appreciably from 
one delineated body
 

to another. The kinds of soil used to name 
the association are
 

usually dissimilar soils but may be similar. No single dissimilar
 

Inclusion is to constitute more than the least extensive of the major
 

components, and the total amount of inclusions that 
are dissimilar to
 
any of the major components Is not to exceed about 25 percent for
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detailed soils surveys.
 

(i) Soil associations are used where delineating groups of
 
associated soils 
reduce the cost without detracting from the
 
utility to the user. 
 The level of 
taxa used to define and name
 
soil associations must be matched 
to the soil pattern, the map
 
scale being used, and the kind of map use 
anticipated. General
ly, the physical difficulty of separating components during
 
mapping should 
not be a major consideration in the decision to
 

map soil associations.
 

(ii) On soil maps of relatively large scale, soil series
 
names are commonly used. 
 "Alpha-Beta association, level" is an
 

example.
 
(4) Undifferentiated groups. Undifferentiated soil groups
 

consist of 
two or more taxonomic components that are not consistently
 
coterminous but are combined because use 
and management are the same
 
or very similar for common uses. 
Generally, some common feature such
 
as 
steepness, stoniness, or flooding 
determines use and management.
 
Undifferentiated groups are used to 
help the map user by reducing the
 
number of map units with the same 
interpretations in the 
published
 
soil survey. For example, two or more similar kirds of soil, each on
 
very steep slopes, that 
have the same probable uses and applicable
 
management practices for the purposes of the survey, may be combined
 
into an undifferentiated 
group. The major components are generally
 
large enough to be separated at the scale of mapping. 
They have no
 
regular pattern. Every delineation has at least one of the rajor
 
components 
and may have all. Each of the components, however, need
 
not be in every delineation. The 
total amount of dissimilar mapping
 
inclusions generally does not 
exceed about 25 percent. A single
 
dissimilar inclusion should not exceed about 10 percent.
 

(1) The name of an undifferentiated group identifies the two
 
or three principal components. 
 "Alpha and Beta foams, 40 to 65
 
percent slopes" is an example of an undifferentiated group of two
 
very steep 
soils. The word "and" connecting the names of the
 
reference taxa 
distinguished and undifferentiated groups from
 
coniplexes and association, which have 
the reference terms con

nected by a hyphen.
 

(Ii) The term "undifferentiated group" refers to groups of
 
taxa at the level of classification indicated in 
the name of the
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map unit, not to a single taxon made up of taxa at lower levels.
 

Thus, "Haploborolls, rolling," although not subdivided with
 

respect to all of the subgroups, families, and series within it,
 

is a consociation, not an undifferentiated group of Haploborolls.
 

It is a map unit in every respect and includes similar and
 

dissimilar soils as components.
 

(iii) Different phases of the same taxa are not recognized
 

as an undifferentiated soil group, e.g., Alpha soils.
 

Orders of Soil Surveys
 

All soil surveys are made by examining, describing, and classify

ing soils in the field and delineating their areas on maps. Some
 

surveys are made to serve users who need precise information about the
 

soil resources of the areas a few hectares or less in size. They
 

require refined distinctions among small, homogeneous areas of soil.
 

Other surveys are made for users who need a broad perspective of
 

heterogeneous but distinctive areas of thousands of hectares. A soil
 

survey made for one group of users may not serve the other group well.
 

The elements of a soil survey can be adjusted to provide the most
 

useful product for the principal intended purposes. Different inten

sities of field study, different degrees of detail in mapping, dif

ferent phases or levels of abstraction in defining and naming map
 

units, and different map unit designs produce a wide range of soil
 

surveys. Adjustments in these elements form the basis for differentiat

ing five orders of soil survey (Table 2-1).
 

Recognition of these different levels of detail is helpful for
 

commuuicating about soil surveys and maps, even though the levels
 

cannot be sharply separated from each other. The orders are intended
 

to aid in the identification of the operational procedures used to
 

conduct a soil survey. They also indicate general levels of quality
 

control applied during the survey, which affect the kind and precision
 

of subsequent interpretations and predictions.
 

Orders of soil survey differ in the following elements:
 

I. 	 The kind of soils survey legend that is used, which is charac

terized by --


A. 	 The kinds of map units (consociations, complexes, associa

tions, and undifferentiated groups)
 

B. 	 The kinds of soil taxa used to identify the map units (soil
 

series, 	subgroups, great groups, suborders, and orders and
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--

phases of them)
 
II. 	 The standard of purity of delineated soil areas, including 


A. 	 The minimum area of a limiting dissimilar soil that must be
 
delineated separately (and thus excluded from areas 
identi

fied as another kind of soil)
 
B .	 The maximum percentage of limiting dissimilar inclusions
 

that 	is permissible in a map unit.
 

III. 	The kinds of field operations necessary to identify and delineate
 

areas of the map units within prescribed standards of purity.
 
IV. 	 The minimum map scale required to accommodate the map units 
of
 

the legend, the standards of purity, and the map detail justified
 

by field methods.
 

Mapping legends 
are adjusted to provide the degree of refinement
 
of map units required by the objectives of the survey. A map unit can
 
be identified as a consociation (an area dominated by a soil of a
 
single taxon such as a serles or a suborder) or as a group (geographic
 

mixture) of taxa, such as associations or complexes. A group may be
 
more 	heterogeneous, and less refined, than a consociation at the same
 
level of classification. A soil series has 
a much more narrowly
 

defined set of soil properties than a suborder 
and so is a more
 
refined distinction. Thus, phases of soil series are used as map
 
units if users need precise information about small areas of soils.
 
Phases of suborders might be used as 
soil map units If a very broad
 

perspective is needed of the soil resource of very large areas.
 
Standards of purity 
are 	adjusted according to the precision
 

required by the survey objectives. Probably all delineations contain
 
some kinds of soil besides that identified in the map unit name.
 
These inclusions reduce 
purity. Different kinds of inclusions,
 
however, have different effects on the value of the map for use. The
 
inclusions that most detract from purity are those that 
are distinctly
 
more limiting for use than the named soil. 
These are called limiting
 

dissimilar soils. 
 Not only the amount of such limiting soils but also
 
the size of their individual areas is Important. Soil survey stan

dards for both are set at levels that do not seriously detract from
 
the validity of interpretations based on the named soil.
 

Standards of 
purity are attained by adjusting the field opera
tions. If the standards require 
that areas of limiting dissimilar
 
soils as small as 0.1 ha be delineated, for example, the area must be
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traversed at intervals close enough to find areas tha small and the
 

soil must be examined at enough places along each traverse to detect
 

them.
 

The map scale must be large enough that areas of the minimum size
 

can be delineated legibly. Figure 2-1 illustrates the effect of scale
 

on legibility cf Liaps.
 

The choice of map scale also depends on the user's perspective.
 

Users who need precise information about small areas focus their
 

attention on a small part of the map and on a relatively few delinea

tions. They are not distracted by boundaries and symbols on other
 

parts of the map. Consequently, the map scale can usually be the
 

smallest that will permit legible delineation of the smallest areas.
 

Map users who want a broad perspective of large areas, however,
 

are usually concerned with comparisons among delineations of all, or a
 

large part, of the map. Many closely space boundaries and symbols are
 

confusing. Consequently, delineations on maps for such uses are
 

generally larger and fewer in number. Although such maps are usually
 

at small scale, the scale is commonly larger than the minimum that
 

would permit legible delineation of the smallest areas.
 

Table 2-2 shows the relationships between map scales and the
 

smallest delineations that can be made legibly at those scales. The
 

difference between the smallest delineation that could be made and the
 

smallest that is commonly made increases as map scale decreases.
 

When the elements of the soil survey are skillfully coordinated
 

with the purposes for making the survey, the needis oi the users can be
 

met. The order of a survey is a consequence of field procedures, the
 

minimum size of delineation, and the kinds of man units that are used.
 

Table 2-1 is a key for identifying kinds of soil surveys.
 

First order surveys are made for very intensive land uses requir

ing very detailed information about soil3, generally in small
 

areas. The information can be used in rlanning for irrigation,
 

drainage, truck crops, citrus or other specialty crops o7 xperimental
 

plots, individual building sites, and other uses that require a
 

detailed and very precise knowledge of the soils and their variabil

ity.
 

Field procedures permit observation of soil boundaries throughout
 

their length. The soils in each delineation are identified by transecc-

Ing or traversing. Remotely sensed data are used as an aid in boun
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dary delineation. Map units are mostly consociations with some
 

complexes and are phases of soil 
series or are miscellaneous areas.
 
Delineations have a minimum size of about 1 hectare (2.5 acres) or
 

less, depending 
on scale, and contain a minimum amount of contrasting
 

inclusions within the limits permitted by 
the kind of map unit used.
 

Base map scale is generally 1:15,840 or larger.
 

Second order surveys are made for intensive land uses that
 

require detailed information about soil resources 
for making predict

ions of suitability for use and of treatment needs. 
 The information
 

can be used in planning for general agriculture, construction, urban
 
development, and similar 
uses that require precise knowledge of the
 

soils and their variability.
 

Field procedures permit plotting of soil boundaries by observa

tion and by interpretation of remotely sensed data. Boundaries are
 

verified at closely spaced intervals, and the soils in each delinea
tion are identified by transecting or traversing. Map units are
 

mostly consociations and complexes. Occasional undifferentiated
 

groups or associations are also used. C.mponents of map units are
 
phases of soil series or are miscellaneous areas. Delineations are
 

variable in size, with a minimum of 0.6 to 4 hectares, (1.5 to 10
 

acres) depending on landscape 
 complexity and survey objectives.
 

Contracting inclusions vary in size and amount within the limits
 

permitted by the kind of map unit used. 
 Base map scale is generally
 

1:12,000 to 1:31,680, depending on the complexity of the soil pattern
 

within the area.
 

Third order surveys are made for extensive land uses that do not
 

require precise knowledge of small areas or detailed soils informa

tion. Such survey areas are usually dominated by a single land use
 

and have few subordinate uges. The information can be used in
 

planning for range, forest, recreational areas, and similarly exten

sive land uses and in community planning.
 

Field procedures permit plotting of most soil boundaries by
 

interpretation of remotely sensed data. Boundaries are verified by
 

direct observations. The soils are Identified by transecting repre

sentative areas and applying the information to like areas. Some
 

additional observations are made for verification. Map units are
 

mostly associations, but complexes, consociations and undifferentiated
 
groups can be used. Components of map units are phases of soil series
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or of taxa abovethe series, or miscellaneous areas. Delineations
 

have a minimum size of about 1.6 to 256 hectares, (4 to 640 acres)
 

depending on the survey objective and complexity of the landscapes.
 

Contrasting inclusions vary in size and amount within the limits
 

permitted by the kind of map unit used. Base map scale is generally
 

1:20,000 to 1:250,000, depending on the complexity of the soil pattern
 

and intended use of the maps.
 

Fourth order surveys are made for extensive land uses that need
 

general information for broad statements concerning land-use potential
 

and general land management. The information can be used in locating,
 

comparing, and selecting suitable areas for major kinds of land use,
 

in regional land-use planning, and in selecting areas for more inten

sive study and investigation.
 

Field procedures permit plotting of soil boundaries by interpre

tation of remotely sensed data. The soils are identified by tran

secting representative areas to determine soil patterns and composi

tion of map units and applying the information to like areas. Most
 

map units associations, but some consociations, complexes, and
 

undifferentiated groups may be used in some surveys. Components of
 

map units are phases of soil series or of taxa above the series or are
 

miscellaneous areas. Minimum size of delineations is at 
least 40 to
 

4,000 hectares, (100 to 10,000 acres) and contrasting inclusions vary
 

in size and amount within the limits permitted by the kind of map unit
 

used. Base map scale is generally 1:100,000 to 1:1,000,000.
 

Fifth order surveys are made to :ollect soils information in very
 

large areas at a level of detail suitable fcr planning regional land
 

use and interpreting information at a high level of generalization.
 

The primary use of this information is selection of areas for more
 

intensive study.
 

Field procedures consist of mapping representative areas of 39 to
 

65 square kilometers (15 to 25 square miles) to determine soil pat

terns and composition of map units. This 4nformation is then applied
 

to like areas by interpretation of remotely sensed data. Soils are
 

identified by a few on-site observations or by traversing. Most map
 

units are associations, but some consociations and undifferentiated
 

groups may be used. Components of map units are phases of taxa at
 

categorical levels above the series and miscellaneous areas. Minimum
 

size of delineations is about 1,000 to 4,000 hectares (2,5000 to
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10,000 acres). Contrasting inclusions vary in size and amount within
 

the limits permitted by 
the kind of map unit used. Base-map scale
 

ranges from about 1:500,000 to 1:1,000,000 or smaller.
 

Use of Two Orders of Soil Survey in the Same Project
 

Some soils 
survey areas have two or more separate and distinct
 
parts that have different needs. For example, one 
part may be mapped
 
to make predictions that pertain to irrigated farming but the other to
 

make predictions 
that relate to range management. The irrigated part
 

should be mapped at the intensity required for a Ist order or 2nd
 
order soil survey, and map units 
are mostly consociaticns of narrowly
 

defined phases 
of soil series. The part used for grazing, however,
 

can be mapped as a 3rd order survey using associations, complexes, and
 

some consociations of more broadly defined phases of soil series or of
 
taxa above the series. Some map units of the two 
parts will consist
 

of the same 
kinds of soil, but great care is exercised to ensure that
 
map nits for the two different orders of soil survey maps dr, -iot have
 

the same names or symbols.
 

Large separate and distinct areas that are within the 
same
 

prcJect but surveyed by different methods are distinguished clearly by
 
boundaries on the published soil map on inset map.
or a small-scale 


Each part is identified by a note printed parallel to the line separat

ing the areas of each survey order. The two parts have separate
 

legends. The parts are considered as distinctly different orders 
of
 

soil survey, but 
the results are reported in the same publication.
 

The same map scale or differunt scales may be used for the different
 

survey orders, depending on the intended uses.
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Table 2-1 

Key for Identifying Kinds of Soil Survey 

Appropriate 

Level of Minimum Typical scales for Kind of 
data size components field mapping Soil 

needed 
z 

Field procedures delineation
1/ 

of map units Kinds of map units 2-/ and Publication survey 

--
Hectares 

Very intensive The soils in each delineation are 1 or less Phases of Mostly consociations; 1:15,840 or lst order 

(i.e., experi- identified by transecting or soil series; some complexes larger 
mental plots, traversing. Soil boundaries are miscellaneous 
individual observed throughout their length, areas 
building sites) Remotely sensed data is used as 

an aid in boundary delineation. 

Intensive The soils in each delineation are 0.6 to 4 Phases of Consociations and 1:12,000 to 2nd order 
(i.e., general identified by transecting or soil series; complexes; some 1:31,680 
agriculture, traversing. Soil boundaries are miscellaneous undifferentiated 
urban planning) plotted by observation and inter- areas; few and associated 

pretation of remotely sensed data. named at a 
Boundaries are verified at closely level above 

W spaced intervals, the series 
0 

Extensive The soils are identified by tran- 1.6 to 256 Phases of Mostly associations 1:20,000 to 3rd order 
N) (i.e., range-

land, forest 
secting representative areas with 
some additional observations, 

soil series 
and levels 

or complexes;
consociations 

some 
and 

1t250,000 

X land, community Boundaries are plotted mostly by above the undifferentiated 
planning) interpretation of remotely sensed series, mis- groups 

P' 
data and verified with some cellaneous 

observations, areas 

Extensive The soils are identified by tran- 40 to Phases of Mostly associationst 1100,000 to 4th order 
(i.e., regional) secting representative areas to 4,000 levels above some consociations, 1:1,000,000 
planning) determine soil patterns and the series complexes, and 

composition of map units. miscellaneous undifferentiated 
Boundaries are plotted by inter- areasi phases groups 
pretation of remotely sensed data. 

Very extensive The soil patterns and composition 1,000 to Phases of levels Associations 1:500,000 to 5th order 

(i.e., selec- of map units are determined by 4,000 above the7 series some consociations 11,000,000 
tions of areas mapping representative areas miscellaneous and undifferentiated or smaller 
for more and applying the information to areas groups 

intensive like areas by interpretation of 
study) remotely sensed data. Soils are 

verified by occasional onsite 

investigation or by traversing. 

l/This is about the smallest delineation allowable for readable soil maps (see table 2-2). 
 In practice, the minimum size delineations are
 
generally larger than the minimum size shown.
 
2

/Where applicable, all kinds of map units (consociations, complex, association, undifferentiated) can be used in any order of soil survey,
 

and they are not identified as a particular order of map unit.
 



Table 2-2
 

Guide to Map Scales and Minimum Delineation Size
 

Inches Minimum size
 
Map scale 
 per mile delineation
 

1:500 126.7 

1:2,000 32.7 

1:5,000 12.7 

1:7,920 8.00 

1:10,000 6.34 

1:12,000 5.28 

1:15,840 4.00 

1:20,000 3.17 

1:24,000 (7 1/2') 2.64 

1:31,680 2.00 

1:62,500 (15') 1.01 

1:63,360 1.00 

1:100,000 0.63 

1:125,000 0.51 

1:250,000 0.25 

1:300,000 0.21 

1:500,000 0.127 

1:750,000 0.084 

1:1,000,000 0.063 

1:5,000,000 0.013 

1:7,500,000 0.0084 

1:15,000,C00 0.0042 

1:30,000,000 0.0021 

1:88,000,000 0.007 

acres 


0.0025 


0.040 


0.25 


0.62 


1.00 


1.43 


2.5 


4.0 


5.7 


10.0 


39 


40 


100 


156 


623 


897 


2,500 


5,600 


10,000 


249.000 


560,000 


2,240,000 


9,000,000 


77,000,000 


hectares
 

0.001
 

0.016
 

0.10
 

0.25
 

0.41
 

0.57
 

1.0
 

1.6
 

2.3
 

4.1
 

15.8
 

16.2
 

40.5
 

63
 

252
 

363
 

1,000
 

2,270
 

4,000
 

101,000
 

227,000
 

907,000
 

3,650,000
 

31,200,000
 

1The "minimum sIzE _alineation" is taken as a 1/4-inch square area
 
(1/16 sq. In.). Cartographically, this is about the smallest area in
 
which a symbol can be printed readily. Smaller areas can be de
lineated, and the symbol lined in from outside, but such very small
 
delineations drastically reduce map legibility.
 

73
 



UNIVERSAL SOIL LOSS EQUATION
 

Lucien N. Langan
 

The Universal Soil Loss Equation (USLE) enables planners and
 

others to predict the average rate of soil erosion for each feasible
 

alternative combination of crop system and management practices in
 

association with a named kind of soil, rainfall pattern, and topo

graphy. When these predicted losses are compared with given soil loss
 

tolerances, they provide specific guidelines for effecting erosion
 

control within specified limits. The equation groups the numerous
 

interrelated physical and management parameters that influence erosion
 

rate under six major factors whose site specific values can be ex

pressed numerically.
 

The USLE is an erosion model designed to compute long-time
 

average soil losses from sheet and rill erosion under specified
 

conditions. It does not predict deposition and does not compute
 

sediment yields from gully, streambank, and streamed erosion.
 

This paper does not treat all six of the major factors used in
 

predicting soil erosion, only soil loss tolerance (T) and soil erod-


Ibility factor (K). This is predicated on time constraints and the
 

subject of this forum - soils and their properties. For those wishing
 

to delve into the Universal Soil Loss Equation and its other major
 

factor, you should study," Predicting Rainfall Erosion Losses - A 

Guide to Conservation Planning," Agriculture,Handbook Number 537,
 

United States Department of Agriculture, December 1978 or more recent
 

revisions.
 

Soil Loss Tolerance
 

The term "soil loss tolerance" (T) denotes the maximum level of
 

soil erosion that will permit a high level of crop productivity to be
 

sustained economically and indefinitely.
 

The major purpose of the soil loss equation Is to guide methodical
 

decision making in conservation planning on a site basis. The equation
 

enables thz planner to predict the average rate of soil erosion for
 

each of various alternative combinations of crop system, management
 

techniques, and control practices on any particular site. When these
 

predicted losses can be compared with a soil loss tolerance for that
 

site, they provide specific guidelines for effecting erosion control
 

within the specified limits. Any cropping and management combi.nation
 
for which the predicted erosion rate is less than the tolerance may be
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expected to provide satisfactory erosion control. 
 From the satisfac
tory alternatives indicated by this procedure, the one best suited to
 
a particular farm or other enterprise may then be selected.
 

Snil loss tolerances ranging from 5 to 
2 t/A/year for the soils
 
of the 
United States were derived by soil scientists, agronomists,
 
geologists, soil conservationists, and 
Federal and State research
 
leaders at six 
regional workshops in 1961 and 
1962. Factors con
sidered in defining these limits included soil depth, physical proper

and other characteristics
ties affecting root development, gully
 
prevention, on-field 
sediment problems, seeding losses, 
soil organic
 
mattec reduction, and plant nutrient losses. 
A deep, medium-textured,
 
moderately permeable 
soil that has subsoil characteristics favorable
 
fo: plant growth has a grezter tolerance than soils with shallow root
 
zones 
or high percentages 
of shale at the surface. Widespread
 
experience has 
shown these soil loss tolerances to be feasible and
 
generally adequate for sustaining high productivity levels indefinitely.
 

Soil Loss Equation
 

The erosion rate at 
a given site is determined by the particular
 
way in which the levels on numerous physical and management variables
 
are combined at that site. 
 Physical measurements of soil loss for
 
each of the large number of possible combinations in which the levels
 
of these variable factors 
can occur under field conditions would not
 
be feasible. Soil loss equations were developed to 
enable conser
vation planners and others to project limited erosion data to 
the many
 
localities and conditions that have not been directly represented in
 
the research.
 

The USLE is an erosion model designed to predict 
the longtime
 
average soil losses 
in runoff from specific field areas 
in specified
 
cropping and management systems. 
Widespread field use has substantiated
 
its usefulness and validity for this purpose. 
 It is also applicable
 
for such nonagricultural conditions as construction sites.
 

With appropriate selection of 
its factor values, the equation
 
will compute the average 
soil loss for a multicrop system, for 
a
 
particular crop 
year in a rotation, or for a particular cropstage
 
period within a crop year. 
It computes the soil loss for 
a given site
 
as the product of 
six major factors whose most likely values at a
 
particular location 
can be expressed numerically. Erosion variables
 
reflected by these 
factors vary considerably about their means from
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storm to storm, but effects of the random fluctuations tend to average
 

out over extended periods. Because of the unpredictable short-time
 

fluctuations in the levels of influential variables, however, present
 

soil loss equations are substantially less accurate for prediction of
 

specific events than for prediction of longtime averages.
 

The soil loss equation is 

A = RKLSCP (1) 

where 

A is the computed soil loss per unit area, expressed in the units 

selected for K and for the period selected for R. In practice, these
 

are usually so selected that they compute A in tons per acre per year,
 

but other units can be selected. I/
 

R, the rainfall and runoff factor, is the number of rainfall
 

erosion index units, plus a factor for runoff from snowmelt or applied
 

water where such runoff is significant.
 

K, the soil erodibility factor, is the soil loss rate per erosion
 

index unit for a specified soil as measured on a unit plot, which is
 

defined as a 72.6-ft. length of uniform 9-percent slopes continuously
 

in clean-tilled fallow.
 

L, the slope-length factor, is the ratio of soil losi. from the
 

field slopes length to that from a 72.6-ft. length under identical
 

conditions.
 

S, the slope-steepness factor, is the ratio of soil loss from the
 

field slope gradient to that from a 9-percent slopes under otherwise
 

identical conditio-s.
 

C, the cover and management factor, is the ratio of soil loss
 

from an area with specified cover and management to that from an
 

identical area in tilled continuous fallow.
 

P, the support practice factor, is the ratio of soil loss with a
 

support practice like contouring, stripcropping, or terracing to that
 

with straight-row farming up and down the slope.
 

Numerical values for each of the six factors were derived from
 

analyses of the assembled research data and from National Weather
 

Service precipitation records.
 

Soil Erodibility Factor (K)
 

The meaning of the term "soil erodibility" is distinctly different
 

from that of the term "soil erosion". The rate of soil erosion, A, in
 

the soil loss equation, may be influenced more by land slope, rain

76
 



storm characteristics, cover, and management than by inherent proper

ties of the soil. However, some soils erode more readily than others
 

even when all other factors are the same. This difference, caused by
 

properties of the soil itself, is referred to as the soil erodibility.
 

Several early attempts were made to determine criteria for scientific
 

classifications of soils according to erodibility, but classifications
 

used for erosion prediction were only relative rankings.
 

Differences in the natural susceptibilities of soils to erosion
 

are difficult to quantify from field observations. Even a soil with a
 

relatively low erodibility factor may show signs of serious erosion
 

when it occurs on long or steep slopes or in localities with numerous
 

high-intensity rainstorms. A soil with a high natural erodibility
 

factor, on the other hand, may show little evidence of actual erosion
 

under gentle rainfall when it occurs on short and gentle slopes, or
 

when the best possible management is practiced. The effects of
 

rainfall differences, slope, cover, and management are accounted for
 

in the prediction equation by the symbols R, L, S, C, and P. There

fore, the soil erodibility factor, K, must be evaluated independently
 

of the effects of the other factors.
 

The soil erodibility factor, K, in the USLE is a quantitative
 

value experimentally determined. For a particular soil, factor K is
 

defined as the rate of soil loss per erosion index unit as measured on
 

a "unit" pint, which has been arbitrarily defined as follows:
 

A unit plot is 72.6 ft. long, with a uniform lengthwise slope of
 

9 percent, in continuous fallow, tilled up and down the slope.
 

Continuous fallow, for this purpose, is land that has been tilled and
 

kept free of vegetation for more than 2 years. During the period of
 

soil loss measurements, the plot is plowed and placed In conventional
 

corn seedbed condition each spring and is tilled as needed to prevent
 

vegetative growth and severe surface crusting. When all of these
 

conditions are met, L, S, C, and P each equal 1.0 and K equals A/El.
 

I/ The soil loss equation and factor evaluation charts were developed
 

In terms of the English units commonlv used in the United States.
 

Their counterparts In metric units are available In Agriculture
 

Handbook #537.
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The 72.6 ft. length and 9 percent steepness were selected as base
 
values for L, S, and K because they are the predominant slope length
 
and about the average gradient on which past erosion measurements in
 
the United States had been made. The designated management provides a
 
condition that nearly 
eliminates effects of cover, management, and
 
land use residual and that can be duplicated on any cropland.
 

Direct measurements of K on well-replicated, unit plots as
 
described reflect the combined effects of all the soil properties that
 

significantly influence the ease 
with which a particular soil is
 
eroded by rainfall and runoff If not protected. However, K is an
 
average value for 
a given soil, and direct measurement of the factor
 
requires soil loss measurements for a representative range of storm
 
sizes and antecedent soil conditions. To evaluate K for soils that do
 
not usually occur on a 9-percent slope, soil loss data from plots that
 
meet all the other specified conditions are adjusted to tlis base by
 

S.
 

Representative values of K for most of the soil types and texture
 

classes recognized in the United States can be 
obtained from tables
 

prepared by soil scientists using the latest available research
 
information. These tables 
 are available from Technical Service
 
Centers or State office of the SCS. 
 Values for exact soil conditions
 

at a specific site can be computed by use of the soil erodibility
 

nomograph.
 

Usually a soil type becomes less erodible with decrease 
in silt
 
fraction, regardless of whether the corresponding increase is in the
 
sand fraction or the clay fraction. Overall, organic matter content
 
ranked next to particle-size distribution as an indicator or erodi

bility. However, a soil's erodibility is a function of complex
 

interactions of a substantial number of 
its physical and chemical
 

properties and often varies within a standard texture class.
 

Soil Erodibility Nomograph
 

The soil loss data show 
that very fine sand ( 0.05-0.10 mn) is 
comparable in erodibility to silt-sized particles and that mechanical

-analysis data are much more valuable when expressed by an interaction
 

term that describes the proportions in which the sand, silt, and clay
 
fractions are combined 
in the soil. When mechanical analysis data
 
based on the standard USDA classification are used for the nomograph
 
in figure 3, the percentage of very fine sand (0.1=0.05 mm) must first
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be transferred from 
the sand fraction to the silt fraction. The
 
mechanical analysis data are 
 then effectively described by a
 
particle-size parameter M, which equals: percent 
silt (0.1-0.002 mm)
 
times the quantity 100-minus-percent-clay. 
 Where the silt fiaction
 
does not exceed 70 percent, erodibility varies approximately as the
 
1.14 power of this parameter but prediction accuracy is improved by
 

adding information on organic 
matter content, soil structure, and
 

profile permeability class.
 

For soils containing less than 70 percent silt and very fine
 

sand, the nomograph (fig. 3) solves the equation:
 

100 K = 2.1 MI ' 14 (10-4) 12-a) = 3.25 (b-2) =2.5 (c-3) 
where
 

M = the particle-size parameter defined above,
 

a = percent organic matter
 

b = the soil-structure code used in soil classification, and
 
c = the profile-permeability class.
 

The intersection of the 
selected percent-silt and percent-sand lines
 
computes the value of M on the unidentified horizontal scale of the
 
nomograph. 
 (Percent clay enters into the computation as 100 minus the
 

percentages of sand and silt).
 

The data indicate a change in 
the relation of M to arodibility
 
wne-a the silt and very fine sand fraction exceeds about 70 percent.
 
This change was empirically reflected by inflections in the per
cent-sand curves at that point but 
ha, not been described by a 

numerical equation. 

Nomograph Solution 

With appropriate data, enter the scale at the left and proceed to 
points representing the soil's percent sand (0.10-2 1) mm), percent 
organic matter, structure code, and permeability class as illustrated
 
by the dotted line on the nomograph. The horizontal 
and vertical
 

moves must be made in the listed sequence. Use linear interpolations
 

between plotted 
lines. The structure code and permeability classes
 

are defined on the nomograph for reference.
 

Many agricultural soils have both fine granular topsoil and
 
moderate permeability. For these soils, K may be read from the scale
 
labeled "first approximntion of K," and the second block of the graph
 
is not needed. For all other soils, however, the procedure must be
 
completed to the soil e; 
 ity scale in the second half of the
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LABORATORY CHARACTERIZATION OF SOILS FOR TAXONOMY
 

R.J. Morrison
 

Institute of Natural Resources
 

University of the South Pacific
 

P.O. Box 1168
 

Suva, Fiji
 

The classification of soils using Soil Taxonomy (Soil Survey
 

Staff, 1975) involves as differentiating characteristics both
 

morphological and physico-chemical properties. The physico-chemIcal
 

parameters are usually determined in the laboratory and are intended
 

to complement the field determined morphological parameters. The
 

classification of a soil to 
the family level may involve an extensive
 

number of laboratory determined parameters. This reliance on
 

laboratory analyses (for which resources may not always be available
 

in developing countries) is viewed by some as a weakness of Soil
 

Taxonomy, but if the desire is to have a classification system that
 

separates soils into well defined (both qualitatively and
 

quantitatively) taxa then laboratory derived information aLd strictly
 

defined limits for the different groupings are essential.
 

Laboratory analysis data is also required for a detailed
 

evaluation of the soils studied. A full laboratory analysis involving
 

physical, chemical and mineralogical studies provides a wealth of
 

information that is of use in understanding genesis and composition,
 

In soil correlation and in evaluating the changes brought about by
 

different management practiceo (soil interpretation). Below each of
 

the categories - physical, chemical and mineralogical parameters - is
 

discussed separately but It is important to note that there are a
 

significant number of instances in Soil Taxonomy where physical and
 

chemical parameters are used in tandem. Also, the mineralogy has a
 

marked influence on many of the physical and chemical properties of a
 

soil. This will be illustrated where appropriate.
 

SAMPLING
 

It is important that appropriate samples are collected during the
 

field phase of a soil survey, as often there will be no second
 

opportunity for sample collection. A knowlege cf the differentiating
 

eriteria and the depths at which they are employed in Soil Taxonomy is
 

therefore important. As a guide, however, mo t profiles should be
 

sampled to a depth of 2 m unless particular soil conditions prevent
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this (e.g. a lithic contact). Usually all morpho-genetic horizons are
 
sampled and when a particlular horizon is relatively thick one sample
 
is taken for each 25 cm.
 

PHYSICAL PARAMETERS
 

The most widely used physical property is particle size
 
distribution. Particle 
size distribution refers to the 
amounts of
 
various size fractions (sand, 2.00-0.05 mm; silt, 0.05-0.002 mm; clay,
 
less than 
0.002 mm) present in the soil material. Particle size
 
analyses are usually carried out 
on the "fine earth fraction" i.e.
 
material passing a 2mm sieve. 
 Methods used to assess 
the size
 
distribution are based 
on a combination of sieving 
 (for corase
 
particles) and settling rates 
in water (for finer particles). These
 
latter measurements can be made by 
the pipette method (SCS-USDA,
 
1972), the hydrometer method (Day, 1965), 
the plummet balance (Hutton,
 
1955) or by the use of 
X-rays (Hendrix and Orr, 1970). Results
 
obtained from the fine earth fraction may be used in conjunction with
 
data obtained on coarse fragments, where they are present, 
to obtain
 
the particle size distribution of the whole soil in a defined particle
 
size control section (the selection of the control section is
 

iescribed by Thomas (1982).
 

Particle size distribution information is used 
in many ways in
 

argillic 


Soil Taxonomy. Results on the fine earth fraction are used to 
determine textural classes (see Soil Taxonomy pp. 469-472), and in 
defining some diagnostic horizons. Most notably, in addition to 
morphological evidence, the definition of the horizon 
requires 
that the clay content must differ in specific ways from that
 
in ov-1ving or underlying horizons. Clay content is also used as 
an
 
element in calculations of cation-exchange capacity/100 g of clay, to
 
assist in the definitions of the spodic, cambic, 
and oxic horizons,
 
and in several other places throughout the hierarchy of Soil Taxonomy.
 

farticles size classes based on whole 
soil particle size
 
distribution are also used in Soil Taxonomy. 
The use of particle size
 
class names to define families allows some broad statements to be made
 
about water movement, retention and storage in the soil. Soils with
 
clayey particle size class are likely to 
have low Infiltration rates
 
and therefore prove difficult to drain; 
loamy and silty soils are
 
likely to store reasonably high amounts 
of water available to plants;
 
and 
loamy soils will be easily cultivated. Sandy soils are likly to
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to be excessively well drained with high infiltration rates and
 

limited plant-available water storage. Some information of
 

engineering significance may also be inferred from the particle size
 

class.
 

BULK DENSITY
 

This is defined as the dry mass of solid material in unit volume
 

of natural soil. Since some soils shrink or swell as their water
 

content changes seasonally a technique has been developed so that bulk
 

density may be measured for all soils under standard reproducible
 

conditions. In this method soils are brought to equilibrium at a
 

standard water tension of 1/3 bar before their volume is measured
 

(SCS-USDA, 1972). Core samples are still frequently used to measure
 

bulk density but this method is of restricted use since it does not
 

give satisfactory results for shrink-swell soils or dry, friable
 

soils.
 

In Soil Taxonomy, bulk density is used in a number of ways. One
 

is as a criterion for identifying soils for classification as Andi

sols. Some Andisols in the proposed order (or Andepts) are defined
 

if, among other properties, they have a bulk density of less than 0.85
 

T/m3 (g/cm3) (although it has been recently proposed that this limit
 
3
be changed to 0.9T/m (ICOMMAND, 1984)). When occurring in combina

tion with certain other properties, low bulk density is often asso

ciated with the presence of allophane or other short-range order
 

minerals. Such soils have important agronomic and engineering
 

properties. In addition, bulk density is used to define Andic (or
 

Andeptic) subgroups in other orders, but with a loc7er density being
 

allowed.
 

Bulk density is also used in defining Hum-suborders of the Oxisol
 

and Ultisol orders, and the great group of Humitropepts. These taxa
 

are required to have at least 12 kg of organic carbon, exclusive of
 

surface litter, in the soil per square meter to a depth of ].m or to
 

a shallower lithic or paralithic contact. Often the exact value of
 

bulk density is not critical in this calculation, but in marginal
 

situations the measured values of bulk density must be used. Bulk
 

density is also used in definition of Histosols since it is included
 

n the criteria defining organic soil materials.
 

WATER RETENTION AT 15-BAR TENSION
 

Plants obtain water from soil effectively by suction. There is a
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limit to the capacity of a plant 
to apply the necessary suction (or
 
tension) in order to extract water. 
As soil dries out, there comes a
 
point at which plants can no 
longer extract water 
and the water
 
content of the soil at this point 
as known as the wilting point of the
 
soil. It has 
been found that 
for many soils the wilting point is
 
close to the 
water content obtained after a soil had 
 reached 
e,Klibrium against a tension of 15-bar (1.5 x 106 Nm2). 

Modern techniques for measuring 15-bar 
 water involve the
 
application of such tensions by 
creating a pressure differential
 
across a semi-permeable membrane 
on which the wet soil 
is placed.
 
After equilibrium has been reached, the soil is removed and its water
 
content measured. 
For many soils there is a good correlation between
 
the 
15-bar water measured on originally air-dry material and the clay
 
content determined by particle size analysis (Gangaiya et al., 
1982).
 
This suggests that the technique is probably measuring 
a property
 
related 
to the surface area of the soil 
material. The close
 
relationship between 15-bar 
water and clay content is used to
 
determine the amouvt 
of clay present in 
a sample that is difficult to
 
disperse, or where 
the suspension used 
to measure particle size
 
floculates. In Oxisols, for 
example, the material 
in some oxic
 
horizons hoes not disperse easily, 
so that when a ratio of 15-bar
 
water (on air-dry material) to measure 
clay exceeds 0.6 the 15-bar
 
water data may be used to estimate the clay content by multiplying the
 
% water required by 2.5.
 

Irreversible drying usually takes place to some extent when moist
 
soils aru -.r-dried, but some soils 
show a s!gnificant difference in
 
the 15-bar water determined on field-moist and air-dry samples. 
 These
 
latter soils are usually derived from voicanic material and water
 
retention change 
on 
drying seems ielated to the presence of short
 
range order minerals like 
allophane and Imogolite. They frequently
 
have very high contents of water retained against 
15-bar tension.
 
This information is incorporated in the proposal- Zor the Andisol
 
order (ICOMMAND, 1984).
 

Earlier it was stated 
that some soils shrink and swell with
 
variations in water 
 content. This 
 has important engineering
 
consequences and 
so is an 
important piece of information to have on a
 
soil. The degree of shrink/swell character 
is measured as the
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Coefficient of Linear Extensibility (COLE) and is (Lm - Ld) - Ld where
 

Lm is the length of a sample at 1/3 bar tension and Ld is the length
 

when dry and can be calculated from the bulk density determined under
 

each condition.
 

The n value of a soil is helpful in predicting whether the soil
 

may be used for livestock grazing or will support other loads and the
 

degree of subsidence that may occur after drainage. The n value is a
 

measure of the relation between the percentage of under field
 

conditions and the percentages of inorganic clay and humus and is
 

determined (for non-thixotropic soils) using the formula.
 

n = (A - .2R) - (L + 3H) 

where A = % water in soil under field conditions (calculated on a 

dry-soil basis), R = % (silt + sand), L = % clay, H = % organic 

matter. High values of n ( 0.7) are usually only found for soils 

that have been permanently saturated e.g. marshes, swamps, shallow 

lakes and it is with these soils that bearing problems are likely to
 

occur. The n value is only used for mineral soils.
 

CHEMISTRY AND MINERALOGY
 

Soil chemistry is basically determined by reactions at the
 

surfaces of soil particles. The soil solids may be organic or
 

inorganic (or an intimate mixture), and the nature of the particle
 

surfaces is determined by the relative proportions of the organic or
 

inorganic components and the minerology. It should be noted that the
 

nature and relative amounts of the organic and the different inorganic
 

solid solids markedly influence the physical and engineering proper

ties of the soil, e.g., bulk density, p-asticity index, COLE.
 

Probably the single most important property determining soil
 

behavior is the surface area (or specific surface). Different
 

minerals have different surface areas as shown in the table below and
 

therefore the mineralogy is a vitally Important factor controlling
 

soil behavior.
 
2 -1
 

Surface area m g
Mineral 


Smectite (montmorillonite) 600 - 800
 

Kaolinite 10 - 50
 

Oxides (e.g. gibbsite, geothita, silica) 10 - 40
 

The surfaces of soil materials, whether of mineral or organic
 

origin, are electrically charged. Soil materials can be divided Into
 

two main types depending on whether the surface charge is constant or
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variable. This division is not a rigid one because a single soil
 

material can exhibit both types of behavior and real 
soils commonly
 

contain a mixture 
of constant and variable charge materials. The
 

constant surface charge is produced by isomorphous substitutions
 

within the mineral structure and is therefore independent of external
 

factors such as the pH and composition of the soil solution. Constant
 

charge materials are aluminosilicate minerals in which extensive
 

isomorphous substitution occurs, e.g. smectite, illite, vermiculite
 

and chlorite.
 

In variable charge materials the surface charge is datermined by
 

interactions between the surface and the soil surface. 
 One example is
 

outlined below for surface hydroxyl groups:
 

OH2 CH OHi 

7 OH OHiM M -,--

HH+H+ 

1H2 O1-I2 OH 

The soil materials which show variable charge behaviour are the 

oxides, the short-range order aluminosilicates, kaolinite, halloysite 

and the organic matter, Thus for soils dominated by variable charge 

materials the surface charge and related properties, e.g. cation 

exchange capacity, will be determined by the nature (pH and 

composition) of the soil solution. Soil Taxonomy therefore requires 

ion exhange parameters to be determined under specified conditions 

(see later). 

The chemical properties of soils, as determined by mineralogy and
 

organic matter content, are included as differentiating characteris

tics at all levels in the hierarchy of Soll Taxonomy. These are too
 

numerous to include in total, but 
a number of the more important
 

determinations are listed 
In Table I together with the situations In 
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Soil Taxonomy where they are used and interpretative references. It
 

should be noted that the use of chemical data cannot be made in
 

certain situations without a knowledge of physical properties such as
 

bulk density or particle size distribution. A discussion of some of
 

the more important chemical criteria Is given below; some of the
 

practical considerations are outlined by Morrison (1982).
 

In Soil Taxonomy, soil organic carbon values are used in two
 

ways: (a) as the experimentally determined values or (b) in the
 

calculation of accummulation indexes, e.g. the amount of organic
 

carbon in a square meter of soil to a depth of 1 meter or to a
 

specified contact. Calculations of this latter type can be visualized
 

in several steps:
 

(1) 	Multiply the %C for a horizon times the bulk density times the
 

horizon thickness
 

(2) 	If course fragments are present, multiply by the volume fraction
 

of the fine earth
 

(3) 	Multiply by 0.1 to convert to units of kg m per horizon
 

(4) 	Sum the products to give the accumulation index
 

Some of the uses of organic carbon contents In Soil Taxonomy are
 

listed in Table 2 below together with the limits applied.
 

TABLE 2. USE OF ORGANIC CARBON DATA IN SOIL TAXONOMY
 

Use in Soil Taxonomy Limit Set
 

Mollic Epipedon definition ;0.6% (with other criteria)
 

Umbric Epipadon definition ;0.6% (with other criteria)
 

Ochric Epipedon definition 40.6% (with other criteria)
 

Histic Epipedon 118% if minral fraction is 60% 
or
 

more clay (see p. 17 Soil Taxonomy)
 
Humic suborder of Ultisols and 2
Humox >16 kg organic carbon m to
 

Ultisols and Oxisols a depth of im
 

Humults ,0.9% organic carbon in the
 

upper 15 cm of the argillic horizon
 

or ;12 kg organic carborn m to a
 

depth of Im
 

Humic great groups Humitropepts -12 kg organic carbon
 
-2
 

m to a depth of Im
 
Fluventic subgroups % does not decrease regularly with
 

depth in profile
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TABLE 1. CHEMICAL CRITERIA USED IN SOIL TAXONOMY
 

Measurement 


1. 	 Organic carbon 


Content 


2. 	 Cation Exchange 


Capacity (CEC) 


3. 	 Base Saturation 


(%) 

4. 	 Exchangeable Bases 


and Exchange 


Acidity 


Use 	in Soil Taxonm 


Defining Histi , Mollic 


Anthropic, Umbric, Spodic 


horizons 


Defining Humic Suborders
 

and 	great groups
 

Defining Oxic horizons 


and oxic subgroups 


(ratio of CEC to 15-bar 


H20) 


Distinguishing between 


Alfisols and Ultisols; 


distinguishing between 


Mollic and Umbric epipedons; 


distinguishing between 


Eutric and Dystric 


great groups 


Natric horizon ECDAM in 


definition of Andisols 


(Andepts) Allic subgroups 


Andic subgroups 


Inference
 

Extent of
 

accumulation of
 

organic matter;
 

contribution to
 

CEC: 	N levels
 

(?) 

Clay
 

mineralogy;
 

degree of
 

weathering;
 

nutrient
 

storage
 

capacity;
 

engineering
 

properties
 

Degree of
 

leaching;
 

levels of
 

available
 

bases; in some
 

situations
 

inferences
 

about pH can be
 

made.
 

High sodium
 

levels; high
 

variable charge
 

mineral
 

contents; high
 

levels of
 

soluble
 

aluminium
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(Table 1, Continued)
 

5. 	 pN :ApH Acric great groups of Positively
 

Oxisols charged
 

surfaces 

pH N a F Definition of Andisols Presence of 

and Andeptic subgroups non-crystalline
 

minerals
 

pH43.5 Sulphuric horizon Acid sulphate
 

soils and
 

likely toxicity
 

problems
 
6. % CaCO3 	 Calcic and ietrocalcic Chlorosis, zinc
 

horizons. Carbonatic deficiencies,
 

mineralogy class impedence of
 

water movement
 

7. 	 % CaSO 4 Gypsic and Petrogypisic Sufficient
 

horizon. Gypsis mineralogy sulfate to
 

class corrode
 

concrete
 

8. 	 Soluble salt Salic horizon Toxicity
 

content 
 problems
 

9. Phoshate 	 Definition of Andisols Presence of
 

retention 	 non-crystalline
 

materials
 
10. Extractable Fe 	 Definition of Spodic Extent of
 

and Al 	 horizons, oxidic mineralogy weathering,
 

class 	 quality of
 

natural
 

drainage,
 

phosphate
 

fixation
 
11, Weatherable Cambic horizon (presence) Potential
 

minerals Oxic 	horizon (absence) nutrient supply
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In general, these limits are set to indicate the presence or
 

absence of reasonable amounts of organic matter. This is important as
 
organic matter levels influence the structural stability, ion exchange
 

and nutrient cycling behavior of soils.
 

The other chemical criteria widely used in Soil Taxonomy are
 

related to the ion exchange properties of soils - cation exchange 

capacity, base saturation percentage, exchangeable acidity, sum of
 

nxchangeable bases plus elminium and levels of individual exchangeable
 

cations.
 

A number of methods are available for measuring the CEC of soils
 

but only 2 are used in Soil Taxonomy:
4
(a) Using ammon am acetate (NH4 Ac) at pH 7 and (b) using BaCl 2 

triethanolamine (BaC 2-TEA) at pH 8.2 (SCS-USDA, 1972). 
 Since the
 
value of the CEC obtained will depend on the method used (because of
 

variable charge nature of many soil materials) this strict adherence
 

to specified methods is important. Since soil surfaces generally get
 
umore negative as the pH increases (see figure on p. 4) the CEC (pH
 

8.2) is higher than the 
CEC (pH 7). Thus the base saturation 

calculated as 

Base Saturation (%) Bases X 100 

CEC 
(where total Bases = sum of exchangeable Ca + Mg f K + Na) will be 

greater using CEC (pH 7) than when using CEC (p1 8.2). 

Two other ion exchange parameters used in Soil Taxonomy are the 

KC1 extractable Al and the cation retention capacity (CRC). The
 

former Is obtained by shaking a soil sample with (KC) and determining
 

the extracted Al by titration (Yuan, 1959). CRC is determined using a
 
method similar to that for the NH4OAc 
- pH7 CEC except that unbuffered
 

ammonium chloride Is used instead of ammonium acetate in the first
 

leaching step. An alternative to the CRC 
is the sum of the bases
 

extracted by NH4OAc plus the KC1-aluminium. Low values CRC or (NH4OAc
 

bases + KCI-aluminium) indicate that the "effective CEC" is low, i.e.
 
the CEC at or 
near the field pH is low and the soil is dominated by
 

low activity clays. 
 The use of CRC or (NH4OAc-bases + KCl-aluminium)
 

avoids the measurement of the high variable (pH dependent) charge
 

found in some soils.
 

The Ion exchange analyses need to oe augmented in certain
 

situatiOns 
by physical data for use in Soil Taxonomy. Certain
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definitions involve specifications in terms of meq per 100 g clay
 

rather than per 100 g soil. This necessitates a knowledge of the
 

particle size distribution. The change from meq per 100 g soil to meq
 

per 100 100 clay is made by the following calculation.
 

meq/100 clay =meq/1OOg soil x 100
 

% clay
 

CEC values are used specifically in Soil Taxonomy in the definition
 

for the oxic horizon and oxic subgroups. One requirement for an oxic
 

horizon is that it "has an apparent CEC of the fine earth fraction of
 

16 meq or less per 100 g clay by NH4AOc unless there is an appreciable
 

content of aluininium-interlayered chlorite". The CEC requirement for
 

the oxic subgroups of Alfisols or Ultisols is that the CEC be less
 

than 24 meq per 100 g clay (NH4OAc) in the major part of the argillic
 

horizon. Low values of the CEC indicate highly weathered soils low in
 

weatherable minerals and a low nutrient storage capacity. CEC/clay
 

ratios can also give an indication of the clay mineralogy and the
 

consequent engineering properties of the soils. A further requirement
 

of the oxic horizon and the oxic subgroups is that the CRC or
 

effective CEC is low (410 meq per 100 clay for the oxic horizon, 4 12
 

meq per 100 g for the oxic subgroups). These low values again
 

indicate highly weathered soils.
 

Base saturation values give an indication of the degree of
 

leaching which has occurred in the soils and the levels of available
 

bases (nutrients); they are used widely in Soil Taxonomy. The base
 

saturation at specified depths is used to distinguish Alfisols from 

Ultisols; mollic and umbric epipedons are separated on the basis of 

the base saturation being greater or less than 50% as are dystric 

(<50% base saturation) and eutric (> 50% base saturation) great 

groups of the Inceptisols. Base saturation is also used in the 

definition of eutric great groups of the Oxisols. In some situation 

the limit is set as 50% at pH 7 or 35% at pH 8.2. This is related to
 

the change in CEC with the method of measurement as discussed earlier.
 

In general the base saturation value used should be that measured
 

using the pH closest to the soil pH.
 

The levels of individual exchangeable ions are not used exten

sively in Soil Taxonomy. Sodium and magnesium levels are used in the
 

definition of the natric horizon (Soil Survey Staff, 1975, p. 28) and
 

aluminium levels are used in the definition of Alludands in the
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proposed Andisol order (ICOMMAND, 1984). In these situations high
 
exchangeable sodium contents 
lead to low permeability and related
 
problems 
while the high aluminium levels in the Alludands are
 
indicative of likely toxicity problems.
 

The chemical requirements for defining of spodic 
horizons are
 
considered to be important criteria in many situations when providing
 
laboratory information in Soil Taxonomy. The 
morphology of some
 
spodic 
horizons is so marked (e.g. ortstein thicker than 2.5 vm,
 
cracked coatings and 
dark pellets in soils in sandy or coarse-loamy
 
particle size classes) that 
soils with those features have generally
 
been accepted as Spodosols. 
 If the soil lacks the above features, but
 
has a horizon which meets the color requirements of spodic horizon, a
 
series of laboratory tests are applied to 
test its placement in the
 

Spodosol order.
 

The chemical analyses used for testing spodic 
horizon criteria
 
were designed to indicate the presence of amorphous, organically-bound
 
iron and alumini-m. The spodic 
horizon is chrracterized by a
 
dominance of the3e 
materials. Sodium pyrophosphate (pH 10) is
 
relatively specific for extracting organically-complexed materials and
 
this is used to identify spodic horizons. Free iron and aluminium
 
levels (as determined by citrate -dithionite extraction) theoretically
 
include both the organically bound iron and aluminium and thj hydrous
 
iron and aluminium oxides 
 and so are compared to the sodium
 
phyrophosphate extractable 
levels when testing for spodic horizons.
 
The chemical criteria are applied in a stepwise manner to the 
Individual subhorizons to determine the presence or abscnce of a 

spodic horizon. 

Mineralogy is included specifically at the family level 
and
 
fifteen mineralogical classes are designated (Soil Survey Staff, 1975,
 
p. 387). These mineralogical classes 
are based on the approximate
 
mineralogical composition of selected size 
fractions of the same
 
segment of the soil (control section) that is used 
for application of
 
particle size 
classes. The word approximate is included in tie
 
preceding sentence as the 
accurate quantitative determination of
 
mineralogical composition is difficult. 
 It is unusual for any soil to
 
contain just one mineral component; mixed mineralogies tend to be the
 
rule. 
In order to avoid the over-use of the mixed mineralogy class,
 
Soil Taxonomy places strict boundaries on 
 this class. Useful
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interpretative clues for the prediction of soil properties can be
 

obtained from the mineralogy classes. Some of the mineralogy classes
 

important in the Pacific Islands are discussed below.
 

Carbonatic mineralogy (found on many low atolls and in coastal 

areas) is indicative of high pH, calcium domination of the exchange 

complex and problems of potassium and trace metal deficiencies. 

Ferritic and gibbsitic classes suggest possible ore sources of iron 

and aluminium. The soils tend to fix phosphorus in forms unavailable 

to plants. If not disturbed, the soils tend to be structurally stable 

and relatively permeable to water. Oxidic mineralogy indicates low 

fertility, but a structurally stable, permeable material in the 

undisturbed state. Serpentinitic or chloritic mineralogy indicates 

low fertility. Magnesium or chromium toxicity or other secondary 

nutrients problems induced by high magnesium may be of concern. 

Halloysitic mineralogy indicates a humid climate and a high soil 

moisture regime - a soil that seldom, if ever, dries. Such soil 

materials are likely to be unstable for construction. Kaolinitic 

mineralogy suggests highly weathered soil with a strong clay 

accumulation in the B horizon that may give permeability problems in 

septic tank fields. Fertility is probably low. Montmorillonitic 

mineralogy indicates susceptibility to shrink-swell as the soil wets 

and dries and the consequent adverse engineering properties. The 

shrink-swell problem is recognized in the Vertisols order and vertic 

subgroups of the classification system. Hopefully, the most serious 

problem soils are flagged in this manner. Montmorillonitic soils 

(especially if sodium saturated) hold more water than soils with other
 

silicate clays. As a result, montmorrillonitic soils are subject to
 

creep and landslide in sloping areas.
 

In some situations, mineralogical class designations are not
 

given as the mineralogy is implied by information included in the
 

taxa, e.g. Histosols tend to be dominated by organic matter. Since
 

mineralogy plays such an important part in determining the behavior of
 

soils, key features employed to differentiate soils at the highest 

levels reflect the mineralogy. This is well illustrated by the 

diagram below (after Uehara and Cillman, 1980). 
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MICROMORPHOLOGY
 

This is the study of soil morphology with optical aids such as
 

the light microscope. The identification of many micromorphological
 

features requires the use of thin sections and petrographic equipment.
 

Careful observations in the field are made with the aid of a hand
 

lens. Samples are collected and taken to the laboratory where thin
 

sections can be prepared (Brewer, 1964), and examined using the light
 

microscope.
 

Micromorphological features are often used as an aid in under

standing soil genesis but they are also incorporated into the aefini

tions for the argillic horizon (Soil Survey Staff, 1975, p 19-27) and
 

slikenside features are used in the identification of Vertisols and
 

vertic subgroups.
 

CONCLUSION
 

Laboratory derived critera are important in Soil Taxonomy. From
 

the discussion above, it can be seen that a considerable amount of
 

laboratory data is required for the classification of a soil at the
 

family level in Soil Taxonomy. However, once a soil has been
 

classified correctly, considerable information can be derived from the
 

family designation. This information, if interpreted properly, gives
 

a clear prediction of the soil properties and the likely response to
 

management.
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It is important to emphasize the close relationship of the
 

physical, chemical and mineralogical properties of the soil and 
that
 

many taxonomic differentiations involve a combination of data from
 

each 	Lype of study. However, the laboratory results will be of little
 

consequence in the absence of good field descriptions and sampling.
 

REFERENCES
 

Brewer, R. 1964. Fabric and Mineral Analysis of Soils. J. Wiley and
 
Sons, N.Y. 407 p.
 

Day, 	P.R. 1965. Particle fractionation and particle size analysis. 
 In
 
Methods of Soil Analysis, iart 1, Physical an" Mineralogical
 
Properties. 
Agronomy 9, American Society of Agronomy, Madison,
 
Wisconsin, p 565-567.
 

Gangalya, Philomean, Singh, U., Morrison, R.J. 1982. 
 The relationship
 
between clay content and 15-bar moisture retention for some
 
Fijian soils. N.Z.J. Sci., 25, 61-64.
 

Hendrix, W.P., Orr, C. 1970. 
 Automatic sedimentation size analysis
 
instrument. In M.J. Groves and J.L. Wyatt-Sargent (Ed. hvs):

Particle Size Analysis, 1970. Society for Analytical Chemistry,
 
London.
 

Hutton, J.T. 1955. A Method of Particle Size Analysis of Soils. CSIRO
 
Division of Soils Division Report 11/55. Commonwealth Scientific
 
and Industrial Research Organization, Adelaide.
 

ICOMMAND, 1984. ICOMMAND Circular Letter No. 6 (2 April 1984). 9p.
 

Morrison, R.J. 
1982. Chemical criteria: methods of measurement and
 
limits used in Soil Taxonomy. In R.J. Morrison and D.M. Leslie
 
(Editors): Proceedings of the South Pacific Forum on Soil
 
Taxonomy. Institute of Natural Resources, University of the
 
South Pacific, Suva, p 103-113.
 

SCS-USDA. 1972. 
 Soil Survey Laboratory Methods and Procedures for
 
Collecting Soil Samples. 
 U.S. 	Department of Agricuiture DSIR 1,
 
U.S. 	Government Printing Office, Washington, D.C. 63p.
 

Soil 	Survey Staff, 1975. Soil Taxonomy: A basic system of soil
 
classification For making and interpreting soil surveys.
 
U.S. Department of Agriculture Handbook 436, U.S. Government
 
Printing Office, Washington, D.C. 754p.
 

Thomas, R.F. 1982. Laboratory information - physics: An introduction
 
to its use in Soil Taxonomy. In R.J. Morrison and D.M. Leslie
 
(Editors): Proceedings of the South Pacific Forum on Soil
 
Taxonomy. Institute of Natural Resources, University of the
 
South Pacific, Suva, p. 75-81.
 

94
 



Uehara, G., Gillman, G. 1980. The Mineralogy, Chemistry and Physics of
 
Tropical Soils with Variable Charge Clays. Westview Press,
 
Boulder, Colorado 170p.
 

Yuan, T.L. 1959. Determination of exchangeable hydrogen in soils by
 
a titration methods. Soil Science, 88, 164-7.
 

95
 



DIAGNOSTIC SUBSURFACE HORIZONSa
 

b
 
H. Ikawa
 

When soils form from parent rocks and parent materials, certain 

changes occur in the physical, chemical as well as mineralogical and 

morphological properties. Soil Taxonomy uses these changes in the 

properties to classify soils. Soil descriptions are taken in the 

field to record morphological properties, and laboratory analyses
 

including some field tests are made to determine the physical,
 

chemical, and mineralogical properties.
 

These studies start in a systematic manner by carefully examining
 

the surface and subsurface soil horizons. According to Soil Taxonomy,
 

there are six diagnostic surface horizons which are call epipedons
 

(Gr. epi. over or upon and 2edon soil). These horizons are usually
 

darkened because of the presence of organic matter, show signs of
 

eluviatlon, or show hardly any or no rock structure. The mollic,
 

umbric, histic anthropic, plaggen and ochric horizons represent the
 

diagnostic surface horizons or epipedons. The mollic and umbric
 

horizons are common in many soils. The histic horizon is commonly
 

associated with Histosols, while the anthropic and plaggen horizons
 

are man-made horizons. Of the six, only the orhric horizon is light
 

colored or thin.
 

Usually associated with the epipedon are the various subsurface
 

horizons. They are the horizons generally considered to be the B
 

horizons, although they may be exposed at the soil surface because of
 

erosion or truncation. There are several kinds of diagnostic
 

subsurface horizons and, to name a few, some of them are argillic,
 

agric, natric, spodic, cambic, and oxic horizons.
 

In addition to these subsurface horizons are other diagnostic
 

soil characteristics which are represented by, for example, abrupt
 

a Prepared for presentation at the Ninth International Forum on Soil
 

Taxonomy and Agrotechnology Transfer, Mangilao, Guam, September
 

3-14, 1984.
 

b Associate Soil Scientist, IBSNAT Project, Department of Agronomy and
 

Soil Science, University of Hawaii, Honolulu, Hawaii 96822, U.S.A.
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textural change, amorphous materials and thixotropy, lithic and
 
paralithic contacts, gilgai and slickensides, n-value, and so on. The
 
list also includes the soil moisture regime as well as the soil
 

temperature regime.
 

In identifying the taxonomic class of 
a soil, or in other words,
 
in classifying soils by Soil Taxonomy, 
it is essential and also
 
necessary to know and to use the diagnostic horizons and the related
 
properties with the keys to the differpnt soil categories. These soil
 
horizons show some set properties that have been produced by
 
soil-forming processes and are important not only to classify soils,
 
but also to understand soil genesis and to make interpretations for
 

agricultural and non agricultural purposes.
 

This paper calls attention to only 
some of the common diagnostic
 

subsurface horizons that 
are used in classifying soil. For detailed
 
information, chapter 3 or 
Soil Taxonomy must be consulted.
 

Argillic horizon
 

The key properties of the argillic horizon 
are the evidence of
 

translocated clay and thickness.
 

Through the soil forming 
process such as translocation or
 
illuviation, silicate clays are moved from the upper part (eluvial) to
 
the lower part (illuvial) part of the soil profile. When these clay
 

minerals accumulate in the subsoil, the subsurface horizon is called
 
the argillic horizon. Because the mineralogy of the clays of the
 
eluvial and illuvial horizons are similiar, it is thought that the
 
clay movement or illuviation is associated with water movement. 
 The
 
argillic horizon rarely occurs in soils 
of the arid and prehumid
 
regions, but commonly occurs 
in soils where there was enough moisture
 
to move the clay minerals and with some drying to allow the clay to be
 
deposited as films (cutans) 
on ped faces and void walls. Materials
 

such as carbonates are also thought to be effective in stopping the
 

moving clay.
 

The evidence 
of clay movement is 6,,erally recognized in the
 
field with a hand lens by observing the presence of clay films
 
(cutans) on ped faces. 
 These clay films are further verified in thin
 
sections with the aid of 
a microscope in the laboratory.
 

TI e-idence of clay movement is also recognized by means of
 

particle size analysis of the fine earth 
fraction. The argillic
 
horizon must have 
a least 1.2 times as much total clay as the
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overlying horizons. If the clay 
content of the surface horizon,
 

however, has less than 15 percent total clay, the argillic horizon
 

must have at least 3 percent more clay. On the other hand, if the
 

clay content of the surface horizon has more than 40 percent total
 

clay, the argillic horizon must have at least 8 percent more clay. If
 

the total clay content is more than 60 percent, the argillic horizon
 

must have 8 percent more fine clay.
 

Furthermore, the argillic horizons should be at least 1/10 
as
 

thick as the sum of the thickness of all overlying horizon or usually
 

at least 15 cm thick.
 

The argillic horizon is discussed on pages 19-27 in Soil
 

Taxonomy.
 

Argic horizon
 

The argic horizon is also an illuvial horizon, it has a
 

significant accumulation of silt, clay, and humus immediately below
 

the plow layer due to long-term cultivation and this accumulation is 
most apparent as coatings in worm and root channels and on ped 

surfaces. The accumulation occurs as a mixture and the coatings or 

lamellae have a lower color value and chroma than the soil matrix. 

Natric horizon 

The natric horizon is a special kind of argillic horizon with a 

distinct structure and a high Na absorption ratio. It has either a 

prismatic or columnar structure and has a Na absorption ratio of 13 or 

greater (or 15 percent or more saturation with exchangeable Na). This 

horizon may also have more exchangeable (Mg + Na) than (Ca + 

exchangeable acidity) at pH 8.2 within prescribed soil depth. 

Spodic horizon
 

The spodic horizon underlies on 0, Al, Ap oi A2 horizon. It also
 

usually underlies an E horizon and has an abrupt textural change. The
 
key properties are the coarser-textured particle size class and a
 

horizon thickness that is more than 2.5 cm thick that is continuously
 

cemented by some combination of or-anic matter with Fe or Al or with
 

both. This organic matter complex is amorphous according to chemical
 

tests.
 

Cambic horizon
 

The key properties of the cambic horizon are Its color,
 

structure, and removal of carbonates.
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The cambic horizon 
is an altered horizon due to physical or
 
chemical causes. Physical alterations is associated (1) with movement
 
of soil particles by frost, 
roots or animals, destroying most of the
 
original rock structure, and/or (2) with aggregation of soil particles
 
into peds. Chemical alteration, on 
the other haud, is the result of
 
processes such as hydrolysis, solution, and reduction.
 

The cambic horizon has 
a very fine sand or loamy very fine sand
 
or finer texture in the fine-earch fraction, but the
it has neither 

dark color nor the properties required for the 
histic, mollic, or
 
umbric epipedon. This horizon also does 
not have properties meeting
 
the requirements of the argillic or spodic horizon.
 

In addition to texture, those 
properties such as structure,
 
color, presence of weatherible minerals, 
absence or removal 
of
 
carbonates, and thickness are used in identifying the cambic horizon.
 

The cambic horizon is described on pages 33-36 in Soil Taxonomy.
 

Oxic horizon
 

The key properties of the oxic horizon 
are (1) the low cation
 
exchange capacity, (2) the presence of more than 
15 percent clay
 
content, and (3) thickness.
 

In old soils where the soil 
forming process has transformed the
 
primary minerals to secondary minerals such as kaolinite and the
 
oxides of Fe and/or Al, 
the subsurface horizon 
is called the oxic
 
horizon. 
 To be an oxic horizon, there 
can be neither an argillic or
 
natric horizon nor more than a trace of weatherable minerals or a rock
 
structure. 
 Because of the presence of :aolinite and oxide clays, the
 
cation exchange capacity of the fine earth fraction should be 16 meq
 
or 
less per 100 g clay by the ammonium acetate (pH 7) method or 10 meq
 
or less NH4 ions per 
100 g clay from an unbuffered IN ammonium
 
chloride solution. 
 The oxic horizon, furthermore, should be at 
least
 

cm thick and contain more than 15 percent clay.
 
The oxic horizon is covered on pages 36-41 in Soil Taxonomy.
 
In summary, there are 
17 of these diagnostic subsurface horizons.
 

In addition, there are 
 23 or so of the other diagnostic soil
 
characteristics. In classifying soils, it is necessary that the 
Soil
 
Taxonomy be consulted in identifying these 
horizons or characteris
tics. 
 For example, in classifying the Yigo soil at the order category
 
(using Chapter 4 of Soil Taxonomy), we find that 
we (1) neither have
 
organic soil materials 
 to meet the requirements of
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Histosol (2) nor have a spodic horizon to classify the spodosols. We
 

do have, however, an oxic horizon without the plaggen epipedon or an
 

argillic or natric horizon above the oxic horizon. According to the
 

key to the soil orders, therefore, we can classify the Yigo soil as
 

being an Oxisol.
 

Using the field and laboratory data, we further find that the
 

Ylgo has neither a histic, anthropic, plaggen, mollic, nor umbric
 

epipedon. In this case, the Munsell color chroma and the depth
 

requirements direct us to have an ochric epipedon. The Yigo soil,
 

therefore, is an Oxisol with an ochric epipedon and an oxic subsurface
 

horizon.
 

In classifying the Ataze soil, on the other hand, we have an
 

argillic horizon. Using the key to the soil orders, we find this time
 

the Atate soil as being classified as an Alfisol. Using additional
 

data, we further determine that the Atate soil has an ochric epipedon
 

in addition to the argillic horizons.
 

This paper thus stresses the point that there are six diagnostic
 

surface horizons or epipedons and a number of subsurface soil horizons
 

and characteristics. Field and laboratory data must be used to
 

identify these diagnostic features and these features must in turn be
 

used in classifying soils in order category. The Yigo and Atate soils
 

are cited as examples of soils being classified as Oxisols and
 

Alfisols, respectively.
 

100
 



THE TAXONOMY OF ALFISOLS AND ULTISOLS
 

R.J. MORRISON
 

Institute of Natural Resources
 

University of the South Pacific
 

P.O. Box 1168, Suva, Fiji
 

Alfisols and Ultisols represent a very important soil 
resource.
 

Alfisols cover about 
13 percent of the earth's land surface and a
 

considerable proportion of 
the world's major Intensive agriculture
 

occurs on soils belonging to this order. Ultisols cover about 5.6
 

percent of the earth's total land 
area and about 11.6 percent of the
 

intertropical areas. 
 Soils in both orders show considerable potential
 

for agricultural production particularly as they frequently occur in
 

areas that are climatically favorable.
 

Alfisols and Ultisols share a common property in that the major
 

diagnostic feature for both Is the presence of an argillic horizon.
 

It should however, be noted that soils in other orders may have 
an
 

argillic horizon. Oxisols may have an argillic horizon provided it is
 

overlain by an oxic horizon 
while in the Aridisols the argillic
 

horizon is considered secondary in importance to the aridic moisture
 

regime. In the Mollisols an argillic horizon may be present but must
 

have base saturation of 50 percent or more (by ammonium acetate pH7)
 

to prescribed depths.
 

The argillic subsurface horizon concept is one of the major
 

innovations in soil science introduced with "Soil Taxonomy". It has
 

also been the subject of considerable discussion and debate, much of
 

which has concentrated on the evidence for 
clay translocation and
 

accumulation in soil (Arnold, 1979: Isbell, 1980; McKeague et al.,
 

1981; Eswaran, 1982). The fundamental criterion is "that an argillic
 

horizon is one that contains illuvial layer-lattice clays" (Soil
 

Survey Staff, 
1975, p. 26). Evidence for clay translocation can be
 

obtained from increases in total and fine clay contents from the
 

elluvial (surface) horizon to the illuvial horizon, oriented clay
 

bridging sand grains and the presence of clay skins (or cutans). Some
 

of the identification problems, particularly in 
the field, have arisen
 

as a consequence of the requirement for soil scientists to determine
 

which of the suggested criteria should be used 
 in particular
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circumstances. A simple increase 
in clay content in subsurface
 

horizons is not sufficient in circumstances where erosion, truncation
 

(and other slope related factors) or stratification and lithological
 

discontinuities occur. Similarly, argillic horizons (based on the
 

presence of cutans) may be identified in pedons where there is no
 

increase in clay content in the subsurface horizons.
 

For 	clay illuvation to occur, soil conditions must be conducive
 

to 	clay dispersion in the elluvial horizon, translocatlon of the
 

dispersed clay, and deposition of the translocated clay in a
 

subsurface horizon. For these processes to operate, special soil
 

conditions are necessary (Eswaran and Sys, 1979; 
Rust, 1983; Miller,
 

1983). For an argillic horizon to form there must be some season when
 

evaportanspiratLon exceeds rainfall. A significant portion of the
 

solum must be dry in order for the clay size materials carried in
 

suspension (from the upper solum) to be precipitated on ped surfaces,
 

in pores and root channels. Also, the subsurface ped surfaces must
 

be stable in order to allow illuvial material deposition.
 

The presence of an argillic horizon infers certain ancillary soil
 

properties. The 
 surface horizon will have a lighter texture,
 

favorable for cultivation and root proliferation, while the subsurface
 

horizon will have a heavier texture, with the capacity to retain
 

moisture and nutrients. These points are significant for the use and
 

management of the soils again illustrating that "Soil Taxonomoy" is a
 

utilitarian classification. Typically soils in both orders have an
 

ochric epipedon.
 

The 	Alfisols and Ultisols, both having an argillic horizon, 
are
 

differentiated by several criteria, the most important being the base
 

saturation percentage (by sum of cations) at certain critical depths.
 

The selection of the sum of cations method was originally made because
 

many laboratories in the southern states of the USA had 
base
 

saturation data only by this method.
 

Before considerin tld nature of the differences in base
 

saturation levels, some discussion of the depth criteria is necessary.
 

Alfisols must have a base saturation of 35% or more (by sum of
 

cations) above the following critical depths:
 

1. 	If there is no fragipan and the argillic horizon in some part
 

has a hue of 5 YR or yellower or tias a color valuu, moist, of
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4 or 	more or a color value, dry more than 1 unit higher
 

than 	the value, moist, the shallowest of
 

(a) 	1.25 m below the upper boundary of the argillic horixon,
 

(b) 	1.8 m below the soil surface, or
 

(c) 	immediately above a lithic or paralithic contact:
 
2. 	If there is no fragipan and the argillic horizon in all parts
 

has 	a hue redder than 5 YR, has a color value moist, of 3 or
 
less, and has very dry color value no more than one unit
 
higher than the value, moist, or If there is no fragipan and
 

the epipedon has a sandy or sandy-skeletal particle-size
 

distribution throughout and is 
 50 cm thick, the deepest
 

of:
 

(a) 	1.25 cm below the upper boundary of the argillic
 

horizon,
 

(b) 	1.8 m below the soil surface, or
 

(c) immediately above a lithic or paralithic contact.
 
The question has arisen as 
to why the limit between the Alfisols
 

and Ultisols is the base saturation at specified but variable depths.
 
The Ulstisols, in 
the absence of soil amendments, can be farmed only
 

under shifting cultivation, but the Alfisols 
can support a permanent
 
agriculture. The Ultisols have few bases other than those cycled by
 
plants and the base saturation, therefore, normally decreases with
 
depth in 
and 	below the argillic horizon. In contrast, most Alfisols
 
either have moderate or high base saturation and the base saturation
 

increases with depth if there is any change.
 

During the development of "Soil Taxonomy", it was found 
that
 
using the base saturation in the argillic horizon was 
insufficient to
 
diptinguish the soils, and some "Ultisols" had relatively high base
 
saturation values because 
of 
regular liming. in order to avoid the
 
establishment 
 of new series because of differences induced by
 
differznt management 
practices, the depth of assessment of base
 

saturation was set at 1.8 m (in uneroded soils) or 1.25 m below the
 
top of the argillic horizon (for eroded soils). 
 At these depths base
 
saturation values should not be influenced by surface liming. The
 
change from using the shallowest of the 3 critical depths fcr soils
 
with clayey or loamy particle size classes 
to using the deepest for
 
soils with sandy particle size classes is because 
of the greater
 
downward penetration of liming materials in the coarser textured
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soils.
 

The determination of the top of the argillic horizon may be
 

relatively simple for some pedons, but for others, particularly those
 

with gradual clay increases this may involve some careful arithmetic.
 

It is not sufficient to assume that the top of the argillic horizon
 

corresponds to the top of the B horizon; it is the point at which the
 

clay increase is sufficient to meet the appropriate argillic horizon
 

criterion. This provides a further problem for the soil surveyor. In
 

the field he is already faced with the difficulties of identifying the
 

argillic horizon, a critical factor for mapping in tl nce of
 

laboratory data. Since laboratory data are often only c d for a
 

limited number of profiles considerable responsibility Iests on the
 

field surveyor. To determine the position of the top of the argillic
 

horizon in order to select the depth at which a sample should be taken
 

for base saturation analysis (to differentiate Alfisols from Ultisols)
 

causes further difficulty. While some indication of base saturation
 

levels may be obtained from vegetation, rainfall, parent material and
 

field pH measurements, the quantitative determination requires
 

laboratory data.
 

The base saturation limit of 35% by sum of cations that separates
 

the Alfisols and Ultisols requires further comment. The method used
 

has to be specified because most of the Alfisols and Ultisols have an
 

important variable (pH dependent) charge component. This is reflected
 

in the values obtained for the CEC using different methods and since
 

BS % = Bases x 100 

CEC
 

BS % depends on the CEC value used.
 

CEC is dependent on the soil mineralogy and the method of
 

measurement. For some soil materials, e.g., oxide minerals, organic
 

matter, short range order minerals like allophane and Imogolite, the
 

surface charge is determined by the pH and nature of the soil
 

solution. Thus for soils containing significant amounts of the
 

variable charge materials the surface charge and hence, the CEC
 

depends on the pH and soil solution conditions (Uehara and Gillman,
 

1980). In general, as the pH increases, the surfaces become more
 

negative and the measured CEC increases. Thus, data must include
 

information on the conditions of measurement. The sum of cations
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method involves determining the sum of the exchangeable bases (Ca, Mg,
 
K, Na) displaced by ammonium acetate (NH4OAc) 
and the exchangeable
 

acidity determined using barium chloride/triethanolamine (BaCI2/TEA)
 
at p11 8.2. The sum of cations method therefore gives a measure of the
 
CEC at pH 8.2, which will be greater than the CEC measured using
 

NH4OAc at pH7.
 

:. CEC (sum of cations, pH 8.2)> CEC (NH4OAc, pH7)
 

:. BS% (sum of cations, pH 8.2)<BS% (NH4OAc, pH7)
 

It has been stated that BS of 35% by sum of cations approximates
 

to a value of 50% by NH4OAc; although this may be used as a guide
 
(particularly for the Alfisols which generally have a smaller variable
 

charge component) its general validity is debatable.
 

Suborders of the Alfisols and Ultisols
 

There are similarities in the structure of the suborders as 
shown
 

in Table I.
 

TABLE 1. Suborders of Alfisols and Ultisols
 

Alfisols 
 Ultisols
 

Aqualts Aquults
 

Boralfs
 

Ustalfs 
 Humuults
 

Xeralfs 
 Udults
 

Udalfs 
 Ustults
 

Xerults
 

The wet soils key out first as the 'Aqu' suborder in both cases.
 
The remaining suborders of the Alfisols 
are based on soil temperature
 

and moisture regimes.
 

In the Ultisols a different approach is taken. By definition,
 

the Ultisols have a mesic, isomesic 
or warmer temperature regime, so
 

those soils where temperature may be a constraint occur at high levels
 

of organic matter and this parameter is used to define the Humults.
 
The remaining three suborders are based on soil moisture
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regimes. Notice that there Is no Ultisol equival~n= of the Boralfs,
 

The Great Groups
 

The suborders are separated into great groups using the presence
 

of specific horizons or properties. For the Alfisols the
 

differentiating characteristics In the great group category 
are as
 

follows:
 

Aqualfs - presence of plinthite, natric horizon, duripan, iso

temperature regime, fragipan, albic horizon tonguing,
 

abrupt textural change, umbric epipedon.
 

Boralfs - particle size distribution and albic tonguing,
 

fragipan, natric horizon, cryic temperature regime,
 

base saturation and moisture status
 

Ustalfs - duripan, plinthite, natric horizon, particle size
 

distribution, color
 

Xeralfs - duripan, natric horizon, fragipan, plinthite, color,
 

particle size distribution
 

Udalfs - agric horizon, natric horizon, nodules, albic horizon
 

and tonguing, fragipan, particle size distribution,
 

color, iso-temperature regime.
 

These characteristics are indicative of layers limiting 
root
 

penetration or water movement and the climate as 
this is important for
 

plant growth.
 

In the Ultisols the great groups are separated on the basis of
 

the following characteristics:
 

Aqults - plinthite, fragipan, particle size distributior,
 

iso-temperature regimes, ochric epipedon
 

Humults - sombric horizon, particle size distribution, plinthite
 

iso-temperature regimes
 

Udults - fragipan, plinthite, particles size distribution,
 

color, iso-temperature regimes
 

Usults - plinthite, particle size distribution, color
 

Xerults - particle size distribution.
 

The significantly greater number of great groups for the Alfisol
 

reflects the much greater extent of study of these 
soils (they are
 

among the most widely studied soils). Further great groups of the
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Ultisols will probably be 
developed as more information on tropical
 

Ultisols becomes available.
 

One major proposal 
that is likely to be accepted Is the
 
introduction of "Kandi" 
and "Kanhapl" great groups into most of the
 
present suborders of the Alfisols and 
 Ultisols. This proposal Is to
 
overcome problems encountered in soils dominated by low activity clays
 
(LAC) where the recognition of a clear argillic horizon may be
 
difficult. 
 An additional diagnostic criterion, based solely 
on clay
 
increase with depth in the pedon and not on the presence of clay skins
 
or of 
clay bridges between sand grains is proposed. LAC pedons with
 
such a "Finer Textured Subsurface Horizon" 
(FTSH) and without clear
 
argillic horizon 
are transitional 
to Oxisols or Inceptisols, but are
 
grouped with the "Kandi" and "KAnhapl" taxa of Alfisols and Ultisols.
 
LAC taxa of Alfisols should have a CEC (NH4OAC) per 100 g clay of 24
 
meq or less in a specified part of the argillic horizon or the FTSH.
 
For LAC taxa of Ultisols, this diagnostic value is 16 meq 
or less.
 
Alternatively, the effective CEC values per 
100 g clay should be 16
 
meq or less or 12 meq or less for 
LAC Alfisols or Ultisols,
 

respectively.
 

In the proposed revised great soil 
group keys, the "Kandi" and
 
Kanhapl" taxa will key out before the existing "Trop", "Pale", "Rhod",
 
"Hapl", "Ochr", and "Umbr" great groups. In the higher ranking 
existing great groups, LAC pedons will be recognized at the subgroup
 
level (kandic subgroup). The most 
commonly occurring subgroups will
 
also be found in the existing taxa 
of LAC Alfisols and Ultisols, but
 
some new introductions will be proposed for pedons with a very low
 
effective CEC 
values or those with strong iron segregation in the
 
subsurface horizons, 
but lacking the characteristics of an aquic
 
subgroup. 
 Also, subgroups may have to be introduced to differentiate
 
between LAC pedons according to their content of weatherable minerals.
 

Subgroups
 

There are too many subgroups 
to permit a useful discussion of
 
each. 
 Subgroup names, with the exception of the typic, indicate that
 
they are intergrades or extragrades. 
 The soil may Intergrade to
 
another great group 
in the same suborder, in a different suborder or
 
in other orders. The extragrades suggest that the soils have aberrant
 
properties that are not characteristic of a class in a higher category
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of any order, suborder or great group. In some instances, multiple
 

subgroups are provided to show that the soil intergrades between two
 

given great groups.
 

Conclusion
 

The Alfisols and Ultisols have a vast potential for agricultural
 

production. The latter, however, need particularly careful management
 

to avoid rapid degradation and interruption of the nutrient cycling
 

processes that are essential for the maintenance of fertility. Soils
 

of both orders will show marked decreases in production if accelerated
 

erosion of the epipedon is allowed to occur. However, with good
 

management and the input of nutrients to the Ultisols these soils will
 

provide a major part of the worlds food and fiber requirements.
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11 PREDICTING RAINFALL EROSION LOSSES-A GUIDE TO CONSERVATION PLANNING 
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graph.
 

The mechanical analysis, organic matter, and 
structure data are
 
those for the topsoil. For evaluation of K for desurfaced subsoil
 
horizons, they pertain to the upper 6 in of the new soil profile. 
 The
 
permeability class is the profile permeability. Coarse fragments are
 
excluded when determining percentages of sand, silt, and clay.
 

Confidence Limits
 

In tests against measured K values ranging from 0.03 to 0.69, 65
 
percent of the nomograph solutions differed from the measured K values
 
by less than 0.02, and 95 percent of them by less than 0.04. Limited
 
data available in 1971 for mechanically exposed B and C subsoil
 
horizons indicated about comparable accuracy for these conditions.
 
However, more recent data taken on desurfaced high clay subsoils
 

showed the nomograph solution 
to lack the desired sensitivity to
 
differences in erodibilities of these 
soil horizons. For such soils
 
the content of free iron and 
 aluminum oxides ranks next 
 to
 

particle-size distribution as 
an indicator of erodibility. Some high
 
clay soils form what has been called irreversible aggregates on 
the
 
surface when tilled. 
These behave like larger primary particles.
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SOIL CONSERVATION, PRINCIPLES AND PRACTICES
 

Joan B. Perry, Resource Conservationist
 

USDA Soil Conservation Service, Guam
 

PRINCIPLES
 

Soil 	conservation has been around for a long time, and much of
 

what 	I have to say to you will be familiar. The idea of soil steward

ship 	or care of the land was written into religious precepts and feud
 

agreements in the days of our forefathers. In our efforts to build
 

productivity, we in agricultural fields recognize the need to re

-emphasize these concepts, especially when we are trying to learn more
 

about soil and how it functions In the plant-soil-water relationships.
 

Soil conservation is the use of a resource management system
 

applied 
on the land to build up and maintain soils for efficient,
 

abundant production on a sustained basis. Another way of putting it
 

Is "use each acre according to its capability, and protect each acre
 

according to its needs." Both definitions assume a careful and
 

planned approach to conservation. A system implies parts suited 
to
 

the situation, and the reference to capability and needs involves a
 

predetermination of site and investigation of conditions and 
resources
 

at that place.
 

There are two important principles here:
 

1. 	 Conservation Is site specific.
 

2. 	 Conservation is planned as a management system which
 

considers environmental relationships.
 

The planner must have a thorough knowledge of the resources of
 

the site, Soils information is number one. Hopefully the area has
 

been mapped and the mapping Is sufficiently detailed to provide some
 

guidance. Beyond that, the conservationist must walk the land and
 

evaluate conditions such as the erodibility of the soil, texture,
 

impermeable horizons, drainage class and fertility. A good soil
 

description can yield much of this information which 
can be discussed
 

with the farmer as you look at the soil.
 

The second major resource to be evaluated is water. Water
 

availability, irrigation systems in use or needed, provision for
 

handling run-off and subsurface drainage must all be considered at the
 

site. With run-off problems, size of the a watershed and change in
 

elevation must be considered.
 

Plants that will be grown--trees, row crops, root crops or
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field crops-must be considered and their il/eds evaluated as a part of
 
the system. 
If animals make use of the land, the carrying capacity of
 

the land and forage must be evaluated for that purpose.
 
Increments of a conservation system are prioritized to insure
 

that the full functioning outcome is successful. This is the area of
 
technical assistance that can be provided by government agencies, but
 

it must be done in association with the land user.
 

Principle number three presents itself:
 

3. Public programs don't save soil and water -- farmers,
 

ranchers and foresters do.
 

Technical expertise doesn't 
do much good if it Isn't applied.
 

The conservationist is effective to 
the extent that he or she works in
 
partnership with 
the person who is working the land. Land treatment
 
decisions must be the farmer's decisions since that person will be the
 

one to commit time and resources for that purpose.
 
The farmer must recognize the resource problem and want to
 

correct it. 
Though most farmers and ranchers have an understanding of
 
their 
soils based upon their experience, interrelationships between
 
soil characteristics and drainage problems or erosion 
may not be
 

clear. 
 Here is an opening for education by the conservationist.
 

4. Conservation is an educational process.
 

Conservation and resource management principles 
should become a
 
part of scientific curriculum at all levels, 
from elementary school to
 

the agricultural programs 
at the University as well as an information
 

system for adult education. Without education in this area, 
it will
 

be hard to explain interrelationships in the natural system.
 
Returning to the 
farmer, it should be well understood that no
 

practical man is going to invest his time and money to build terraces,
 
plant legumes or construct drainage basins or 
drop structures if there
 

is no return in productivity or available water; or 
no reduction of
 
damages caused by sediment deposition somewhere on his farm.
 

Preventive measures 
are not easy to sell. In almost all cases,
 

some evidence of a real problem must exist before farmers are willing
 
to work to protect that resource. Examples can sell others on an
 
idea, however. A respected farmer can install a practice with success

ful results, and others in the community may follow his example.
 

5. Conservation must be practical.
 
An effective conservationist will work with farmers to get a
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simple practice installed quickly that can resolve some problem before
 

attempting more difficult measures.
 

An inlet structure to a drainage culvert may be formed from
 

concrete or may be a pit filled with gravel. If the simple solution
 

fits, it should be used. Reduced cost is very Important and each
 

farmer has different resources to solve his problem. The solution
 

must 	be tailored to meet his needs.
 

6. 	 The conservation measure must be technically sound.
 

Conservation measures are engineered for needed length of use.
 

The life of the practice and its effectiveness are based upon good
 

design, layout and proper construction. Relative elevations are
 

determined with instruments, potential flow of water calculated to
 

determine size of ditches, and adaptability of plants determined
 

before planting as ground cover. (Here's another place where soil
 

information will help.)
 

7. 	 Costs of conservation are community costs and must be met by
 

the community as a whole.
 

Work on the ground is accomplished by farmers, ranchers and
 

foresters; but the costs of this work will be borne by non-farmers as
 

well. This will happen through food prices or with incentive programs
 

developed by the government or with a combination of the two.
 

The cost of conservation is moderate when compared to the cost of
 

reclamation of lands that are no longer productive because of 
severe
 

erosion. The very limited resources available to farmers in developing
 

countries suggests that emphasis be placed first In protecting good
 

farmland since it is extremely expensive to reclaim severely eroded
 

areas.
 

PRACTICES - SOIL EROSION CONTROL IN THE TROPICS
 

While we are lacking the research needed to give full validity to
 

erosion measurement in tropical areas, we do know that the factors
 

identified in the Universal Soil Loss Equation are important here as
 

well.
 

Rainfall intensity and duration and the erodibility of the soil
 

are basic factors. When rainfall data are unavailable, they must be
 

collected. To complete calculations, half hour measurements must be
 

made on a long term basis. Soil erodibility can be inferred from soil
 

characteristics such as texture, structure and organic matter content.
 

Percent slope and length of slope form a factor in predicting soil loss
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as 
do the cropping pattern and farming practices in the field.
 
The results of soil erosion are 
felt 
in yield decline associated
 

with loss of 
organic material and 
soil nutrients in 
the topsoil.
 
Another important contributing factor 
to reduced productivity may be
 
limitation to root development from higher bulk density of the subsoil
 
or from 
higher acidity. Shallower soils store 
less moisture for
 
crops, as well.
 

Some 
soil erosion control practices will be effective where you
 
are working and 
some will not. The principles we talked about earlier
 

apply.
 

Terrace systems 
that require heavy equipment and 
a large invest
ment to 
build may be practical 
for the large Hawaiian pineapple
 
companies, 
but may not be satisfactory where farmers 
with limited
 
agricultural land 
do not care to maintain them or 
even do not regard
 
them as 
their own planned improvement.
 

Hillside ditches 
cost less to build, 
can be easily rebuilt and
 
have control of run-off. Diversions are located at the top of a field
 
and carry water to a safe 
outlet before erosion occurs. Contour
 
planting of orchard crops on sloping lands may 
lead to natural
 
benching as 
well as providing some 
control of run-off.
 

In all cases 
the outlet for run-off must be 
a priority considera
tion. Hillside ditches direct water to 
a safe outlet. The same thing
 
happens with cross-slope 
and contour planting. Any outlet 
with
 
moderate to steep slopes must 
be protected by vegetation, rocking or a
 
combination of both. In 
some cases, subsurface drains with inlet
 
structures are needed. In all cases 
maintenance is basic
a part of
 
the practice and must be acceptable to the farmer.
 

Even soils with slight slopes erode with heavy run-off conditions.
 
Rows that run up and 
down hill may be easier 
to plow, but cross-slope
 
farming can be practical 
and can insure proper drainage without
 

erosion.
 

Agronomic practices such 
as land clearing that protect the soil
 
cost less. Using a brush blade 
for clearing instead of scraping 'op
 
soil with a bulldozer can make a big difference in the overall producti
vity 
of a site. The practice of mixed or 
relay cropping decreases
 
loss of 
cover during planting 
and harvesting. Intercroppping with
 
fast growing ground cover is 
a good practice. Incorporation of crop
 
residue, and timing of planting 
 and harvesting operations 
can reduce
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erosion and improve productively. The practice of shifting cultivation
 

or moving from field to field, allowing the unused area to rest
 

between cropping periods, is a time proven method of maintenance.
 

When agricultural land becomes more limited in availability and
 

greater demands are placed on land by continuous cropping, more care
 

must be given to incorporation of organic matter and fertilization.
 

Wind breaks prevent erosion and plant damages and reduce surface
 

evaporation of water.
 

In all cases, you who know something of the soil will need to
 

identify the better agricultural lands of your islands, and will need
 

to work to convince people of the importance of keeping those lands
 

available for farming.
 

Conservation practices also include those measures that deal with 

water development and management for irrigation, different kinds of 

irrigation distribution systems and careful application. Soil infor

mation is needed to determine application rates that will meet the
 

needs of the crops without causing erosion.
 

Drainage practices, woodland and wildlife management may be a
 

part of the conservation systems depending upon the site and the needs
 

cf the land user.
 

Conservation and productivity are not always synonymous. In the
 

short term, conservation may reduce productivity by taking highly
 

erodable lands out of production. In the long term, however, one is a
 

function of the other. It is our job to convince those we work with
 

that the conservation savings account will provide long term interest
 

and valued returns.
 

1. American Society of Agronomy, Soil Erosion and Conservation
 
in the Tropics. ASA Special Publication No. 43. Madison
 
Wisconsin. 1982.
 

2. 	 Sampson, R. Neil. 1981. Farmland or Wasteland. Rodale Press.
 
Emmaus, Pennsylvania.
 

3. Soil 	Conservation Service, Engineering Field Manual.
 

4. Soil 	Conservation Service, National Conservation Planning Manual.
 

5. Soil 	Conservation Service, Field Office Technical Guide.
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LAND EVALUATION FOR LAND-USE PLANNING:
 

PRINCIPLES AND CONCEPTS a
 

H. Ikawaa
 

Introducticet
 

As more demands are made on the use of the land for specified
 

purposes, land-use planning becomes, more than 
ever, and important
 

function. One of the processes in determining the suitability of land
 

in land-use planning is land evaluation. The purpose of this paper is
 

to describe the principles and concepts of land evaluation in relation
 

to land-use planning.
 

Land 	evaluation, according to FAO (1976), is defined as, " the
 

process of assessment of land performance when used for specified
 

purposes, involving the execution and interpretation of surveys and
 

studies of land forms, soils, vegetation, climate, and other aspects
 

of land in order to identify and make a comparison of promising kinds
 

of land use 
in terms applicable to the objectives of the evaluation."
 

Furthermore, some of the goals in land evaluation are 
to study or
 

to determine: (1) how the land is 
 used currently and how its
 

management can be improved; 
(2) what the alternative uses of the land
 

are and which uses are economically and socially relevant with 
sus

tained production or benefits; and (3) what recurrent 
and non-recurrent
 

inputs are necessary in the land 
use and what outputs or benefits are
 

its results.
 

Principles
 

Certain principles are recognized in land evaluation. As listed
 

by FAO (1976), these principles are:
 

1. 	 Land suitability is assessed and classified with respect to
 

specified kinds of uses.
 

This principle recognizes that a given land use has specified
 

requirements and that land suitability is related to the characteristics
 

or qualities of the land. An alluvial floodplain with impeded drainage
 

a Prepared for presentation at the Fourth International Forum on Soil
 

Taxonomy and Agrotechnology Transfer, Bangkok, Thailand, Feb. 
1983.
 

b Associate Soil Scientist, IBSNAT Project, Department of Agronomy and
 

Toil Science, University of Hawaii, Honolulu, Hawaii 96822, U.S.A.
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is cited aq possibly being highly sultable 
for 	rice cultivation but
 

not 	so 
for many other kinds of agriculture. In the Netherlands, the
 

peat 	areas are suited for pasture but not for orchards, and in lands
 

devoted to orchards, In certain areas with high water-table, pears may
 

be more suited than 
apples because the former appears to be more
 

tolerant of the wetter soil environment.
 

2. 	 Evaluation requires a comparison of the benefits obtained
 

and the Inputs needed on different types of land.
 

Suitability for a specified 
use requires the comparison of the
 

required inputs with the outputs in 
terms of yield or benefits. For
 

example, in comparing the different types of the 
land, the highest
 

yield may not denote necessarily the best suitability because 
net
 

labor productivity also must be considered.
 

3. A multidisciplinary approach is required.
 

Land evaJuation includes 
some form of socioeconomic considera

tions. 
 For example, depending on the nature and extent of participa..
 

tion, a land-use feasibility team should include not only 
the 	soil
 

scientist, agronomist, or others 
In the physical and biological
 

sciences, but also the economist and the sociologist.
 

4. 	 Evaluation is made in terms relevant 
to the physical,
 

economic and social context of the 
area concerned.
 

In addition to the physical environment such as climate, factors
 

such as the availability of capital, availability and cost of 
labor,
 

standard of living, and nearness to market must be considered. Again,
 

the "Framework" 
(FAO, 1976) cites as an example how non-mechanized
 

rice cultivation requiring large amounts of low-cost 
labor can be
 

unrealistic in a country with high labor 
costs.
 

5. Suitability refers to use on a sustained basis.
 

This principle is associated with land use and its impact 
on
 

environment. Immediate benefits of 
land use should be weighed care

fully against long-term land degradation such as those brought about
 

by soil erosion or soil toxicity.
 

6. 	 Evaluation involves comparison of more than a single kind of
 

use.
 

A comparison of the alternative uses of the land, farming sys

tems, or crops is made to determine suitability. Such a comparison is
 

necessary to 
recognize the land's more beneficial use.
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Levels of Intensity and Approaches
 
The activities and methods of land evaluation are 
related to the
 

intensity of the survey 
and to the approaches of evaluation. The
 
three levels of intensity of survey are reconnaissance, semi-detailed,
 
and detailed, and they go 
from the broad inventory of resources and
 
development possibilities at regional and national scales for planning
 
purposes to the detailed planning and design or advice 
of projects
 
with more economic considerations. 
The approach in land evaluation is
 
either the two-stage or the 
parallel approach. In the two-stage
 
approach, qualitative land evaluation -- the first stage-- is followed
 
by quantitative economic and social analysis-- the 
second stage. In
 
the parallel approach, physical land evaluation goes concurrently with
 
the eccnomic and social analysis. Of the two 
 approaches, the
 
two-stage approach appears to be more common.
 

Basic Concepts
 
The main concept in land evaluation is 
to match the requirements
 

o 
land use with the qualities of the land. To more 
fully understand
 
this concept, the following discussion is presented.
 

Arcording 
to Beek (1979), land evaluation is a study of the
 
land-use system which, 
in turn, is a study of two components: the
 
kinds of land use in relation to the land mapping unit, and the land
 
characteristics and qualities associated with the landmapping unit.
 

In reference to the first component, land use can be described in
 
either a major or a detailed way. Major kinds of 
land use are asso
ciated with qualitative or reconnaissance land evaluation studies,
 
while the detailed kinds, called 
land utilization types, are those
 
associated with quantitative studies. An example of 
a major kind of
 
land use is "rainfed agriculture" or 
"irrigated agriculture". An
 
example of a land utilizat-ion type is "irrigated field maize, with
 
moderate capital resources, with moderate to 
high labor intensity,
 
using small-to-moderate-size, power-operated machinery, applying high
 
technology and maintaining near-optimum management of fertilization,
 
drip-irrigation, control of weeds, pests, and disease, and control of
 
land degradation, and 
located on an experiment station of 2 to 5 ha
 
with easy accessibility to water, 
power, and labor sourcu." An
 
example of the crop requirement associated with 
the land utilization
 

type presented above is shown in Tables I and 2.
 
The major kind of land 
use, therefore, is only a generalized
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description, while the land utilization type is 
a precise definition
 

with specific requirements of land use. As illustrated, some of the
 

key attributes of these requirements are the kind of produce or goods,
 

intensity of capital or labor, kir.d of technology used, scale of
 

management or operation, and so on.
 

Table 1. Some requirements of maize (rainfed cultivation).
 

Requirements 	 Optimum Marginal Range
 

Slope (percent) 	 0 - 8 8 	 15
 

Soil depth (cm) 	 50 10 - 50
 

Soil Drainage class 	 moderately well - imperfectly 

drained to well drained to 

drained some exces

sively
 

drained.
 

Soil Texture class 	 silt loam to 
 sandy loam
 

class loam 
 to montmoril

lonitic
 

clays.
 

Inherent fertility - Moderate 

level 

Salinity 	(mho/cm 0 - 4 4 - 6
 

pH (1:2.5) 
 5.5 - 8.2 - 5.2 - 8.5 

CaCO 3 (percent) 	 0 - 15 15 - 25
 

Gypsum (percent) 	 0 - 0.2 0.2 - 2.0
 

Source: 	 Prepared from Report on the Agro-ecological, Zone Project,
 

Vol. 1, Methodology and Results for Africa (FAO, 1978,
 

Table 4.1).
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Table 2. Photosynthesis characteristics and other information of
 

maize.
 

Characteristics Crop Adaptability
 

Group III Group IV
 

Photosynthesis pathway 
 C4 C4
 

Temperature response
 
of photosynthesis:
 

Optimum temperature 30 35*C - 300C
- 20 


Operative range 15 - 450C 10 350C
 

-
Radiation intensity 1.0 - 1.4 cal cm-2mn 1
 

at maximum photosynthesis
 

-
Maximum net rate of CO 70 -100 mg dm- 2h


exchange at light saturation
 
Maximum crop growth rate 30 - 60 g m-2day- 1 40 - 60gm-2day-1
 

Water use efficiency
 

Days to maturity/growing period
 

Early cultivar 80 - 100 110 - 130
 

Medium cultivar 110 130 - 140 160
 

Late cultivar 
 170 - 200
 

Grain formation period Last third period in crop's life
 

Photoperiodic sensitivity 
 Day neutral
 
of flowering
 

Major climatic division for Tropical lcwland Temperate;
 
rainfed production 	 humid and seasonally tropical
 

arid, altitude of highland, alti
less than 1,500 m; tude of more
 
sub-tropical, summer than 1,500 m;
 
rainfall, warm grow- sub-tropical,
 
ing period with mean summer rainfall
 
temperature 20*C 	 cool growing
 

period with
 
mean tempera
ture 20C
 

Source: 	 Prepared from Report on the Agro-ecological Zones Project,

Vol. 1, Methodology and Results for Africa (FAO, 1978, Tables
 
3.3 and 3.4)
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The second component of the land-use system is the land mapping
 

unit, and associated with this unit are land characteristics and land
 

qualities. Here, the basic unit under study is the land and its
 

soils, climate, vegetation, relief, hydrology, and other land-related
 

factors.
 

Land characteristics include the soil properties and other
 

features such as slope angle and biomass vegetation. Land qualities,
 

on the other hand, are the result of the interactions of two or more
 

land characteristics. Some examples of land qualities that are
 

related to crop productivity are moisture availability, nutrient
 

availability -- such as phosphorus availability -- oxygen availability
 

in the root zone, and workability of the land. For phosphorus avail

ability, examples of interacting characteristics are soil pH, amount
 

and kind of soil minerals, availability of native phosphorus, and so
 

on.
 

Finally, the land evaluation method relates the specified types
 

of land use, or the land utilization type, to the land mapping units.
 
The use requirements of the land utilization types are compared or
 

matched with the land characteristics and qualities of the land
 

mapping units. A land suitability classification is then derived to
 

show the assessment of a given land for a defined use based on present
 

condition or after improvements.
 

Summary
 

The term "land evaluation" has been defined and its principles
 

and concepts have been presented. In land evaluation, an assessment
 

is made of the land's performance when used for specified purposes.
 

Thus, land evaluation becomes a lani-use system that studies the land
 

utilization type in relation to the land use with the qualities of the 
land. From this, land suitability is then determined when the land 

qualities of the land mapping unit are used to meet the requirements 

of the specified types of land use as described by the land utiliza

tion type.
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PRINCIPLES OF AGROTECHNOLOGY TRANSFER
 

Goro Uehara
 

University of Hawaii at Manoa, U.S.A.
 

Abstract
 

Agrotechnology transfer is defined as the taking of an agricul

tural innovation from its place of origin to new locations where it is
 

likely to succeed. In order to succeed, an innovation must be economi

cally feasible, socially desirable, environmentally sound and techni

cally workable in the new location. The success of agrotechnology
 

transfer is also affected by the administrative complexity and poli

tical acceptability of the transfer process. Agrotechnology may be
 

transferred by means of (1) trial and error, (2) analogy, and (3)
 

systems analysis and simulation. Trial and error agrotechnology
 

transfer is too costly and too slow to meet the hurried pace of
 

today's changing needs. Transfer by analogy is markedly better, but
 

lacks the versatility to predict outcomes in dissimilar or
 

nin-analagous environments. Transfer by system analysis and simu

lation is a product of the new information age. The International
 

Benchmark Sites Network for Agrotechnology Transfer Project, better
 

known by its acronym, IBSNAT, is testing the hypothesis that the
 

success rate of agrotechnology transfer can be measurably increased by
 

systems analysis and simulation. This approach depends on identifying
 

and analyzing, for a system, the minimum data set that will enable
 

simulatioLLs of a specific innovation, in a specific location, under
 

specified management conditions to be performed. Thus the suitability
 

of an agricultural innovation is judged not by trial and error expcri

ments, but by assessments of simulated results. Agrotechnology
 

transfer by systems simulation is faster, cheaper, more versatile, and
 

can provide Information on long term consequences of a particular
 

technology in a way that can never be obtained by actual experimenta

tion.
 

Introduction
 

Most agricultural research is dedicated to creating new or
 

improved technologies for various type of farming systems. The
 

technology may be a new cultivar, a more effective fertilizer formu

lation, a more selective pesticide, a more durable tillage Implement,
 

or a more efficient cropping pattern. The technology Is generally
 

designed to increase productivity, lower production cost, lower risk,
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or reduce drudgery.
 

In general, the responsibility of testing whether a technology
 
performs satisfactorily rests with the originator of 
the technology.
 

Once this is done, the technology is released to the farming community
 

by extension agents or entrepreneurs.
 

Some technologies achieve wide adoption whereas others do not get
 
past the demonstration phase. 
 More commonly, a technology will be
 

adopted by some and not by others.
 

There 
are two reasons why a particular agrotechnology is not
 

adopted by farmers. First, the farmer may not be aware that such a
 
technology exists, 
and second, the technology may be inappropriate.
 
For a technology to be appropriate, it must be 
(1) Zechnically sound,
 
(2) environmentally safe, (3) economically 
feasible, (4) socially
 

desirable, and (5) culturally acceptable. A technology is
 
inappropriate if any 
one of the above requirements is not met. When
 
an appropriate technology is adopted by a farmer, we say that the
 

technology has been successfully transferred to the farmer.
 

The purpose of this paper is 
to outline a set of principles on
 
technology transfer and to explain how these principles are applied in
 
a new project called the International Benchmark Sites Network for
 

Agrotechnology Transfer (IBSNAT).
 

What is Agrotechnology Transfer?
 
Agrotechnology transfer is the taking of 
an agricultural innova

tion from its site of origin to a new location where it is likely to
 
succeed. Tc succeed, the agricultural technology or agrotechnology
 
must be appropriate 
in two ways. First, the requirements of the
 
agrotechnolo.y must match the characteristics of the farmer's land,
 
and second, the requirements of the agrotechnology must match the
 

cultural and resource characteristics of the farm family.
 
Matching the requirements of a technology to land characteristics
 

is often referred to as horizontal agrotechnology transfer. The new,
 
high performance cul-.,ars 
of food crops that are generated by the
 
International Agricultural Research Centers 
are transferred horizon

tally to large numbers of national agricultural research centers.
 

If the crop performs well, scientists of the national centers may
 
set out to vertically transfer the crop from the national 
center to
 

farmer's fields. A Successful vertical technology transfer from
 
research center to farmers' fields demands that 
the requirements of
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the crop match the cultural and resource characteristics of the farm
 

family.
 

Horizontal agrotechriology transfer is generally performed by
 

agricultural scientists and does not necessarily involve farmers.
 

Vertical agrotechnology transfer, on the other hand, requires heavy
 

input of social scientists and the active participation of farmers.
 

Strategies for Agrotechnology Transfer
 

Nix (1980) recognizes five different strategies for crop
 

research, three of which can be slightly modified to represent strate

gies for agrotechnology transfer. These three strateiies for agro

technology transfer are (I) trial and error, (2) transfer by analogy,
 

and (3) systems analysis and simulation. 

Trial and error - Most farmers perform tasks that have been 

handed down from generation to generation. In many instances the
 

reason for performing a particular task has been forgotten. In trial
 

and error research, we are primarily interested in effects - not the 

causes of effects. A new technology is taken to a new location on the
 

chance that it will succeed.
 

Trial and error technology transfer was adequate in the past, but
 

is too slow and costly to meet the food production targets of the next
 

quarter century. But because of increased opportunities for
 

International travel, there is an increasing temptation to transfer
 

promising technologies to our native countries in the hope that the
 

technologies will succeed. One must be aware, however, that a faulty
 

transfer is as costly to the recipient as a successful transfer is
 

profitable.
 

The seed of a new, high performance cultivar is the easiest
 

material to transfer. But the plant that emerges from the seed is
 

very sensitive to the soil and climate in which it finds itself, and
 

more often than not, will not perform at the expected level. A few of
 

our most noxious plans have been introduced in this way. Our aim is
 

to replace trial and error with safer and more efficient ways to
 

transfer agrotechnology.
 

Transfer by analogy - An observant individual remembers relation

ships and patterns in nature. Plants, for example, do not perform
 

similarly in all locations and tend to do better in certain ecological
 

niches. The observer may not know why the crop behaves in this way,
 

but concludes that the crop will perform similarly in similar niches.
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If the niche does not exists naturally on a farm, the farmer will try
 
to create similar conditions on the farm. In this way minor mis
matches between the requirements of a technology and the characteristics
 
of the farmer's 
land can be modified by the farmer. However, there
 
are certain crop requirements that 
are climate controlled that cannot
 
be easily met by land alteration. Air temperature and daylength are
 

two examples.
 

Technology transfer by analogy has never been 
fully exploited
 
because until recently, there was no standard way to define and
 
delineate boundaries of analogous environments. The Benchmark Soils
 
Project (BSP Progress Report 1) was 
designed to test the hypothesis
 
that agrotechnology can be transferred 
by analogy using the soil
 
family as defined in Soil Taxonomy (1975). Soil surveys based on an
 
international system of 
soil classification are essential for agro

technology transfer by analogy. 

System analysis and simulation - Technology transfer is con
strained not so 
much by lack of knowledge or scarcity of technology,
 
but by our inability to integrate the 
immense quantity of knowledge
 
that we now have 
into a coherent, operational model for technology
 
transfer. Although the 
human mind has great capacity for innovation
 
and logic, it does not have 
the capacity to remember all 
of the
 
interactions and relationships that occur 
in an agricultural system.
 
An agricultural system 
covers so many disciplines that no single
 
person can 
learn the behavior of every component and its interactions
 

with other components in the system.
 

Systems analysis 
and simulation is a strategy for agrotechnology
 
transfer that takes advantage of 
high-speed digital computers. Past
 
attempts to match crop requirements to land characteristics can now be
 
achieved through computer simulation or crop modeling. System
 
analysis and simulation is a strategy for agrotechnology transfer that
 

is holistic and int-.rdisciplinary.
 

in order to simulate crop growth, one 
must be able to simulate
 
the effect 
of the factors that influence growth. If mismatches
 
between a crop requirement and land characteristic (e.g. nitrogen or
 
water deficit) occur, the model should also be able to 
indicate how
 
these mismatcnes will affect yield. 
 The model should alco be able to
 
simulate yields for various levels 
of corrective management inputs,
 
and therefore provide 
the basic information for ascertaining whether
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such inputs are economically justified. The technology can then be
 

matched not only to the farmer's fields, but to the farmers' financial
 

resources as well.
 

Systems analysis and simulation allows horizontal and vertical 

technology transfer to be dealt with simultaneously . This strategy 

is the one taken by a new project called the International Benchmark 

Sites Network for Agrotechnology Transfer (IBSNAT). The choice of
 

Benchmark Sites over Benchmark Soils reflects the need to 
integrate
 

knowledge from soil science, crop science, atmospheric science and
 

farm management for the transfer process. In order to simulate the
 

performance of a technology in a new location, it is necessary 
to
 

identify a balanced set of minimum data from soil, crop, atmosphere
 

and farm management. It is called the minimum data set for agrotech

nology transfer.
 

The Minimum Data Set for Agrotechnology Transfer
 

One advantage of systems simulation is that it compels the user
 

to state objectives, define the system, and identify the minimum data
 

set for simulation. Our goal is to transfer promising agricultural
 

technologies now available or currently being developed elsewhere in
 

the world to our home country. In doing so, we wish to minimize
 

failures and maximize successful transfer. To attain our goal, we set
 

as our objective the validation of models to simulate crop performance
 

in The transfer site. The simulated results enable us to judge the 

suitability or desirability of the crop for that location. But in 

order to simulate useful results, it is necessary to identify the 

minimum data set needed to perform the simulations. The minimum data
 

set must be collected from the system to be simulated. In our case,
 

the system consists of the crop whose growth and performance we wish
 

to simulate, the soil on which the plant grows, the above ground
 

atmosphere, and the management inputs. The minimum data set for soil,
 

crop, atmosphere and management inputs for ten IBSNAT crops is
 

documented in a manual entitled "Experimental design and data collec

tion procedures for IBSNAT collaborators" (Jones et. al, 1984). The
 

minimum data set contained in the IBSNAT manual is much largcr than is
 

necessary for agrotechnology transfer because it was designed not for
 

that purpose, but to validate crop models that would eventually be
 

used for transfer purposes. As it currently stands, the IBSNAT manual
 

requires 14 forms, ranging from institutional information to plant
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analyses. The use of validated crop models 
 for agrotechnology
 

transfer will require a much smaller minimum data 
set consisting 'f
 

soil, crop and weather information.
 

Resource Inventories and Agrotechnology Transfer
 
Accurate, high quality 
resource inventories are essential for
 

successful agrotechnology transfer. In order to 
match crop require
ments to land, the characteristics of 
the land in the transfer site 
must be I -;. There are two general types of characteristics that
 
need to be inventoried for agrotechnology transfer. 
These are charac
teristics that 
 vary spatially (soil properties) and temporally
 
(weather). In order to successfully transfer crop production 
tech
nology, one must be able to deal with spatial and temporal variability
 
of the transfer site. Thus, agrotechnology transfer can only be 
as
 
good as the quality of the resource inventory of the transfer site.
 

The significance of this International Forum is that is recognizes
 

by its title, the critical connection between soil resource 
inventory
 

and agrotechnology transfer.
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A PROPOSAL FOR AN OCEANIA BENCHMARK SITES NETWORK
 

FOR AGROTECHNOLOGY TRANSFER (OBSNAT)
 

David M. Leslie
 

N.Z. Soil Bureau, DSIR, Lower Hutt, New Zealand
 

SUMMIARY
 

The Oceania region is that served by the South Pacific Commission
 

(SPC) and comprises 20 territories viz. American Samoa, Cook Islands,
 

Fiji, French Polynesia, Guam, Kiribati, Nauru, New Caledonia, Niue,
 

Norfolk Island, Papua-New Guinea, Pitcairn Island, Soloman Islands,
 

Tokelau, Tonga, Trust Territory of the Pacific Islands, Tuvalu,
 

Vanuatu, Wallis and Futuna, and Western Samoa. 
 The region has a
 

population of 4,231,000 
and a total land area of 554,229 km2with
 

Papua-New Guinea the largest (462,243 km2), and Pitcairn the smallest
 

(4.5 km 2). 

These Pacific countries, with few exceptions, face many 

deep-seated problems of social and economic development. These 

Include the relative scarcity of exploitable natural resources; vast
 

distances from metropolitan countries and from each other; smallness
 

of size and the often widely scattered nature of islands; low rates of
 

capital formation; shortage of trained personnel and difficulty In
 

finding markets. Population too, has tended to grow at exceptionally
 

high rates which serves, among other things, to keep levels of per
 

capita income low.
 

Yet, despite these problems, almost all Pacific countries have
 

made, or are making, determined efforts to promote social and economic
 

development and to achieve a greater degree of self-reliance. Most
 

have had formal development plans in operation for many years incor

porating policies, strategies and projects aimed at achieving 
more
 

productive use of available human and physical resources.
 

There is, in most cases, a clear recognition of the vital role
 

that foreign aid can play. Indeed, the belief is widely held that
 

without adequate foreign aid, development aspirations would become no
 

more than mere pipe-dreams.
 

The constraints to agricultural development that most countries
 

experience are seen as:
 

1. A general lack of agricultural diversification, i.e. there are
 

only one or two main exportable crops in which copra is generally
 

dominant.
 

130
 



2. 
 Shipping and communications are poor due to the small size of
 
countries and vast distances between them,
 

3. 	 Social and cultural traditions are at variance with modern
 

concepts and standards.
 

4. 	 Though agriculture is important, it is more a sector for
 
employment, for agricultural production as 
a percentage of GNP
 
Is disproportionately low.
 

5. 
 There are serious rural to urban area population shifts.
 
6. 	 Agriculture has low professional status.
 
7. 
 Land 	tenure systems, though differing from country to country,
 

more 	commonly negate agriculture development.
 
8. 	 It is apparent that for most countries mixed subsistence-cash
 

cropping has not worked.
 

9. 
 An overall lack of adequately trained people in soil science and,
 
for some countries, in agricultural science and extension.
 

10. 
 A general lack of infra-structure planning and attention to
 
product marketing by governments.
 
Assuming that the soil surveys 
in progress will be completed by
 

1985, twelve countries will 
have 	national soil 
maps 	available of
 
scales 
 1:100 000. with a number having more detailed (1:15 000 
- 1:50
 
000) national sol.l maps available. Papua-New Guinea, New Caledonia,
 
and Solomon Islands, stand 
out 	as having only broad 
scale national
 
soil maps for land use planning and agricultural development.
 

Overall., the level of soil characterization in most countries is
 
adequate. For countries with 
national soil maps (15), 11 have em
ployed Soil Taxonomy as the primary classification or have soil series
 

correlated to it.
 
The 	region has at least 50 
agricultural research 
stations. Of
 

these, only 16 stations have soil maps of a scale adequate for research
 
purposes. Coconuts, cocoa, 
coffee, bananas, oil palm, fruit and nut
 
trees, root crops and vegetables with pasture 
research in the large
 
countries, 
are 	the consistent 
major crops researched on stations in
 
the region. Some plant breeding/hybridisation research is undertaken
 
on some research stations. However, most research relates to varietal
 
evaluation, soil fertility and pest and disease control.
 

Soil 	classifications, according 
to Soil Taxonomy, are known for
 
only 15 
of the 50 stations discussed. 
 To take advantage of transfers,
 
the following countries require a policy to produce national soil maps
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of scales 1:100 000 for Papua-New Guinea, Solomon Islands and New
 

Caledonia, and for the atoll nations (Kiribati, Tuvalu, Tokelau) at a
 

scale of 1:25 000. Also, to participate in transfer networks based
 

on research stations several countries need to undertake detailed soil
 

surveys: for stations larger than 25 ha, mapping scales of 1:3000
 

would be recommended and for those smaller than 25 ha, a scale of
 

1:1500. USDA, DSIR, CSIRO, ORSTOM and DOS, based on past or current
 

association with countries, could be approached to undertake these
 

soil surveys.
 

There seems to be a need for some independent (ISNAR?) evaluation
 

of existing research stations. Also, ISNAR could review agricultural
 

research on a regional, as well as on a national basis (as recently
 

undertaken for Fiji), so as to minimize duplication in agricultural
 

research, ensure sharing of information, and in the context of the
 

critical mass concept, assist in establishing areas of specialization
 

in agriculture within the region.
 

There Is a requirement for some form of regional evaluation of
 

laboratory services (SMSS?). In general, laboratory equipment in many
 

instances is outdated and requires replacement, a factor that is
 

critical should selected research stations in the region participate
 

with IBSNAT.
 

Based on similar programs in operation, and the international
 

technical support available, an Oceania Benchmark Sites Network for
 

Agrotechnology Transfer (OBSNAT) proposal is seen as being technically
 

feasible. For the region, it would be seen as socially desirable,
 

environmentally sound and a mechanism with the potential to quickly
 

elevate levels of productivity for food and fiber. S?C would seem the
 

appropriate regional administrative "umbrella" under which an OBSNAT
 

could operate.
 

Most countries of the Pacific region, at their current stage of
 

development, cannot afford massive agricultural research programs.
 

Also, many of the countries are small and an agricultural research
 

capability (extension services, yes) is inappropriate at present for
 

some of these. Problems in agriculture are often common from one
 

country to another and research to solve some of them is also taking
 

place in some of the countries. It is clear that the aid thrust
 

should be to help these countries develop a collaborative mode which
 

will make their research more cost-effective, will reduce duplication
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of experiments and will disseminate 
research information so that
 
scientists are continuously kept 
abreast of the research findings.
 
The logical collaborative mode to realize 
these objectives it net
working. National networks such as 
Fiji SCEP, and inter-country
 

regional networks such as proposed for OBSNAT.
 

Specific administrative and 
 operational recommendations for
 
OBSNAT are discussed. Conceptually the OBSNAT proposal follows that
 
prescribed for IBSNAT whose 
function is to collate soil/climate/crop
 
data; derive minimum 
data sets to drive the crop models; assist
 
collaborators 
to validate and later utilize the simulation models and
 

manLge the data base for the project.
 

Problems pertaining to the atoll countries 
and how they might
 

benefit from OBSNAT are also discussed.
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THE FIJI SOIL AND CROP EVALUATION PROJECT (FIJI SCEP)
 

P. Sivan and D.M. Leslie*
 

Koronivia Research Station, Ministry of Primary Industries, Fiji
 

SUMMARY
 

1. During the late 1970s the Government of Fiji recognized that the
 

original soil survey of Fiji (Twyford and Wright, 
1965) conducted in
 

the mid 1950s had proven to be of an inadequate scale at 1:126 720, to
 

identify with required precision soil crop potentials for current and
 

proposed agricultural and forestry developments. Also, the level of
 

soil characterization was outmoded, such that 
a full understanding of
 

those soil-related problems that 
were limiting to crop productivity
 

could not be determined. Another drawback was the Twyford and Wright
 

soil classification system (unique to Fiji) which made it 
impossible 

to correlate with soils of other countries - thus on a soil basis, 

denying Fiji the opportunity to transfer agrotechnological information 

from those highly developed agricultural systems elsewhere, where the 

soils and climates were considered to be similar. 

In 1979 the Government of Fiji requested that N.Z. Soil Bureau, 

DSIR, under the NZ: Fiji bilateral aid program, initiate a program to 

update the soil resources information for Fiji. The broad objectives 

of the program were: 

-
to recognize and alleviate soil related constraints to
 

agricultural production
 

- to provide a sound soil/agronomic base for increasing
 

productivity from both subsistence and commercial crops
 

- to increase the knowledge of the pre-requisites for self
 

sufficiency in food and fiber for Fiji.
 

The program comprised three distinct, though interrelated com

ponents. First, detailed soil survey and soil characterization for
 

the ten Ministry of Primary Industries (MPI) agricultural research
 

stations; second, 
national soil mapping, soil correlation and soil
 

classification; and third the soil and crop evaluation proje (Fiji
 

SCEP).
 

2. The ten agricultural research stations administered by MPI are
 

generally well located in that the soils at each are 
representative of
 

*Seconded from N.Z. Soil Bureau, DSIR
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the district in which the research station is located, and the ustic,
 
udic and perudic soil moisture regimes of Fiji are each covered by at
 
least two stations. Thus, the regional applicability of the research
 
stations for agronomic crop evaluation and soil nutritional trials is
 
significant. So as to ensure a sound soil basis for SCEP, and for all
 
future research conducted on the ten stations, N.Z. 
Soil Bureau
 
prepared detailed soil maps of the stations, characterized the soil
 
series recognized, and classified 
soils according to Soil Taxonomy
 
(Soil Survey Staff, 1975). Laboratory characterization has been a
 
joint project involving the laboratories of N.Z. Soil Bureau and 
the
 

MPI laboratory at Koronivia.
 

3. 
 The national mapping, correlation and classification phase of the
 
program operated concurrently with the soil surveys of the 
agricul
tural research stations. It involved 
the secondment of a N.Z. Soil
 
Bureau pedologist (Mr. Leslie) to Fiji for three years 
to work with
 
counterparts in the Land 
Use Section, MPI. The broad objectives set
 

for this phase were to:
 

- compile modern 1:50 000 scale soil maps for Fiji (38 sheets)
 
-
 prepare soil taxonomic unit descriptions sheets (STUDS) to
 

accompany the map series, in which each soil series is
 

characterized in terms of its physical, chemical and
 
mineralogical properties i.e. 
a basic referral document
 

-
 classify soil series and document these in a correlation
 

report that relates each series to Soil Taxonomy, FAO 91974)
 
and Twyford and Wright soil classification systems
 

- prepare soil interpretative tables in rhich each soil
 
mapping unit is rated into suitabilicy classes for specific
 
crops, pasture and forestry species important to Fiji. The
 

field and laboratory stages of this phase have been
 

completed and are at 
various stages in preparation for
 

publication.
 

4. The Fiji SCEP report (Silva et al. 
1984) details recommendations
 
of a panel established in September 1983 to develop appropriate action
 
to utilize, 
in a soil and crop evaluation program, the information
 
developed from the reclassification of the soils of Fiji and 
parti
cularly those 
of the ten MPI research stations. The agricultural
 
research stations will 
be benchmark locations 
for the selected soil
 
series and the data obtained will be utilized In the transfer of
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agrotechnology within Fiji as well as internationally.
 

The SCEP report, while identifying a number of research needs for
 

Fiji, recommends a concentration of research effort to establish the
 

nutrient status of our major soils. The goal of the project is to
 

establish the nutrient requirements for crops on the soils of Fiji in
 

order to foster efficient agricultural production and ensure a
 

self-sufficiency in food crops and an increase in export earnings.
 

5. 	 Fiji SCEP has the following objectives:
 

- to initiate a program of research to evaluate the potential
 

productivity of selected crops over a range of fertilizer
 

inputs on important soils in the major climatic zones of
 

Fiji
 

- to select appropriate crops, soil series and locations for
 

appropriate field experiments
 

- to plan appropriate field experiments and define necessary
 

field and laboratory procedures
 

- to recommend procedures for analysis and evaluation of data
 

and communication of results to extension personnel
 

- to outline procedures for staff training as required.
 

- to suggest an administrative organization to achieve the
 

above objectives
 

In working toward achieving their objectives SCEP will, where
 

appropriate, collaborate with quasi-government organizations (Fiji
 

Sugar Corporation, Native Lands Development Corporation, Yaqara
 

Pastoral Co., Fiji Citrus Products Ltd., etc.) and regional bodies,
 

such as USP, SPC, SPEC, and UNDP.
 

6. Fiji SCEP entails the establishment of fertilizer experiments to
 

determine the nutrient requirements of crops grown on soils selected
 

on the basis of their agricultural significance and areal distri

bution. The soils (Soil Taxonomy subgroups) selected for experiments
 

are: Mollic Ustifluvent; Aeric, Sulfic and Typiz Tropaquepts;
 

Fluventic Eutropept; Typic Eutrustox; Oxic Palei';tult; Cumulic
 

Haplaquoll; Cumulic and Fluventic Haplustolls; and two Fluventic
 

Hapludolls, one in the isothermic soil temperatu-e regime and the
 

other isohyperthermic.
 

7. 	 The crops to be grown in the SCEP experiments have been selected
 

on the basis of their potential to help Fiji achieve self-sufficiency
 

in domestic food needs and to increase agricultural exports. At each
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site there are three test crops, including the benchmark crop, maize.
 
The experimental crop list includes: 
 paddy rice, upland rice, taro,
 

yam, cassava, pigeon pea, pineapple, papaya, tomato, lettuce, irish
 

potato, carrot, peanut and maize.
 

8. A series of three experiments will be conducted 
in successive
 

years starting with a 2n 
experiment with the macro and micronutrient
 
known or suspected to be limiting in the soil. 
The experiment will be
 

supplied with supplemental irrigation so that moisture will be
 
non-limiting. The third experiment will be a comparison of 
irrigated
 

versus non-irrigated conditions at selected 
rates of the nutrients
 

studied in the second experiment. A minimum 
set uf soil, crop,
 
climate, and management data (Annex 1) will be collected for each
 
experiment. The data obtained to
in these experiments will be used 


formulate management practices for selected crops on the soil series
 
studied which can be transferred to other areas of the same soil
 

series throughout Fiji.
 

9. The SCEP report includes a five-year research program (Annex 2)
 

and outlines plans and procedures for the series of experiments.
 
Proposals have also 
been prepared on procedures to ensure effective
 

analysis, interpretation, and publication of the experimental results.
 
It has also proposed that there be short-term consultancies by a
 
number of consultants, a biometrician 
to assist with the analysis of
 
the experimental data, a soil chemist to 
advise on the organization of
 

the chemistry laboratory, an irrigation expert to 
advise on irrigation
 
facilities at the research stations, and several crop and soil specia

lists to assist with the training course.
 

Although a five 
year project is proposed, it is envisaged that 

the studies will be continued indefinitely by MPI after the completion 
of SCEP - a proposal endorsed by ISNAR in that organization's recent
 

review of agricultural research in Fiji.
 

10. An estimate of the cost of SCEP 
 for the five years 1985 to 1989
 

is US$1.5m.
 

11. Although the research program has been planned for studies at 
the
 

MPI Research Stations, the plans and procedures are equally appropriate
 

to studies on commercial agricultural projects. A number of
 

semi-Government and private organizations, including the Fiji Sugar
 
Corporation, Fiji Citrus Products Ltd., Yaqara Pastoral Company,
 
Consolidated Agriculture Agriculture Ltd, and the Native Land
 

137
 



Development Corporation, have indicated a desire to conduct similar
 

trials with their crops, and it is proposed that technical advice on
 

the layout and conduct of the trials and the analysis of data will be
 

given by SCEP staff with the actual field work being conducted and
 

financed by the respective organization.
 

12. The approach adopted in planning the research program is in line
 

with that adopted by a number of international research groups
 

including IBSNAT, BSP, IBSRAM, and CGIAR centers, and linkages have
 

been established with several of these groups. The minimum data sets
 

to be collected, and several of the crops to be grown, e.g., maize,
 

cassava, taro (aroid), and Irish potatoes, will provide data which can
 

be utilized'by the IBSNAT project. The goal and the objectives of the
 

research program are also consistent with Fiji's national agricultural
 

objectives as detailed in Development Plan 8 (1981-1985).
 

13. The SCEP Report recommends that the project be reviewed at the
 

end of the first three-year series of experiments by a review team
 

composed of some of the SCEP panel members as well as "external"
 

members. An evaluation will be made of the attainment of specified
 

objectives, and also of the possible modification of direction and
 

approach of the project in view of the first three years of work.
 

14. Some of the benefits which it is considered will be derived from
 

the SCEP program are:
 

(a) 	For selected crops, the limiting nutrients on the major
 

soils of Fiji will be identified and response curves for
 

these nutrients developed to permit an assessment of the
 

amounts of fertilizer required to overcome the deficiencies.
 

(b) 	The potential yields of selected crops will be estimated for
 

a range of soils over several growing seasons.
 

(c) 	The increase in potential yield due to irrigation will be
 

estimated.
 

(d) 	Information will be provided to recalibrate the existing
 

soil and plant tests i,-ed to advise farmers on fertilizer
 

requirements.
 

(e) 	The overall research program of MPI will be strengthened by
 

upgrading staff skills through training courses, improving
 

research facilities, and refining resource utilization
 

within the Research Division of MP1.
 

138
 



(f) More precise soil interpretations for a range of crops and
 

soils to complement the new national soil map (1:50 000
 

scale).
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Annex 1. Proposed minimum data set for SCEP experiments
 

Factor 	 Minimum data set
 

Required data
 
Site Details 	 Longitude and latitude
 

Soil series and classification
 
Landscape position, slope and aspect
 
Management history
 

Required data
 

Climate Daily measure of
 
Maximum temperature *C
 
Minimum temperature 'C
 
Wet bulb temp. at 0900 hr 'C
 
Dry bulb temp. at 0900 hr °C
 

-
Solar radiation (MJ m )
 
Precipitation (mm)
 
Class A pan evaporation (mm)
 

Supplementary data 

Mean soil temp. (C') at 10_Ind 50 cm 
Rainfall intensity (mm hr ) 
Duration of direct sunlight (hrs) 

(if long-term records are available for
 
hours of sunlight, but not for solar
 
radiation)
 

Daily windrun (km)
 

Required data
 
Soil 	 Texture
 

Available water capacity in crop root zone (mm)
 
Soil moisture (monitored in non-irrigated crops)
 
pH (H 0) (1:5 soil:water), pH (KC1) (1:5 soil:M
 

Kal) 
pH as an estimate of net charge -1
 

Electrical conductivity (millimhos cm
 

Exchangeable Ca, Mg, K and Na (me.%)
 
Exchangeable Al (me.%)
 
Al saturatioLn (%)*
 
Extractable P (ppm)*
 

P absorption isotherms*
 
Mineral N (NO -N + NH4-N) ppm)
 

Absorbed S (ppm)
 
Extractable Fe, Cu, Mn and Zn (0.005M DTPA) (ppm)
 

Extractable B (Hot water) (ppm)
 

Supplementary data 
Total C % 
Total N (%) 
K (me.%) 
(§ee Section 10.3 for further comments) 
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Annex 1 (continued)
 

Factor 
 Minimum data set
 

Required data

Irrigation water 
 pH
 

-
Electrical conductivity (millimhos cm )
 
Mineral N (NO 4-N + NH -1) (ppm)
 
Ca, Mg, Na, S8 , CI, HCO .(ppm)
 

Required data
 
Crop 	 Variety
 

Plant stand 2-3 weeks after sowing
 
Row spacing, row direction
 
Depth of sowing
 
Dates o: sowing and emergence (50%)

Date of flowering (dicots) or anthesis 
(cereals)

Dates of physiological and harvest maturity
 
Yield of economic product
 
Above-ground production at physiological
 
maturity
 
Date of full ground cover
 
Crop content of N, P, K, Ca, Mg and S; 
also cu,
 
Mn, and Zn as required
 

Supplementary data
 
Weights of total biomass and plant fractions at
 
physiological maturity
 
Date of panicle 4nitiation in cereals
 
Periodic measurement of light interception
 

Required data
 
Management 
 Dates and details of tillage**
 

Dates, details and application rates of
 
fertilizer**
 
Dates, details, and application rates of water
 
and pesticides

Level of weed infestation by rating or measure
ment of biomass
 
Details of weed species and their growth
 
relative to crop growth
 
Dates of waterlogging, storm damage, lodging
 

Required data
 
Pest and diseases 
 Record onset of attack by pests and diseases
 

Record species present
 
record extent of damage (rating or measure)
 

* Exact methods will be selected after preliminary investigations.

** Depth of tillage, implement used, number of passes, etc.
*** For fertilizer indicate whether broadcast or banded, width of 

band, depth of placement and position of band relative to seed, 
whether applied as solid or solution. 
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Annex 2. Timetable for field experiments to be sown under the SCEP
 
Program, 1985-1989.
 

SITE AND 1985 

SOIL SERIES
 

Sigatoka R.S M(F) 

(Sigatoka series) IP(F) 


T(F) 


M(F) 

Koronivia R.S. D(F) 

(Rewa series) UR(F) 


Koronivia R.S M(F) 

(Tokotoko series) PR(F) 


UR(F) 


Legalega R.S. (Nadi M(F) 

PP(F) 


PA(F) 


Seaqaqa R.S. M(F) 

(Batiri series) PA(F) 


C(F) 


Dreketi Scheme (So- M(F) 

so and Dreketi UR(F) 

series PR(F) 


Nadarivatu (Navai 

series) 


Dobuilevu R.S. 

(Wainibuka series) 


Legalega R.S. 

(Nadruka series) 


Sigatoka R.S. 

(Lawai series) 


Sigatoka R.S. 

(Naroro series 


Key: 	 M = Maize; PR = Paddy rice; UR 
C = Cassava; PP = Pigeon pea; PA 

1986 1987 1988 1989
 

M(R) MM1)
 
IP(R) IP(I)
 
T(R) T(I)
 

M(R) M()
 
D(R) D(I)
 
UR(F) UR(I)
 

M(R) M()
 
PR(R) PP()
 
UR(R) UR(I)
 

M(R) MMI)
 
PP(R) PP(I)
 

PA(R)
 

M(R) M()
 
PA(R)
 

C(R) CI)
 

M(R) M(I)
 
UR(R) UR(I)
 
PR(R) PR(I)
 

M(F) M(R)
 
IP(F) IP(R)
 
L(F) L(R)
 

M(F) M(R)
 
Y(F) Y(R)
 
D(F) D(R)
 

M(F) M(R)
 
UR(F) UR(R)
 

PP(F) PP(R)
 

M(F) M(R)
 
CA(F) CA(R)
 
PN(F) PN(R)
 

M(F) M(R)
 
UR(F) UR(R)
 
PW(F)
 

Upland rice; D = Dalo; Y = Yam;
 
= Pineapple; PW = Papaya; t = Tomato;
 

L = Lettuce; IP = Irish potato; CA = Carrot; PN = Peanut 
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THE INSFFER PROGRAM: 
 ITS ROLE IN RICE PRODUCTION
 

By: Cezar P. Mamaril
 

(Summarized by: 
 J.T. Cope)1
 

Rice production in Asia has increased substantially over the last
 
20 years. This has been due 
to improved varieties, increased irri
gation, increased use of 
fertilizers and other agricultural chemicals
 
and improved 
cultural practices. The International Network 
on Soil
 
Fertility and Fertilizer Evaluation for Rice 
(INSFFER) was established
 
in 1976 as a cooperative 
effort among national IRRI (International
 
Rice Research Institute), and IFDC (International Fertilizer Develop
ment Center) sc-entists to study soil fertility and fertilizer manage

ment in rice.
 

The program initially included 10 countries, but now includes 17.
 
It includes research trials, 
a training program and site visit 
tours.
 
The number of collaborating scientist has grown from 16 
to 59 and the
 
number of experimental sites from 27 
in 1976 to 
99 in 1983.
 

Research trials for 1984 included:
 
1. 
 Nitrogen fertilizer efficiency under irrigated, rainfed
 

lowland, deepwater, and rainfed upland conditions.
 

2. Azolla use in rice
 

3. Long-term fertility trials
 

4. Phosphorus 
sources for lowland rice
 
5. Acid lowland soil nursery
 

6. Methods of nitrogen application
 

7. Inorganic and organic N sources
 

8. 
 Fertility management of acid upland rice soils
 

Future Activities
 
There is 
a need to determine why differences 
have been found
 

among sites regarding the various methods of N fertilizer application.
 
Sites must 
be more thoroughly characterized using soil 
tests and will
 
be classified more 
carefully to make results 
more meaningful.. This
 
should help in extrapolating 
 data to other 
 sites of similar
 
agro-ecologcal 
conditions. 
 More fertilizer trials will be 
conducted
 
on upland rice. 
 Local sources of 
organic fertilizers will
 

From paper presented at 
the Fifth Asean Soil Conference, Bangkok,
 
Thailand. 
 June 10 - 23, 1984.
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be compared with imported inorganic fertilizers. Research on use of
 

sulfur and zinc will be done where such deficiencies are suspected.
 

Closer collaboration with other networks interested in common fertility
 

problems will be encouraged.
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INSTITUT FRANCAIS DE LA RECHERCHE SCIENTIFIQUE
 

POUR LE DEVELOPPEMENT EN COOPERATION
 

(O.R.S.T.O.M.)
 

ORSTOM and PEDOLOGY in the South Pacific
 

A.G. BEAUDOU*
 

ORSTOM is a french institute of scientific research. 
It has been
 
present in the Pacific since 1946 
and at present administers two
 
research centers, 
based in Noumea (New-Caledonia) and in Papeete
 
(French Polynesia), 
as well as a mission in Port-Vila in Vanuatu. The
 
scientific activities are extremely diversified and deal with numerous
 
subjects assembled in eight multidisiciplinary departments.
 

1) -
Physical and Climatic Environments
 

(Research on the lithosphere, the hydrosphere, the
 

atroophere and their interactions).
 

2) - Environments and societies
 

(The inter-relationships between the dynamics induced by
 
human activities or natural dynamics and social dynamics.
 
Co-evolution of environments and societies).
 

3) - Aquatic ecosystems
 

(Research on marine, brackish and continental aquatic
 

ecosystems).
 

4) - Alimentary independence
 

(The acquiring of ways to control alimentary security).
 
5. - Urbanization and urban sociosystems
 

(The study of the methods of city development and
 

production).
 

6) - The study and management of resources: energies, water and
 

raw materials
 

(The study of the genesis of renewable and non-renewable
 
energies, water systems, plant raw materials. The consequences
 

and conditions of their utilization).
 

*Soil Scientist. 
ORSTOM. NOUMEA. BP A5. New Caledonia
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7) - Sanitary Independence 

(Epidemiology and health system) 

8) - National and international conditions of development and the 

independence of countries and peoples. 

(Globalization and recentering of the results of different 

researches in a general macro-economic and social perspective). 

Several disciplines are brought together in these different 

departments. For example, one will find in the "alimentary indepen

dence" department, soil scientists are equally present in the "Phy

sical environments..." 

"Environments and societies...", " Study and management of 

resources..."departments, etc. . Therefore, it is chiefly multidisci

plinary research that is emphasized.
 

PEDOLOGY IN THE PACIFIC
 

After a brief reminder of the structure and scientific orienta

tion of ORSTOM, I will come to a more specialized topic, that of
 

pedology. In the Pacific, the activity of soil scientists is varied.
 

Concerned are s ,-rql domains, ranging from inventory studies to
 

fundamental research work (pedogenesis) or to studies of the evolution
 

of soils submitted to different types of cultivations. I will rapidly
 

examine the diverse topics and will present the principle results
 

obtained and the different lines of research being explored at the
 

present time.
 

1. - Inventory cartography
 

The studies represent an important part of the activity of soil
 

scientists .n the Pacific, whether it be in Noumea or in Papeete. To
 

this day, numerous maps have been made, others are in the making and
 

are equally of use as a support to methodological research.
 

a) Pedological maps of Vanuatu:
 

All the islands of the archipelago have been mapped. Drawn
 
up by P. QUANTIN, the pedological maps are accompanied by
 
geological, relief, and vegetation maps. To this, one mus
 
add the agronomic potentiality map and the cultural
 
aptitude map which are directly derived from the preceding
 
morphological and pedological maps.
 

b) Pedological maps of Lakeba aiid Taveuni (Fiji)
 

These maps were drawn up in collaboration by B. DENIS and
 
M. LATHAM within the framework of a M.A.B. project. Here
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as well, the soil maps are accompanied by cultural and forest
 

aptitude maps.
 

c) Pedological maps of French Polynesia
 

R. JAMET has prospected and drawn pedological maps of

Tahiti,Moorea, Maupiti, Huahini, Raiatea, and Tahoa.
 
Cultural and forest aptitude maps derived from these
 
documents are present.
 

d) Pedological maps of Wallis, Futuna, Alofi:
 

They are in the process of being made. 
The site was
 
surveyed this year.
 

e) Pedological maps of New Caledonia:
 

The maps are on several scales. A systematic program was
 
begun four years ago.

-
 Detail maps (1/25,000) relate to representative sample
 

zones
 
-
 Synthesis maps on a scale of 1/200,000.
 

Methodological 
research was undertaken 
during the process of
 
these studies. This research has allowed 
us to perfect a new way of
 
representing maps. 
 The method is essentially concentrated upon the
 
data processing, 
 whether it be information regarding soils
 
(morphological and 
analytical) or 
information on the environment.
 
What has been the purpose of this research? In order to answer the
 
different questions of those using the maps and especially to allow a
 
better use of 
the pedological documents and the information that they
 
convey, mainly information concerning the morphology of soils. 
 These
 
data (description of profiles) are usually stocked in bulky appendixes
 
and are rarely or not at all made use of, despite their 4mportance, as
 
much for the characterization of soils as 
for their genesis or their
 
distribution in the landscape.
 

The maps that we are now introducing, therefore 
are trying to
 
valorize this information by having it appear directly in the legends
 
and by joining 
it to different physico-chemical data. Th. data are
 
e.:pressed either by numbers 
(physico-chemistry) or with the help of 
a
 
typological language 
based on the notion of diagnostic horizon and
 
morphological diagnosis.
 

The utilization of this language brings about an impottant change
 
concerning the expression and description of soils. It allows 
us to
 
name and to characterize with precisicn 
the different pedological
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horizons. Information transcribed in this way is at the same time
 

qualitative and quantitative. One restraint exists: those using
 

these maps have to remember the words of the typological language and
 

their meaning, but on the other hand, that allows them to better
 

profit from the information which is given them. Therefore, the
 

effort is justified, on the one hand, by a better use of the pedo

logical data and on the other hand, of the field analytical data,
 

shown in the two legends joining these maps.
 

a) The morpho-pedological legend
 

It shows:
 

- The characteristics of the landscape and the
 
cartographic unities.
 

- A graphic description of the soils and a
 
description with the help of typological language.
 

- The position of soils in a classification
 
(C.P.C.S. in New Caledonia)
 

b) The edaphic restraint legend
 

Why edaphic restraint and not cultural aptitude? The
 
answer is twofold.
 

- For reasons of the reliability of the documents: 

With the course of years, in a landscape, in a
 
soil, the restraints vary little and only the
 
superficial horizons will be affected in the case
 
of land improvement. This legend takes into
 
account soil and landscape data only. An
 
aptitude legend privileges the plant, therefore
 
an object which varies rapidly, in particular,
 
because of the rapid progress of the genetics...
 

- For reasons of "limit of competence": 

Not having all the data concerning the needs of all the cropp
ing plants, it is very difficult to classify the soils of a
 
region in the framework of an "all types of crops" utilization
 
without risking writing that all the "good soils" are good
 
for all types of crops and that all the "bae oils" are bad
 
for all types of crops.
 

For these two reasons, it seems to us that it is better to draw
 

up a table of the different physico-chemical and morphological charac

teristics of the soils so that each person can then use it depending
 

upon his own needs. Thus, it will be possible to draw a localization
 

map of soils suitable for coffee, or citrus fruit, or corn, and so
 

on...
 

148
 



On this legend, in the form of a table, can be found:
 

- The restraints of the landscape: 

Risks of Flooding 
- Risks of erosion 
- Slope 
- Stoniness of the surface 
- External drainage 

- Soil depth 
- Degree of variability of the soil 

- The physico-chemical restraints
 

- Thickness
 
- Percentage of coarse elements
 
- Texture
 

- Internal drainage
 
- Water reserve (difference between pF 2.5
 
humidity and pF 4.2 humidity
 

- pH
 
- Amount of organic matter
 
- Amount of nitrogen
 
- C/N 
- Amount of exchangeable Ca
 
- Amount of exchangeable K
 
- Amount of exchangeable Na
 
- Amount of exchangeable Al
 
- Exchange capacity
 
- Soluble salts
 
- Bases saturation
 
- Total amount of phosphorus
 
- Available phosphorus
 
- Mineral reserves
 

- Fertility ratios
 

- Ca/T
 
- Ca/Mg
 
- Ca + Mg/K
 
- Al/Al + s
 
- N/P2 05
 
- Na/T


All these values are indicated 
for the different diagnostic
 

horizons in each cartographic unity.
 
Present research in cartography is dir _.ed 
towards the problems
 

of the recording of data directly In the 
field, by the use of micro
computers. 
 In this manner, we hope to accelerate the data processing
 
phase and in particular, 
to increase oui possibilities of data
 
analysis in order to provide more numerous answers 
to those using the
 

maps.
 
Here we have quickly explained the studies and re 
 ]lts obtained
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in cartography, which is an indispensable tool not only for develop
ment, but also for the comprehension of the structural organization of
 
the landscape in which 
we live. This allows us to very naturally
 
approach the problems fundamental research (pedogenesis).
 

2. - A few problems of pedogenesis
 

These studies are being made in New Caledonia and at
 

present concern the different movements of ions and matter
 

in soils.
 

- The movements of cations:
 

In New Caledonia, there are numerous soils characterized by
 

very large unbalances in calcium and magnesium
 

(hypermagnesian soils). 
 These soils found in the plains,
 

are the object of precise studies and experiments to enable
 

us to understand the dynamics of these ions. 
 Thus we hope
 

to obtain by the addition of material with calcium, an
 

equilibrium of the complex. 
The first results bring to
 
light the role of gypsum which favors the leaching of
 

magnesium and sodium, but also of potasium. Lime provokes
 

calcium, magnesium and sodium exchanges but the magnesium
 

is not eliminated from the soil. 
The calcium carbonate
 

provokes an increase of the pH, and the percentages of
 

exchangeable calcium but no leaching of cations 
can be
 

noted. 
Thus it would seem that the associated anion has a
 

fundamental role. Sulfate would favourize the leaching of
 
calcium, magnesium, sodium and potassium. Carbonate would
 

stop these movements. These are the first results of
 
experimentation. More research is in the process, to
 

enable us better specification of the role of the different
 

elements, and to propose methods for the use of these
 

soils.
 

- Gypsum soils:
 

Equally very abundant in N-q Caledonia, these soils are
 

the object of a complete study. 'Morphology and
 

geochemistry of soils. Relationships between these soils
 

and the different episodes of morphogenesis of New
 
Caledonia... Problem of the accumulation of gypsum soils
 

and those existing in other regions.
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-
The leaching in fersiallitic soils:
 

A large number of fersiallitic soils present in New
 
Caledonia, have white horizons (leuciton in terms of
 
typological language) and we can observe a sequence 
-

fersiallitic soils, leached fersiallitic soils, "podzols."
 
The first researches were undertaken in order to determine
 
the factors of leaching and accumulation of some elements.
 
Here again, the relationships with the different
 

morphogenetic episodes are analyzed.
 
3 - The evolution of soils submitted to reafforestation and
 

to agriculture:
 
At the present time several programs are in the process and
 
are being undertaken in New Caledonia and in Tahiti.
 
Influence of the planting of Pine-trees on fersiallLtic
 

soils
 
The results show that 
on the original soils, very acid and
 
chemically poor, the influence of the planting of Pine
 
trees isn't entirely negative. If the modifications in the
 
soil, after ten years of culture, are weak, they are not so
 
as far as impoverishment is concerned. 
 In addition, these
 
plantations favourize the development of an 
important
 
undergrowth vegetation and limit the extension of bush
 

fires, as well. 
- Observations for a period of several years of different 

types of cultivated soil.
 
(With the collaboration of Agronomists)
 

In all th3 cases we can note:
 

The degradation of the structure
 

The reduction of the porosity
 

The reduction of the percentages of cations
 

and phosphorous, 4n 
spite of additions of
 

fertilizers, somet..es in very large quantities.
 
Therefore, these observations confirm the 
instability of the
 

capital that the soil represents.
 
The soil quickly loses a portion of 
its original qualities even
 

when it is used with a maximum of care. 
 It is very difficult, if not
 
Impossible, to keep the 
level of original fertility; that is the
 
result of a natural equilibrium acquired after a long evolution.
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Agriculture destroys this equilibrium and therefore, the land
 

must be exploited in a manner that protects to a maximum the capital
 

that the soil represents. This worldwide problem should be the major
 

concern of those responsible for development in the Pacific islands.
 

In general, these islands have a small area and the possibility to go
 

somewhere else doesn't exist. Therefore, it is at this level that we
 

meet once again the interest that the pedological maps with their
 

edaphic restraint legends represent and which are, in fact, a picture
 

of the present equilibrium of soils in their environment.
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LAND EVALUATION FOR VILLAGE BASED FOOD AND CASH CROP
 

PRODUCTION IN PAPUA NEW GUINEA
 

by P. Bleeker
 

(CSIRO Division 
of Water and Land Resources, GPO Box 1666,
 

Canberra ACT 2601, Australia).
 

INTRODUCTION
 

Since 1953 reconnaissance surveys based on 
the land system
 
concept (Christian and Stewart 
1953) have been carried out in Papua
 
New Guinea by CSIRO Division of Water 
and Land Resources. These
 

surveys aimed 
to provide a rapid resource inventory of large tracts of
 

land for which previously little or no information was available. 
 By
 

the early seventies almost 45% of the country had been covered by
 
surveys with published reports giving information on the land systems,
 

climate, vegetation, geomorphology, soils and 
land capability for
 
plantation agriculture. 
 Only, the later survey reports also included
 
chapters on 
present land use and population.
 

In view of PNG becoming an independent nation in 1975, CSIRO
 
decided to discontinue with its survey activities, in order to provide
 

a series of 1:1,000,000 maps covering the whole country 
on vegetation
 

(Paijmans 1975), geomorphology 
(Loffler 1974) and agricultural land
 
use potential (Bleeker 1976). 
 Upon completion of these publications
 

CSIRO's activities in PNG practically ceased.
 

Following 
a lapse of almost five years the PNG Department of
 
Primary Industry (DPI) approached CSIRO in view of carrying out a
 

joint project concerned with 
village food and cash crop production.
 

Such a project requires an assessment of the curr2nt use 
and develop

ment potential of the 
natural resources in relation 
to population
 

distribution and growth and is 
 thus very different from resource
 

inventory surveys.
 

This paper describes the current progress 
and land evaluation
 

metholology being developed in 
this multi-disciplinary project.
 

Popul,.pl"on and Resource Use in 
Papua New Guinea
 

The total area of PNG is 462,000 ,km2 with i population of 

3,011,000. Over 80% of this population 
are rural village dwellers
 

(national Statistical Office 
1982) and reliant on traditional subsis
tence food production. Nevertheless, these villagers also aspire to 

gain income from cash cropping within their traditional village
 
resource framework and at present provide over half the cash export
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income.
 

The rural population is, however, very unevenly distributed with
 
densities of up 
to 170 persons per km2 in the Chimbu 
to less than 1
 
person per km 
2 in the Western Province. Large areas, 
often with
 
considerable 
 scope for agricultural development, 
 are at present

virtually unused including many of 
the lowland footslopes and plains
 
of volcanoes and relatively well drained alluvial floodplains. Due to
 
this uneven distribution of the population a wide variety of cropping
 
practices is employed ranging 
from 
near permanent horticulture of
 
regularly composted land 
to 
long fallow shifting cultivation. Signi
ficantly, these 
cropping practices are also very closely adapted 
to
 
the environment 
conditions and result, even in 
densely populated
 
areas, 
in long term stability, despite the considerable use of moder
ately to 
steeply sloping terrain. For instance, in the Chimbu pro
vince 30% of the population lives on slopes in excess of 
30 degrees,
 
while a further 40% 
are found on slopes on 
20-30 deg. (Bleeker et al
 
1984). Given this very 
close environmental adaptation particular
 
attention needs to be paid to the physical resources in the evaluation
 
of the agricultural development potential of Papua New Guinea.
 
Village based Agriculture in PNG
 

The types and range of village food production and 
the villagers
 
ability to produce cash crops are 
also directly related 
to the physi
cal characteristics of the local environment. 
 For instance, in poorly
 
drained riverine environments, such as 
the Sepik floodplains, fish and
 
sago are the 
major sources of 
food and there is little scope to
 
produce coffee or palm oil.
 

With an 
annual population growth rate of 2.5%, food production is
 
either increased by intensifying the use 
of land and hence decreasing
 
the garden rotation cycle 
or by extension of 
the area of cultivation.
 
Because intensification of land use may result in land degradation and
 
reduce crop yields, 
resource evaluation for village based agriculture
 

needs to:
 

(1) incorporate population data
 
(2) account 
for seasonal differences in the quality and type of
 

food available
 
(3) recognize that 
some environments may not 
be suitable for the
 

production of cash crops
 
(4) determine 
 the limits to agricultural intensification in
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terms of land degradation, productivity and/or malnutrition.
 

When assessing land evaluation for village based agriculture it
 

is thus necessary to investigate the nature and distribution of the
 

natural resources, the farming systems applied to them and the popu

lation distribution and growth.
 

Methodology
 

It must be clear that the approach outlined in the previous
 

section requires investigations of a large number of interrelated
 

components. These components and their role in the organization of
 

the CSIRO/DPI project are given in Figure 1. In this section a brief
 

account of the major components will be given.
 

(I) Resource inventory
 

Basic environmental Information used in land evaluation requires
 

the mapping and description of land areas in PNG in terms and parame

ters related to agricultural productivity. While a substantial body
 

of knowledge on soils, landform and climate has been built up by CSIRO
 

and other PNG departments this has often remained unco-ordinated with
 

respect to assessment requirements.
 

An inventory of the resources Important to agriculture of the
 

whole country has been prepared at scale 1:500,000 and involved the
 

compilation, extrapolation and integration of largely existing re

source information. Some 4,800 resource mapping units (RMU's) have
 

delineated. An example of the North Solomons Province is shown in
 

Figure 2, while Figure 3 gives a description of an RMU in terms of a
 

set of parameters related to agricultural produ.tivity.
 

Soil information currently included in the Inventory is at the
 

U.S. Soil Taxonomy (USDA 1975) great soil group level, the classifica

tion currently used in PNG. However, apart from being very difficult
 

to understand by environmental planners, soil properties relevant to
 

the assessment of food production systems are not necessarily the same
 

as those used for soil classification systems. For this reason
 

knowledge of the classification unit (at Great Soil Group level) may
 

not always be the best information available on soils for fertility
 

evaluation and developing cropping systems. For instance, to identify
 

Alfisols, Ultisols and Oxisols, subsoil propecties (argillic or oxic
 

horizons) are used at the highest level of the classification, but 

topsoil* criteria will normally be much more important for fertility 

assessment. Therefore soils with very similar productivity ratings 
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PROVINCE 13 Madan 
 RMU NO. 114
 

DISTRICT 1 Rai Coast 
 LTS. 50 40 min. S.
 
DIVISIONS 
 LONG. 1460 30 min. E.
 

AREA 48 sq. km.
 

RESOURCE DESCRIPTORS
 

LAND FORM: Composite bar plains and fans
 

ROCK TYPE: Alluvial deposits
 

ALTITUDE: 0-600 m 
 RAINFALL: 2,000-3,000 mm
 
RELIEF: Negligible 10 m SOIL MOIST: Moderate and irregular
 
SLOPE: 
 2 degrees INUNDATION: Nil
 
STRUCTURE: none 
 WATER SURP: 1,000-2,000 mm
 

SOIL: Hapludolls
 

Weakly acid to alkaline soils with thick dark topsoils
 
Pelluderts
 

Dark clay soils having cracks remaining open for =90
 

days
 

Tropofluvents
 

Mainly well drained undifferentiated soils with high
 
( = 0.2%) or fluctuating or C to 125cm
 

VEGETATION: 
Crops and garden regrowth
 

Grassland
 

Medium-crowned lowland hill forest
 

POPULATION AND LAND USE 

TOTAL LAND USE: 29 sq. km. % USED 60% INTENSITY INDEX 0.41 
LAND USE INTENSITY: sq. km. 

1: 2: 7 3: 4: 14 5: 6: 8 
CASH CROPS: Some cash cropping associated with land 
use
 

ACCESS: Good
 

POPULATION TOTAL: 1525
 

DENSITY ON TOTAL AREA: 
 31.8 ON LAND USED: 52.6
 

Fig. 3. 
Example of Papua New Guinea Agricultural resource information
 
for r resource mapping unit, (RMU) in the Madang Province
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may be grouped into different soil classification units. Fortunately,
 

a considerable amount of analytical data of PNG soils covering a wide
 

range of environments Is already available in the form of a compendium
 

(Bleeker and Healy 1980). By using this information and data from
 

other sources the resource information system is being extended by
 

incorporating generalized classes (usually 3 to 5) of attributes given
 

in Table 1.
 

Table I - Attributed Incorporated In The Resource
 

Information System Which Are Considered Important
 

For The Assessment of Food Production Systems
 

SOIL ATTRIBUTES
 

o Erodibility 0 % total Nitrogen
 

o Effective soil depth 0 P-Retention 

o Stoniness/rockiness 0 Available P 

a Drainage 
 0 Exchangeable K 

o Texture (topsoil/subsoil) 0 pH 

o Mineral reserve 0 Salinity 

o Cation Exchange Capacity 0 AWC 

o Base saturation 

(ii) Population distribution and nut- tion
 

To determine the amount of land currently being used and the
 

adequacy of food pzoduction, the distribution of the population within
 

each RMU is needed. Every village listed in the 1980 National Census
 

(about 10,000 villages) has been located in the relevant resource
 

mapping unit to provide a basis for population analysis in relation to
 

agricultural resources.
 

Previo-s nutrition research has shown that malnutrition In
 

children could be statistically correlated with certain environmental
 

factors (Keig et al, in press). In collaboration with the PNG Insti
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tute of Medical Research, lists of villages 
and population numbers
 
within the major environments have been provided for the data base for
 
use as a sample frame for the recent National Nutrition Survey.
 

(iII) Farming Systems
 

Identification of 
the extent and intensity of current land use,
 
cropping practices and crops being cultivated in relation to resources
 
was required to determine 
the nature of present production systems,
 
their productivity limits and possibilities for improvement. 
A system
 
of land use mapping capable of indicating both the percentage area and
 
intensity of current 
land use has been developed. This mapping will
 
assist in the design of 
a sampling framework for a farming systems
 
survey which involves identification of resource use In relation to
 
crop distribution and horticultural practices.
 
* normally the 0-25 cm surface horizon
 

(iv) Crop Ecophysiology
 
To identify the potential of used and unused areas 
for particular
 

crops it is necessary to specify the ecophysiological requirements of
 
the main food and 
cash crops as indicated 
from the literature, a
 
survey of farming systems 
and previous agronomic experimentation.
 
Provided these requirements can be identified, 
the presently culti
vated food crops 
and possible other cultivars can be matched to the
 
resource information given for each RMU. 
Table 2 shows an example of
 
the environmental tolerances of 
sweet potato for which, together with
 
other major 
food and cash crops, information 
is being compiled in
 
compendium- (Hackett 1984) by literature search and survey of research
 
institutions.
 

Intergration
 

Development of a microcomputer based 
resource information system
 
was required 
to facilitate storage, interrogation and retrieval of
 
information 
 form all the previously discussed 
major components.
 
Although a large volume of data is involved, a relatively simple and
 
cost effective means of manipulation is needed to permit the system to
 
be established and used in PNG.
 

All information is held in 
an 
integrated form in a microcomputer
 

based resource information system.
 
This micro-computer information system provides;
 

(1) a standardized form of description
 
(2) storage of a relatively large volume of data
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(3) 	rapid correction, updating and later expansion of resource
 

data
 

(4) 	transferability and relatively low cost
 

(5) future assessment analyses of data for specific purposes
 

Methodologies and Land Evaluation
 

The most widely used techniques to establish the potential of the
 

natural resources of an area for agricultural production have their
 

origin in "western" temperate countries where optimal productivity is
 

viewed in terms of yield in relations to cost input and output.
 

Possibly the best known examples of these types of land evaluation are
 

the U.S. Bureau of Reclamation classification (1953) and Klingebiel
 

and Montgomery (1961) systems.
 

In Papua New Guinea early surveys adopted the Klingebiel and
 

Montgomery (1961) system In a modified form to include a land
 

capability assessment for tree crops and wetland rice. Subsequently,
 

however, a new land classification scheme specifically for application
 

in PNG was developed (Haantjnns 1969). This system provided suit

ability ratings for four distinct types of agricultural use, namely
 

arable crops, tree crops, improved pastures and wetland rice. Each of
 

the environmental factors considered (e.g. slope, drainage or flooding)
 

was given a rating (usually 0-5) and very individual factor rating was
 

assessed according to its individual suitability for each of the four
 

types of agricultural use.
 

Applying these methods, a land suitability assessment for re

source mapping units in the Chimbu Province haa been made, as presented
 

in Figure 4. It shows that, apart from some smell areas of dissected
 

fans, both the northern and central regions of the Province have a
 

(very) low potential for agriculture. This assessment can be explained
 

by the dominance of very rugged, steeply sloping terrain, of high
 

altitudes, and the frequent presence of shallow soils. It is only In
 

the southern part of the Province that there are large areas with a
 

moderate to high land suitability. These areas com,-se gently or
 

moderately sloping terrain with deep volcanic ash soils possessing
 

favorable physical properties, the only real limitation being their
 

low available P content and very high phosphate retention.
 

As shown in Figure 4, the actual pattern of land use Is often in
 

direct contrast to that which could be expected from the land suit

ability assessment. This Is clearly indicated by comparing the
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assessed land suitability and 
actual 
Intensity of cultivation. The
 
northern and central region, which Is classed as mostly unsuitable for
 
agriculture, occupies 
55% of the province, yet contains 95% 
of the
 
rural population. Conversely, the southern region, which is Judged to
 
be moderately to highly suitable, occupies 45% 
of area but holds only

5% of the population. The reason of 
this apparent disparity lies in
 
the selection of possible agricultural uses of the land classification
 
systems which, like virtually all 
other "western" systems, 
is biased
 
to 
commercial and plantation type agriculture.
 

Contrary to western farming techniques, village based agriculture
 
in PNG is mostly 
less concerned with maximizing yields than with
 
ensuring reliability and variety of production. 
While western systems
 
often apply modification techniques (e.g. 
fertilizer application,
 
contour ploughing, drainage improvement) the PNG systems 
are largely
 
based on adaptation rather than modification. For instance, in PNG's
 
commonly 
very wet climate gentle to moderately sloping terrain Is
 
often an advantage to the subsistence 
farmer because It facilitates
 
drainage.
 

New land evaluation methodologies will therefore have to be
 
developed in 
the project which will 
concentrate 
on the matching of
 
crop requirements with soil, land and climatic characteristics within
 
the subsistence 
farming systems. In particular, a new approach 
Is
 
needed to the 
identification 
of constraints 
to crops production in
 
which crop ecophysiological requirements 
are evaluated In such a way

that dynamic modelling rather than static 
matching of 
crop require
ments with land characteristic3 is possible.
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Table 2. Example of Environmental
 
Tolerances of Sweet Potato Crop profiles 79 

(after Hackett, 1984) 
rCWPpAW: 366 

Bon*ny Liems - hunian caAumtion 

English name: sweet Potato hincipall part conwenmd IPPC): tubers 

Family: Convolvulaceae Principal culinary use of PPC: wogesable 

Scientific name: Ipomoe bataras (L.) Lam. Nutrients present in PPC in substntial quantities: 

when fresh - starch, sugar, P-carotane 
after cooking -

Sexuality: hermaphrodite Toxicity of PPC (1 - 9): 3 

Plant type: vine, perennial I 

Autecology Uses - other 

Biological agent required for bearing? (1 - 5): 1 Suitability as shade for sub-storey crops (3 - 7): 3 

Humidity requirement: high or low acceptable Suitability as a windbreak (3 - 7): 3 

Nutrients: Other: animal feed or forage: soil improver -by
 
addition of organic matter
 

need for added major nutrients (2 - 8) -


N- 5
 
P- 5
 
K- 5
 
Ca . Agronomy 
Mg-

Most common propagule: ste-cutting; tubr
 
need for added minor nutrients (1 - 5) -


Requiremeat for physical spport (2 .): 2
 
Photoperiod requirement: LD or SD I
 

Skills needed:
 
Slowe uolerce (0): 

cownercial production (2 - 6) - 4
 
maximum - 1-5 domestic production (2-6)- 2
 
minimum - 0
 

Transplantm. requirement (2 - 8) - 6
 
Soil depth suitability (2 - 8):
 

Ye"r of first bearing - 1
 
befow 10 cm - 2
 

10-20cm - 4
 
21 - 40 cm - 8 Storage aid handling
 

40+ cm - 8
 
Bruising resistance (2 -8): 6
 

Soil pH suitability (2- 8):
 
Sensitivity to deep-freezing (3 - 7): 7
 

below 5.5 - 4
 
5.5-7.0 - 8 Storage life at 20 - 30 0 C (days after harvest):
 
7.1 -8.5 - 4 

Pathology (up to 3 pests, and severity of losses 

Soil texture suitability (2 -8): at 15 - 25 0 C in absence of protection) 

lo m, uniform - 8 1. Name: Rhizopus nigricar,
 
loan over clay -- 4 Type of organism: fungus
 
rocky soils - 2 Severity (3 - 7): 7
 
sand, uniform - 2
 
sand over clay - 4 2. Name: Cy/as formicarius
 
no solid medium - 2 Type of organism: arthropod 

Severity (3 - 7): 7 
Temperature (OC): 

3. Name: Herse con volvuli
 
base temperature - Type of organism: arthropod
 
favourable range - 20-28 Severity (3 - 7): 7
 
upper limit (day/night) 

frost sensitivity (1 - 9) - 7 Major production location (where such exists)
 
vernalization requirement (1 -5) - 1
 

Elevation (m):
 
Tolerances: Latitude:
 

Longitude:
 
drought (1 -8) - 7
 
flood (2 - 7) - 2 Ha/grower:
 
salt as spray (1 -9) - 2
 
salt in root zone (1 -9) - 2 Tonnes/ha/crop: 6-20
 
shade (1 - 5) - 1
 
wind (3 - 7) - 7 Tonnes/ha/year: 6-20
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Figure 4, Land Suitability Assessment for Resource Mapping

Units in the Chimbu Province (after Bleeker, et al, 1984)
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EVALUATING SOIL FERTILITY
 

by: J.T. Cope
 
It is appropriate 
that these presentations 
on soil taxonomy be
 

accompanied with 
some information 
on soil fertility and fertility
 
management. 
 The outstanding developments in
in soil classification 

recent years have been paralleled by improvements in fertility evalua
tion and use of fertilizers and soil amendments 
to correct deficien
cies. The two fields 
have not been as closely coordinated in many
 
areas as would be desirable.
 

Soil taxonomists go into great detail in sampling profiles and in
 
measuring and describing what they find in the field. 
 This is neces
sary for 
them to relate and classify soils 
from different sites or
 
geographic 
areas. However, 
some of the characteristics described 
in
 
such detail may not be 
of great importance in manrgement of soils for
 
agricultural production,
 

Soil chemists and fertility specialists have hand
on the other 

tended to work within the 
their own areas of Interests and soil asso
ciations in 
developing procedures for soil management. There is a
 
great need 
for more cooperation among specialists from all 
areas of
 
soil science in efforts 
to make results more useful 
to those who use
 
the soil for growing plants. 
This would be most useful for growers in
 
developing countries, especially in the tropics, where classification,
 
research and management programs have not been developed to 
the degree
 
of sophistication found elsewhere.
 

As pointed 
out by Buol and Couto (1978), classification systems
 
were 
developed using soil profile characteristics that 
are not easily
 
altered. 
 This necessitates concentration on subsurface layers, since
 
surface soils 
can be changed by 
erosion, plowing, fertilization and
 
other management practices. 
 Fertility management is dependent prima
rily on the surface layers because 
plants depend primarily on these
 
layers, and they are the only 
ones that can be altered to improve
 

fertility management.
 

Agrotechnology Transfer and Fertility Capability Classification
 

Discussion of the prlncip'es and 
examples of attempts 
at agro
technology transfer along with 
soil classification systems is also
 
appropriate. 
 The Benchmark program, now 
known as IBSNAT, and the
 
other transfer programs discussed in this program are 
all attempts to
 
extend 
the benefits of research 
at a few locations to other areas of
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similar soils and environmental conditions. In order to do this more
 

effectively, there Is a need for use of better systems of describing
 

soil characteristics that affect fertility and management.
 

Collaborators in the Tropical Soils Program of the North Carolina
 

Agricultural Research Service have developed a fertility capability
 

soil classification (FCC) system which is perhaps the best available
 

for use on tropical soils. Sanchez, Couto and Buol (1982) present a
 

system which describes factors that affect fertility such as texture
 

of surface, texture of subsoil, moisture regimes, CEC, al-saturation,
 

P-fixation capacity, K reserves, and others that may be used to extend
 

the values of classification. This system has been found to show that
 

individual FCC units cross lines of orders, suborders, great groups,
 

subgroups, or families in Soil Taxonomy. The number of FCC units in
 

an area is much less than Soil Taxonomy units, and these FCC units can
 

be used to improve fertilizer recommendations. Large scale maps using
 

FCC units can be used In assessing fertility problems and in land 

resource evaluation. 

There is a need for additional efforts of soil scientists in

volved in soil taxonomy and those In soil fertility to integrate the
 

two fields more completely in efforts to make reports more useful to
 

users of the soil.
 

Soil Testing for Tropical Soils
 

All who use soil for growing plants go through some degree of
 

fertility evaluation in deciding if they shall use supplemental
 

applications of fertilizers or manures to increase production above
 

levels that will be produced by the soil alone. Decisions involve
 

determination of the kinds and amounts of supplements that will be
 

added in each case. Need for increased accuracy in making these
 

decisions has led to development of sophisticated soil testing
 

programs in some areas.
 

The author's more than 30 years experience in association with 

soil testing in Alabama has led to a recent chapter on "Soil Testing" 

in Advances in Soil Science, Volume I published by Springer-Verlag 

(Cope, 1985). This chapter includes a review of recent literature on 

the subject including "Soil Testing and Plant Anal, sis" edited by 

Walsh and Beaton for the Soil Science Society of America in 1973 and
 

to be revised In the near future.
 

There is a great need for additional research on soil testing
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procedures, calibration, and 
fertilizer recommendations because 
this
 
area has been neglected in recent years among 
soil scientists. The
 
need is especially great for tropical soils where 
research has been
 
limited and where programs used in USA
the and other developed
 
agricultural areas 
have some limitations, and 
are difficult to apply
 
without 
research under tropical conditions. Research should include
 
efforts to integrate soil taxonomy and soil 
fertility evaluation on
 
unfertilized tropical 
soils. A list of references on soil fertility
 
evaluation for tropical soils can be found in the textbook "Properties
 
and Management of Soils in the Tropics" by Pedro A. Sanchez (1976).
 
Testing for Nitrogen (N)
 

Nitrogen fertilization is 
needed for production of satisfactory
 
yields 
on most soils. The capacity of soils 
to supply N is dependent
 

the kind and amount of organic matter in
on the soil and on environ
mental conditions such as temperature and moistuie the
that affect 

rate of release. Nitrogen is mobile 
in the soil and may be lost by
 
leaching 
ano in some cases by volatilization into 
the atmosphere.
 
Development of soil 
tests that will predict rates and amounts of 
N
 
released to growing plants have 
generally been unsuccessful. There
fore, most 2oil 
testing programs do not include 
a test for nitrogen,
 
but make general fertilizer recommendations based on the crop and
 
prevailing growing conditions. Such recommendations should 
be based
 
on long term field experiments with different rates 
of N where other
 
nutrients are supplied at adequate levels. 
 Some laboratories modify N
 
recommendations 
based on organic matter or 
organic carbon analyses
 
made on soil samples. Analysis 
for total N content of soils has
 
generajly 
been found to be poorly correlated with 
response in the
 

field.
 

Testing for Phosphorus (P)
 
Most soils of the tropics 
are low in P in the virgin state and
 

should be fertilized with 
P when put into crop production. Early
 
efforts 
to evaluate P supplying 
power of soils by total anilysis
 
showed that total P content was not a good indicator of the capacity 
of soils to supply P to growing plants. Much effort has gone into 
development of soil tests that would give reliable indication of 
amounts of "available" P that could be extracted, and Hn calliorating 
these amounts to responses to P fertilization in field experiments. 
Such extracting procedures are now widely used throughout the world in
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evaluating P supplying power of different soils. The capacity of some
 

solt, such as the oxisols, to fix applied P into relatively unavail

able forms has complicated calibration of soil tests. Use of proce

dures designed to measure P fixation capacity may be needed to
 

evaluate P status of some tropical soils.
 

The most commonly used procedures for predicting P needs have
 

been the Olsen, Bray 1 and 2, and the Mehlich I dilute double acid
 

extractions.
 

The Olsen (1954) O.5N NaHCO 3, pH8.5 extraction procedure perhaps
 

has the widest applicability. It is widely used on high CEC soils and
 

soils that are alkaline or have free CaCO The Mehlich I (1953)
 

extractant, .05N HCI+.025N H2S04, is used in the Southeastern United
 

States and In several countries in South and Central America. It
 

works well on acid, highly weathered, low CEC soils and is a good
 

extractant of calcium phosphates (Ca-P). The Bray I and 2 extractants
 

include different amounts of NH4F and HCI and are commonly used in the
 

north central United States. The Bray 2 is the stronger extractant
 

and is perhaps best for unfertilized soils low in P.
 

One of these procedures, when adequately calibrated with field
 

experiments under local conditions should be satisfactory under most
 

cropping situations. Use of one of these procedures on topsoil
 

samples by soil taxonomists in reporting data from unfertilized sites
 

used in classification would be highly useful to those interested in
 

soil fertility and management of soils of all classifications.
 

Present taxonomic data do not include analyses that indicate P
 

fertility status in most cases. It is recommended that soil
 

taxonomists give serious considerations to use of one or more of these
 

soil test procedures for P on unfertilized surface soil samples in
 

reporting chemical data in all soil survey reports. The procedure
 

used should be based on the soils involved, or the one which is being
 

used by soil testing laboratories in the area.
 

Testing for Exchangeable Cations - K, Ca, Mg.
 

Most soil testing laboratories use N ammonium acetate 7.0 to
 

extract exchangeable cations. This is the standard procedure to which
 

others should be compared. It is used in soil taxonomy for classify

ing soils and therefore presents adequate informa-ion on these
 

nutrient elements for use in soil fertility and soil management
 

considerations. Extraction of exchangeable cations requires a
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separate extraction 
from that used 
for 
P. The Mehlich extractions
 
have been used 
and calibrated 
for cations as well 
as P and some
 
micronutrients. 
 Olsen 
and Bray extractants have 
also been used for
 
cations in a 
few cases, but 
were not originally designed 
for these
 
extra tions. Potassium 
is the most important cation 
in fertility
 
coasiderations on 
most soils. Relatively 
few soils are deficient in
 
Ca or Mg, but in 
some cases these 
are determined 
to indicate total
 
cation content, or for calculation of ratios among the cations. 
 Data
 
on exchangeable 
cations in the 
surface soil 
included 
in soil survey
 
reports are generally adequate 
for fertility evaluation where cali
bration information 
is available. 
 Soil taxonomists 
should use 
the
 
assistance 
of soil scientists 
that are knowledgeable 
in fertility

requirements of 
crops on 
soils 
of the area surveyed. For example,
 
they should know 
that 1.0 milliequivalent of 
exchangeable K per 

grams of soil is 391 ppm, and 
that 0.2 meq/100 g may be adequate for
 
growth of 
many crops on sandy soils. 
 Clay soils with higher cation
 
exchange capacities may 
need 0.5 meq/100 g or more of 
K to supply
 
adequate amounts for 
 crops. Recommendations of
some 

fertilizer needs
 
of soils given 
in soil survey reports should be based on the best
 
fertility information available for the soils involved.
 
Testing for Micronutrients, B, Cu, Fe, Mn, Mo, and Zn
 

Soil testing for micronutrients is 
necessary only in 
areas where
 
crop deficiencies 
have been Identified 
in field experiments 
or are
 
indicated by deficiency symptoms or 
plant analysis. 
 The Olsen and
 
Mehllch extra!tants have been modified by addition of Chelating agents
 
for extraction 
of microrutrients in 
some 
areas. Generally, analysis

for most micronutrients 
is not justified in routine soil testing
 
programs. Micronutrient deficiencies are much more likely to 
occur on
 
high pH soils than 
on acid soils. Soil test 
calibration for micronu
trients requires exacting 
research and 
analytical procedures 
in the
 
laboratory, and should be supported by plant analysis and 
response in
 
the field. 
 Generally, recommendations 
can 
be made for specific crops

under certain soil 
situations more 
reliably than 
they can be based on
 
routine soil analysis. 
 Crops and varieties 
that are susceptible 
to
 
specific micronutrients 
deficiencies 
should not 
be used in some
 
situations, where these deficiencies are likely to 
occur and 
cannot be
 
corrected by reasonable rates applied 
tn the soil.
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Soil Test Calibration and Interpretation
 

Soil test data obtained In the laboratory are of little value
 

unless they have been calibrated to crop response in the field. Data
 

are available on "critical" or "adequate" soil test levels for proce

dures mentioned here. These published values should be used with
 

caution when extrapolated to soil, crop and climatic conditions that
 

are different from those where original data were obtained. This
 

means that field and laboratory correlation and calibration research
 

should be conducted vhcever a soil test procedure is used as basis
 

for making fertilizer recommendations.
 

A soil test value for any nutrients should be calibrated so that
 

it will provide the answer to two questions for the sample situation
 

involved. First,"is the level found adequate to grow the planned crop
 

or crop rotation at an acceptable level on this soil without addition
 

of the nutrient as a fertilizer?" Answers to this question are
 

especially important in developing countries where fertilizers, may
 

have to be imported and are expensive. A soil test that has been
 

calibrated to accurately indicate the level above which fertilization
 

will not be profitable would be of great value in any cropping
 

situation. Determination of this "adequate" soil test level can be
 

made with simple field experiments at as many locations as is
 

practical. These experiments should utilize the missing element
 

technique by beginning with a standard or optimum treatment including
 

an adequate amount of all nutrients that might be anticipated to limit
 

yield. Nutrients should then be omitted one at a time in the other
 

treatments to indicate which nutrients might be deficient. Soil test
 

and relative yield data on each nutrient such as P or K can be used to
 

develop a curve which will indicate the "adequate" level for the
 

conditions tested, as outlined by Cope (1975, 1985).
 

The second question that should be answered by each soil test
 

value is "If the soil test level is below the "adequate" level, how
 

much of the nutrient should be applied for most profitable crop
 

more
production?" Determination of the best rate to apply requires 


comprehensive experiments involving rates of nutrients on deficient
 

soils. Such experiments should begin with a standard or optimum
 

treatment receiving adequate amounts of all nutrients. Rates of
 

nutrients to be tested should vary from zero to three to five rates
 

extending above the level anticipated to be optimum. All other
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nutrients and production practices should be adequate for maximum
 
yields. Treatments should be replicated, generally three to four
 
times in randomized designs, in order to 
determine acceptable levels
 
of probability that responses obtained 
are significant. Soil samples
 
should be taken and the sites characterized as to original soil test
 
levels and taxonomic classification. It is desirable to keep such
 
rates experiments on the same sites for several years so that effects
 
of continued treatment or soil test 
lt-vels can also be determined.
 
Sequences of different crops can be used 
on such plots to determine
 

best rates for as many crops as possible.
 

Examples of how this can be done 
can be found in recent publica
tions by Cope (1984,85) which show relationships among Mehlich I
 
extraction for P and K and y~elds of cotton, corn, sorghum, soybeans,
 
and peanuts in long term experiments. Data presented also show
 
effects of continued application of specific rates of P and K for
 
extended periods up to 54 years 
on depletion or build up of these
 

elements In the soil.
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CURRENT SOIL FERTILITY STUDIES IN MICRONESIA*
 

J.L. Demeterio**
 

This presentation essentially deals with our 
on-going federally
 
funded Section 406 project which 
is an assessment of 
the fertility
 
status of the Agricultural Soils in Micronesia.
 

Although fertilizer availability has not been 
a problem, ferti
lizer usage in Micronusia has been at best arbitrary and knowledge of
 
the soils inherent fertility very limited. 
 No systematic research
 
has 
 been done in assessing the soil fertility 
status of the
 
agricultural 
soils of Micronesia. The Guam Agricultural Experiment
 
Station has on occasion received soil samples 
for testing from Yap,
 
Saipan and Pohnpei. Without 
the benefit of prior research work,
 
interpretation of 
 soil test results becomes difficult. The
 
establishment 
of a sound soil testing program which 
includes pot
 
(greenhouse) and 
field correlation 
studies to complement soil test
 
results, is warranted. 
This should pave the way for a more intensive
 
examination of 
the agricultural possibilities and stimulate crop
 
production in Micronesia.
 

Oceania, a geographical term, refers to the vast area within the
 
Pacific Ocean, (see 
map of The New Pacific). Oceania has three
 
principle subdivisions - Micronesia, 
Melanesia, and Polynesia.
 
Micronesia includes the Commonwealth of the Northern Mariana Islands;
 
the Republic of Bealau 
(Palau); the Federated States of Micronesia -
Yap, Truk, Pohnpei and Kosrae; and the Marshall Islands. Technically,
 
Micronesia also includes Guam, 
the Gilbert Islands, part of the
 
Republic of Kiribati, the Island 
of Nauru, and the United Kingdom
 
dependency of 
Ocean Island (Guam Annual Economic Review, 1982). 
 It
 
is interesting 
to note that Micronesia covers an 
area which exceeds
 

that of Mainland U.S.A.
 

Agriculture in Micronesia has been on 
a subsistence level with
 
food produce imported.
most The College of Micronesia which 
serves
 

Palau, Yap, Truk, 
Pohnpei, 
Kosrae, and the Marshall Islands, 
was
 
awarded Land-Grant status by the U.S. Congress in 1981. 
 This study
 

* Paper presented to the IX international Forum on Soil Taxonomy and
 
Agrotechnology Transfer, Guam, Sept. 
3 - 14, 1984.
 
** Associate Professor, University of Guam.
 

175
 



endeavors to include the Commonwealth of the Northern Mariana along
 

with the islands served by the College of Micronesia, in an effort
 

to assess the soil fertility of their agricultural soils.
 

The use of soil testing as the basis for fertilizer and lime
 

recommendations has long been used in the U.S.A., South America and
 

Europe. The use of soil testing in fertilizer usage has been given
 

excellent reviews by Sanchez (1976), DeGeuz (1973) and Davidescu and
 

Davidescu (1982), and Walsh and Beaton (1973). In tropical
 

countries, the approach developed by -he cooperative International
 

Soil Fertility Evaluation and Improvement Program (ISFEIP) is
 

presented as follows:
 

A soil fertility evaluation program involves several parts.
 
Soil fertility has to do principally with plant nutrient
 
elements and soil conditions. Evaluation is concerned with
 
levels oZ availability and nutrient balance in the soil,
 
including appropriate methods for assessing these factors (soil
 
tests, plant analysis, soil survey, climatic conditions).
 
Improvement involves the addition to the soil of fertilizers,
 
lime, manure, and other amendments in such quantities, at such
 
times in the season, and in such ways as to provide the optimum
 
nutrition environment for crop production. Thus, a soil
 
fertility evaluation and improvement program is site-specific
 
and situation-specific. It is the judicious use of information
 
for a specific field in which consideration is given to factors
 
that will influence yield, the capability of farmers, and the
 
availability of capital (ISFEIP, 1974).
 

Guam subscribes to the use of soil test results as the main
 

basis for fertilizer recommendations. A good soil testing program
 

basically includes the following phases:
 

1. Appraising and delineating the field prior to a systematir
 

sampling.
 

2. Soil processing prior to analysis
 

3. Soil chemical analysis
 

4. Soil test results interpretation
 

5. Recommendations
 

The soil test results by themselves are meaningless unlko.
 

prior research (correlation) was done. The widespread acceptance of
 

the U.S. Soil Taxonomy system is a boon to the use of soil testing
 

in fertilizer usage. The new system allows the use of data from
 

more technologically advanced countries with similar soils. For

tunately with the exception of the Commonwealth of the Northern
 

Mariana Islands, the soils in the proposed study have been clas
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sified according to the U.S. Soil Taxonomy System.
 
The Guam Agricultural Experiment Station has 
a soil chemistry
 

laboratory with sophisticated instrumentation for soil testing. 
 To
 
evaluate nitrogen fertilization, the organic 
matter content (via
 
organic carbon analysis) of the soil and the known nitrogen needs of
 
the crop are used. An on-going long term nitrogen source study
 
evaluates locally available material In an 
attempt to lessen
 
dependence on petroleum based 
 fertilizer nitrogen (Demeterio,
 
1975-1981). 
 The use of fresh leucaena leaves can effectively
 
substitute for ammonium 
sulfate. Phosphorus fixation and non
avLLability is magnified 
in highly weathered soils In the tropics
 
(Olson and Engelstad, 1972). The addition of 150 
kgm per
P205 

hectare to Guam clay soils ( a Lithic Ustropts-Park, 1978) testing
 
less than 2 ppm P 
 0.5M NaHCO 3 extract) has been found to be
 
adequate for tomato yiel.d. However, in an attempt to build up soil
 
phosphorus levels, 
the 	recommend rate has been 300 kgm per
P205 

hectare. 
Potassium has been shown to be sufficient on soil testing
 
75 ppm K (normal NH4OAc pH 7 extracc) in Guam. 
The 	use of chicken
 
manure (which is abundant in Guam) has been encouraged as a source
 

for micro-elements).
 

Guam is desirous to 
become self sufficient in agricultural
 
produce and all research has been towards 
optimizing yield, while
 
minimizing adverse environmental side effects. 
 With the scattering
 
of islands in the Micronesia, none bigger than Guam (543 square
 
kilometers), it is envisioned that the thrust 
will be towards
 

vegetable production.
 

The objectives of the study are:
 

1. 	 To establish a soil 
testing program in Micronesia.
 

2. 	 To determine the fertility of the agricultural soils
 
of Micronesia using the principles of soil testing.
 

3. 	 To conduct simple fertilizer trials on farmer's
 

fields.
 

4. 	 To develop soil test correlation data for fertilizer
 

recommendations wherein positive economic returns are
 
possible while minimizing adverse environmental
 

effects.
 

5. 	 To acquaint Micronesian personnel 
 in soils,
 
fertilizers, -ilizer usage.
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6. 	 To fit in the use of Soil Taxonomy in soil fertility
 

assessments.
 

We contacted the Chief of Agriculture in each island nation and
 

arranged for an initial visit. This was accomplished in November
 

last year (1983) and January this year (1984). Possible
 

experimental sites were visually evaluated and soil samples taken.
 

Soil test data for the experimental sites chosen are shown in Table
 

1. The Soil Taxonomy Classification of the experimental sites are
 

shown in Table 2. The proposed experimental set-up is shown in Table
 

3. This experimental design was followed in Yap and Pohnpel. The
 

experimental set-up in Palau, Truk, and Kosrae are shown in Table 4.
 

The latter experiments were adjusted based on Soil Test results and
 

plot size.
 

The soils of the experimental sites vary in Soil Taxonomic
 

attributes except the isohyperthermic temperature regime common to
 

all. The organic matter contents ranged from 2.25% (Yap) to a high
 

of 10.72% (Kosrae). The fertilizer nitrogen additions will be based
 

on organic matter content, crop needs, and agronomic practices i.e.
 

manure, legume fallow, etc. Phosphorus determination was by Olsen's
 

sodium bicarbonate method. Guam uses Olsens with the following 

parameters, 5 ppm - very low, 10 ppm - low, 15 ppm - adequate, and 

20 ppm P - high. Potassium was determined from a neutral normal 

ammonium acetate extract.
 

The field experiments were laid out in February and March using
 

Guam white field corn as the test crop. The following were
 

cooperators who oversaw the field experiments.
 

Yap - Clayton Anderson
 

Palau - Augustus Kadoi 

Truk 	- Ismael Mikhel 

Pohnpei - Roger Vega 

Kosrae - Glasstine Cornelius 

We are just getting the raw data and are not n a position to
 

present a statistical review of the initial results. It is noted
 

however that Yap yields were drought stressed while Truk and Kosrae
 

had wind/rain damage and rat problems, respectively.
 

This is a 3-year project and hopefully we can djust treatments
 

based on first year results. A common problem to all was the lack
 

of experimental space in the field. We have initiated a study in
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Guam where we are reducing 4 row plots 
to single row experimental
 

plots.
 

If anything this presentation should show 
to the rest of
 
Oceanea that we 
 in Micronesia 
are working 
towards maximizing

production and 
again hopefully can 
effect agrotechnology transfer
 
among islands using the U.S. 
Soil Taxonomy System. 
 We have a long
 
way to go.
 

Table 1. Soil Test Results of the Experimental Sites
 

Location 
 pH % O.M. P K Ca 
 Mg Zn 
 Fe Mn 
 Cu
 

Yap 7.40 2.25 2.5 16 
 5800 700 
 4 367 169 
 10
 
Palau 3 4.80 
 2.41 33.8 
 40 2200 83 
 16 40 
 12 19
 
Palau 9 
 7.25 4.81 37.7 
 75 5200 63 
 52 71 
 43 29
 
Truk I 
 7.78 6.03 49.9 
 115 7700 170 
 12 62 
 114 8
 
Truk II 7.68 
 3.35 26.1 133 
 8700 200 20 
 106 81 11
 
Truk III 5.55 4.35 
 4.4 55 
 3000 420 
 2 84 25 
 8
 
Pohnpei 5.51 
 6.03 7.7 35 
 640 44 
 7 184 29 
 16
 
Kosrae 
 4.45 10.72 
 3.9 70 
 2400 1080 
 20 1136 
 69 56
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Table 2. Soil Taxonomy Classification of the Experimental Fields In
 

Micronesia (Source - Soil Survey Reports, Soil Conservation
 

Service, U.S. Department of Agriculture).
 

Yap: Weloy - Rummmung complex
 

Weloy - clayey, skeletal, mixed, isohyperthermic
 

Typic Agruidolls
 

Rummung - clayey, skeletal, mixed, isohyperthermic
 

Lithic Tropudolfs
 

Palau: Aimellik - Palau complex
 

Aimelilk - very find, halloysitic, Isohyperthermic
 

Oxic Humitropepts
 

Palau-clayey, halloysitic, isohypcrthermic Tropeptic
 

Haplorthox
 

Truk: Dolen - very fine, mixed, isohyperthermic Typic Dystropepts
 

Pohnpei: Umpump - clayey, oxidic, isohyperthermic, shallow,
 

Plinthic Acrothox
 

Kosrae: Nansepsep - fine, mixed, nonacid, Isohyperthermic Aeric
 

Tropaqtepts.
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Table 3. Proposed Experimental Design to Test Response to N, P, K
 

Fertilization in Micronesia 

Field Experiment - Randomized Complete Block Design, 10 

treatments, 4 Replications
 

Fertilizer Added
 

Treatment N 
 P205 K20
 

No. 
 kgm per hectare
 

1 
 0 0 0
 
2 
 0 75 150
 

3 75 75 150
 
4 150 75 
 150
 

5 
 0 150 150
 
6 
 75 150 150
 

7 130 150 150
 
8 
 150 
 0 150
 

9 150 150 
 0
 
10 
 150 150 75
 

Note: Ideally rows should be 7 meters long and one meter apart.
 

There should be 4 rows per treatment plot.
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Table 4. Experimental Set-ups in Truk, Kosrae and Palau
 

(Randomized Complete Block Design)
 

Field experiments
 

Truk I. 0-0-0 

0-75-75 N split applied 

75-75-75 

150-75-75 

300-75-75 

II. 0-0-0 

0-75-75 N applied once 

75-75-75 

150-75-75 

300-75-75 

IIl. 150-0-150 

150-75-150 N applied once 

150-150-150 

150-300-150 

Kosrae 

0-0-0 

75-0-150 

75-75-150 

75-150-150 

Palau 

Plot 3 0-0-0 Split limed 

75-150-150 

150-150-150 

300-150-150 

Plot 9 0-0-0 

75-150-150 

150-150-150 

300-150-150 
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FORUM EVALUATION REPORT
 

by Dr. A. Schirmer
 
1. Evaluation:
 

o Organization and preparation of the Forum must be highly
 

commended.
 

o 
 I consider it a remarkable accomplishment that so many
 
specialists from different organizations and institutions
 

could be tapped as resource persons.
 
o 
 Further, resource persons shuald be commended for the
 

amount and quality of material that has been made
 
available to all participants. In addition, the papers
 
of speakers and the brochures should be sufficient
 

incentive for further studies.
 
o 
 To avoid complications in administrative and financing
 

process, I would strongly recommend for the future to
 
unify the procedures of budgeting and payment 
as well as
 
the rates to be paid by different sponsors.
 

2. Conduct of the Forum:
 

o Positive was the frequent shift from one speaker to 
the 

other who all employ different styles, and their strict 
maintenance of schedules ( - which on the whole was 

somewhat tight!) 

o The amoutnt of information given in compressed form was
 

considerable, most of which presumed substantial and
 

specialized preliminary subject knowledge, field
 
experience and understanding on the part of participants.
 
This might pose a problem in view of the rather
 

herterogenuous background and professional involvement
 
of participants. 
 I wonder whether all resource persons
 

were aware of this. 
 I also wonder whether all resource
 
persons-especially those with no experience and exposure
 
in developing countries 
-
are aware of how much capability
 
for abstraction and modification they demand from their
 
audience when examples of the former have to be related to
 
situations of the latter. 
The ov~rall-coordinator of the
 
Forum should probably emphasize more strongly the nee: 
for
 

pointing on differences, 
 limits of transferability,
 
alternative approaches under given technical, financial
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and manpower (- training) constraints. The exposure to 

"what is possible" should be well balanced against exposure 

to "what is feasible". 

o Considering the different knowledge, background and exposure 

of participants to Soil Taxonomy it might be worth 

considering to change the sequence of modules in the Forum 

in that the presentations of the last 3 days were made at 

the beginning to 

- set an operational framework with regard to the 

objectives of the Forum 

- create a common understanding of the various 

areas/subjects which will be discussed. 

- have a reference basis when the subjects are 

further refined towards the purpose and 

techniques of Soil Taxonomy. 

o In the present concept of the Forum, it appears that the 

range of information given reflects a high degree of 

specialization and sophistication but is little qualified 

in terms of applicability and usability in the different 

Pacific Islands under various time horizons. Moreover, the 

technical aspects dealt with during the better part of the 

Forum make it difficult for the considerable number of 

administrative people to absorb, understand and properly 

place this information for their respective needs. 

o This diversity among participants - obviously expected on 

the basis of admission criteria in the invitation - has 

probably prevented a more active and frequent involvement of 

theirs during the 4 field visits, where the benefit of 

learnings seems to have gone primarily to the resource 

persons. 

0 It might be advisable to match the technical part of the 

program with an invitation to technical people and 

parallel design a separate course or module for 

non-technical people. 

o Concluding from the time allotment given to agrotechnology -

transfer, this subject - though interesting - h.d apparentiy 

minor importance within the concept of the Forum. 

It might be worthwhile to enlarge this portion for the 
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benefit of participants from developing countries who are
 

amenable to appropriate transfer.
 
3. Assessment: 
 The Forum has certainly copfxibuted to the efforts
 

of thp SMSS in creating a wider understanding of
 

the intentions in Soil Taxonomy, the
 

differentiating criteria, the data and Information
 

needed. Whether the participants --particularly
 

from the 'non US' - Pacific Islands, to whom this
 

activity was addressed - are by now scientifically
 

or technically able to undertake what they were
 

taught is lacking proof.
 

The appropriateness and the applicability within
 

the priority list of problem solving in the
 

various islands has not been much discussed,
 

especially in terms of practical-applicability
 

outside pilot projects with foreign aid and staff.
 

It is strongly felt and recommended that follow-up
 

activities for the Pacific are 
needed, addressing
 

3 distinct target groups with different purposes:
 

I. on policy makec level "to 
create awareness"
 

for the positive impact of Soil Taxonomy
 

on agricultural production, the minimum
 

requirements (technically, manpower wise,
 

financially) for its invention and
 

application.
 

2. laboratory - and field technicians to train
 

them in the respective techniques.
 

3. university staff and extension workers to
 

teach them in approaches of disseminating
 

the relevant results of Soil Taxonomy to
 

the respective users.
 

AS/n
 

14..09.84
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FORUM EVALUATION REPORT
 

by R. Munlappau, Guam
 

1. 	 The Forum has been well organized and conducted.
 

2. 	 At the end of the first day and in the middle of the Forum,
 

participants reactions should be sought, so that the resource
 

people could adjust their method of presentation to suit the
 

participants.
 

3. 	 Because of communication problems in the Pacific, the request for
 

nomination of participants should be initiated at least six
 

months ahead of the scheduled date of the Forum.
 

4. 	 To maintain continuity of the subject matter, the organizers
 

should suggest the name(s) of the individuals in eazh country.
 

Nomination papers should be with the organizers at least two
 

months ahead of the scheduled Forum.
 

5. 	 Funding comiltment should be received at least three months ahead
 

of the scheduled Forum to facilitate travel arrangements.
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FORUM EVALUATION REPORT
 

by Frank Cruz, Guam
 
The overall response 
to this Forum is indicative of 
the efforts
 

that were put into the Forum. 
I take the liberty to say that everyone
 
has responded favorable to the forum, both in its organization and its
 

presentation.
 

The materials presented 
were quite technical 
and some subjects
 
quite detailed. 
 The use of handouts, slides 
and other teaching aids
 
made the presentations 
easier to understand. 
 The field trips and
 
actual field description excercises helped relate the concepts and use
 
of soil taxonomy. 
 I think the examination 
of more pedons (this may
 
not be possible given 
the length of the Forum and 
the many subjects
 
covered) could increase the use and understanding of soil taxonomy.
 
The section on Agrotechnalogy transfer was quite new and impressive to
 
me. I would like 
to have gone over this subject in greater detail.
 
The understanding of 
this topic could be 
enhanced by the addition of
 
reference material such as 
those provided for soil taxonomy.
 

I found this Forum very rewarding and quite challenging. 
 I would
 
encourage you to continue holding forums of this nature 
especially in
 

the Pacific Region.
 
The use 
of Lab information in taxonomy is extremly critical. 
 In
 

this light I think more time 
should be spent working with these data.
 
Not only do 
we need to understand 
how the data are derived, but we
 
also have to 
learn how to use 
the data. 
 I think that more exercises
 
involving 
the necessary calculations 
and manipulation of 
these data
 
would enhance the use of soil taxonomy.
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Recommendations of the Forum
 

1. 	 Realizing that the major constraints to efficient utilization of
 

time, money and lack
the soil resources of the Pacific Region are 


of trained personnel, and appreciating the fact that
 

Soil Taxonomy provides a common language and can act as the
 

vehicle for agrotechnology transfer between countries, the
 

participants of the Forum strongly recommended that a fourth
 

Forum be organized in the region in 1985. This Forum will have
 

as its theme soil fertility.
 

The Forum recommended that the 1985 meeting be held in Apia,
 

Western Samoa.
 

Proposed - Ike Sagaga, Western Samoa
 

Seconded - Taalo Lauofa, American Samoa
 

2. 	 Training:
 

Proposed by Jose A. Cruz (Guam), seconded by Ishmael Mikel (Truk
 

State, FSM). This Forum recommends that the countries of the
 

South Pacific promote the training of personnel in soil
 

classification, making and interpreting soil surveys for
 

It also
agrotechnology transfer and agricultural development. 


recommends that the existing tertiary educational institutions
 

(i.e., Fiji Institute of Technology, Fiji College of Agriculture,
 

the South Pacific Laucala and Alafua Campuses,
the University of 


Papua New Guinea, University of Technology (Lae), Lae Technical
 

College, University of Papua New Guinea and the University of
 

Guam) develop curricula in these subject matter areas. The
 

purpose of these training programs is to enable the trainees to
 

use a common language for sharing agricultural knowledge and
 

experience gained in different parts of the Region.
 

3. 	 Analytical support and strengthening:
 

Proposed by Clayton Anderson, (Yap), seconded by V. Seru, (Fiji).
 

This Forum recognizes that an increasing use of Soil Taxonomy and
 

the growing intensity of soil survey throughout the Region will
 

severely strain the existing analytical facilities, and strongly
 

recommends that these existing facilities be adequately supported
 

in terms of both skilled personnel and funding.
 

the D.M. Leslie
4. 	 Following participants favorable response to 


ptcposal for an Oceania Benchmark Sites Netvork for
 

Agrotechnology Transfer (OBSNAT), and the subsequent discussions
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on the proposal participants recommended that a rivised OBSNAT
 

proposal be prepared and presented to the 1985 SPC Regional
 

Directors of Agriculture meeting, with the objective of
 

attaining acceptance in principle for OBSNAT at 
that meeting.
 

Proposed - Pita Taufatofua, Tonga
 

Seconded - Frank Cruz, Guam
 

5. In recognition of the valuable information on 
soils and land use
 

available through the Soil Management Support Services (SMSS),
 
Forum participants recommended that they receive from SMSS all
 

future literature on a continuing basis. 
 They also recommended
 

that participants from the three Pacific Soil Taxonomy Forums
 

receive copies of USDA approved revisions and modifications to
 
Soil Taxonomy. It was recommended that USDA endeavor to process
 

modification proposals at 
a faster rate than as 
at present.
 

Proposed - Dave M. Leslie, New Zealand
 

Seconded - Jose A. Cruz, Guam
 
6. In regard to 
the need for regional literativc documentation and
 

communicat~on, participants recommended that the libraries of the
 
University of Guam and the University of the South Pacific
 

jointly establish a data center for available regional
 

information in the fields of agronomy, land use, forestry, and
 

crop and soil science.
 

Proposed - Sailas Henry, Ponape
 

Seconded - Jose A. Cru:, Guam
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CLOSING REMARKS
 

By: Dr. Wilfred P. Leon Guerrero
 

Dean/Director
 

College of Agriculture and Life Sciences
 

University of Guam
 

Thank you John.
 

I hope that you had a pleasant two weeks on Guam despite the fact
 

that it was rough in the classroom. If it is any consulation, think
 

about this. While to many of you, this is your first trip to Guam,
 

you came and Guam was a complete stranger to you. After two weeks,
 

you know more about Guam soils than the vast majority of us who have
 

lived here most of our lives.
 

I would like to express my thanks to Harry, John, Ike and other
 

members of the organizing committee for giving us an opportunity to
 

host the Forum. We have had international events in the past in the
 

college. But, the intensity and magnitude of past events cannot
 

compare to this particular event.
 

The experience has been tremendous. We thank you for it.
 

I cannot say enough thank you's to financial supporters of the Forum.
 

I am particularly grateful to Annette Schirmer of the German
 

Foundation for International Development. Unlike the other financial
 

supporters, Annette was not part of the planning effort in preparation
 

for the Forum.
 

Not only was she not part of the planning effort, but we also had
 

changed plans on her. And even with all the changes, she still came
 

through with her financial support. To you Annette and the 'erman
 

Foundation for International Development, we express our thanks.
 

Lastly, as I look around the room, I would like to point a finger at
 

somebody. I would like to recognize the one person responsible for
 

all of us being at this room at this time.
 

This person felt strongly and committed to the idea that the
 

Forum shoud be held at the University of Guam campus. So much so that
 

he was able to convince the planners of the Forum and the UOG
 

administrators of the Idea.
 

Ladies and Gentlemen, may we please have a great big hand for Dr.
 

Jefren Demeterio, Forum Coordinator.
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THE SOILS OF GUAM
 

by Fred Young
 
Soil is a natural, three-dimensional body on 
the earth's surface
 

that supports or is capable 
of supporting plants. Physical and
 
chemical processes have 
determined its morphology. These processes
 
have resulted from the interaction of five 
factors - parent material,
 
climate, 
living organisms, topography, and time. Differences 
among
 
soils can 
be traced to differences in 
one o- more of these factors.
 
This paper briefly describes and discusses the major soils 
on Guam in
 
relation to 
the factors of soil formation. Soil series names should
 
be considered as tentative and subject 
to change at this point.
 
Taxonomic criteria and placement are not included 
in this discussion,
 
but are included elsewhere in this volume 
for most of the soils
 

mentioned here.
 

Thirteen different soil series can 
be used to describe the vast
 
majority of Guam's soil 
landscape. When considering these soils, it
 
is helpful to 
separate them into three broad groupings:
 

i. Soils on volcanic uplands
 

2. Soils on limestone
 

3. Soils on bottomlands
 

These groupings reflect the 
importance of 
parent material and
 
topography to soil formation on Guam. 
 These groupings are a practical
 
method for learning and remembering the various soils, but 
should not
 
be considered as 
a formal classification, 
as the groupings are not
 

mutually exclusive.
 

The distribution of these three groupings is shour, in fig. 1.
 
Soils over limestone are on the north and central parts of the island,
 
along the southeast coast, Orote Peninsula on the west coast, and on 
the summit and ridgeline of the highest peak on the island, in the 
south. Volcanic soils occupy most of the southern portion of the 
island with three 
small outcroppings in the 
north. Bottomlands are
 
mainly on central and southern valleys, coastal plains and beacnes, 
as
 

well as a few northern beaches.
 

Volcanic Soils
 

There are five 
major volcanic soils. One 
is formed in alluvial
 

slopewash, two are 
formed from deeply weathered saprolite, and two are
 
formed from less weathered, more resistant soft bedrock.
 

The Akina and Atate soils 
are both deep, well drained soils in
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Figure 1.
 

General Soils Map of Guam
 

I. Soils on volcanic uplands 3 

2. Soils on limestone
 

3. Soils on bottomlands
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deeply weathered saprolite. 
 Texture is clay, although they don't feel
 
as clayey 
as the lab data indicate. Both are 
 strongly acidic
 
throughout, with pH between 5.0 and 5.5. 
 Both have thin, dark reddish
 
brown A horizons, dark red 
argillic B horizons 
and multicolored 
but
 
generally red saprolitic C horizons. 
The difference between these two
 
soils is the depth to the 
saprolitic substratum: Akina is less than
 
100 cm and Atate is over 100 cm. 
 Atate soils have 
a thicker B
 
horizon, and usually a thicker A horizon, than Akina.
 

Why is the variability in 
depth to saprolite so great that two
 
soils are needed to describe this variability? Several hypotheses can
 
be made when considering the factors of soil 
 formation. The
 
parent material 
of both soils appears to be the same, but there is
 
considerable variability within the saprolite. 
Akina and Atate soils
 
often occur 
in very close proximity 
and can be observed together in
 
some roadcuts. Variability in ease of weathering of the saprolite may
 
account 
for some of the variability in argillic 
horizon thickness
 
which differentiate these soils.
 

Climate is relatively uniform 
and does not account for the
 

differences among soils.
 

Living Organisms may be 
an important factor 
 in some areas.
 
Although both Akina 
and Atate soils occur under both grassland and
 
forest, the forest is 
generally dominant 
on the 
deeper Atate soils.
 
There is 
less erosion in forested areas 
than in grassland areas. By
 
stabilizing the surface and decreasing the rate of erosion relative to
 
grasslands, forested sites 
may develop thicke: 
subsoils. Surface
 
horizon development 
is also more pronounced under 
forest vegetation.
 
Thus forest vegetation, by decreasing the adxerse 
effects of the
 
climate on the topography (ie high rainfall eroding the steep slopes),
 
can affect the time during which soil 
formation can take place. 
 The
 
soil is stable for 
a longer period of time under forest vegetation,
 

and can develop a deeper profile.
 
Topography is also important in some areas. 
 Where t.- deep Atate
 

soils 
occur under grassland vegetation,, they 
arc usually on gentle
 
slopes. These areas, like the 
steeper forested areas, 
are more stable
 
and less subject to erosion.
 

No single factor consistently 
 accounts for the differences
 
between Akina 
 and Atate soils. Differences 
 in parent material
 
weatherability and slop stability (time) as 
influenced by living
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organisms and topography are the important determinants.
 

The Agfayan soils are the shallowest of the volcanic soils.
 

These well drained, clayey soils are less than 50 cm thick over soft
 

bedrock. They are typically very dark greyish brown throughout,
 

although some deeper pedons have brown and yellowish brown subsoils.
 

Soil pH is about 6.0 to 7.0.
 

Closely associated with the Agfayan soil is the deep Sasalaguan
 

soil. This is a very sticky, high shrink-swell clay soil which is
 

underlain by soft rock below 100 cm. The A horizon is dark brown and
 

the B horizon is dark red with pale brown mottles along the pores and
 

ped faces. The mottles are an indication that the soil is saturated
 

with water for periods of time during the rainy season. Soil pH
 

ranges from about 5.5 to about 6.5.
 

The Agfayan and Sasalaguan soils have physical and chemical
 

properties that are distinctly different than the Akina and Atate
 

soils.
 

The Agfayan and Akina soils will be used to illustrate these
 

differences, as they are the dominant soils on the landscape.
 

Physically, Agfayan soils are much darker and stickier than the Akina
 

soils. The yellowish brown soft bedrock substrate of the Agfayan soil
 

is much harder than the red saprolite which underlies the Akina soil.
 

Table I shows some of the chemical and mineralogical differences
 

between the top 10 cm of typical Akina and Agfayan pedons. The data
 

show the Akina soil to be higher in "free" iron and in kaolinite, with
 

a lower CEC, pH and base saturation than \gfayan. This indicates
 

that the Akina soil is more highly leached and weathered than the
 

Agfayan soil. Time, topography, vegetation and climate are all very
 

similar between the two soils. Parent material is hypothesized as the
 

soil forming factor responsible for the differences between Akina and
 

Agfayan.
 

The Agfayan parent material, although part of the same geologic 

mapping units as the Akina parent material is higho- in bases and more 

resistant to weathering than the Akina parent material. 

The Togcha soil is the fifth major upland volcanic soil, and is 

formed in alluvial slopewash. This deep clavey soil is well drained, 

dark red and strongly acid, with a massive, friable substratum. 

Togcha soils are on gentle footslopes and broad basins. Highly eroded
 

of Akina soils are the source of the parent material for
upslope areas 
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Table 1. Comparison of mineralogical and four chemical characteristics
 
for the top 
10 cm of the Akina and Agfayan pedons.
 

Analysis 
 Akina Agfayan
 

Fe, meq/1009 10.3 
 1.8
 

CEC-7, meq/1009 28.9 
 60.3
 

pH 
 5.0 
 6.4
 
Base Sat., % 55 96
 

Kaoliniue % 
 42 
 13
 

Iron (Fe) is by dithionatecitrate, CEC is by ammonium acetate, pH
 
is in 1:1 soil: water, base saturation is by ammonium acetate,
 
and mineralogy is by DTA (clay fractin only).
 

the Togcha 
soil. Thus, topography controls 
the distribution of 
this
 
soil. Tochga soils 
are younger than the surrounding upland Akina
 
soils. This difference in 
age is reflected morphologically by 
the
 
greater structural development and clay movement in 
the older Akina
 
soil. Chemically, the Tochga 
soil has the characteristics 
of a
 
younger soil with a higher CEC than the Akina soil (Table 2). 
 The age

difference 
 is also reflected 
 in the mixed montmorillonitic 
 -

kaolinitic clay mineralogy of Togcha versus 
the dominance of kaolinite
 

in the Akina soil.
 
Table 2. Comparison 
of the CEC by Ammonium Acetate for 
Akina and
 

Togcha pedons.
 

Depth, cm 
 Horizon 
 CEC-7
 

meq/1009

Akina Togcha 
 Akina Togcha Akina 
 Togcha
 
0-10 0-12 
 A 
 A 28.9 35.3
 

10-20 12-27 
 Btl 
 Btl 20.7 29.1
 
20-40 27-35 
 Bt2 Bt2 
 15.9 25.6
 
40-60 35-70 
 Bt3 Bt3 
 11.3 35.5
 
60-100 70-80 
 C 
 C1 19.5 34.3
 

80-105 
 --- C2 
 ---- 46.7 
110-150 105-150 Cr 
 C3 16.7 45.1
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Soils over Limestone
 

There are 5 major limestone influenced soils. Two are formed
 

limestone, and 3 have formed over argillaceous
over relatively pure 


limestone which contains volcanic clay inpurities. Each group
 

contains shallow and deep members. The argillaceous group contains
 

two deep soils, one well drained and one moderately well drained.
 

The "pure" limestone soils are the Guam and Yigo soils. Both are
 

well drained, permeable soils with gibbsitic mineralogy. Both have
 

thin dark reddish brown A horizons and dusky red clayey B horizons.
 

The Guam soil is less than 25 cm to hard limestone. Guam is by far
 

the dominant soil on the landscape and covers most of the northern
 

plateau of the island. Yigo soils are in depressins. The Yigo soils
 

are the most highly weathered, leached soils on the island, with a
 

very low CEC oxic horizon.
 

The origin of the parent material of the Guam and Yigo soils is
 

open to question. The limestone substratum is too pure and too young
 

to have weathered and produced even the shallow Guam soils. Because
 

of this, many speculate that the soil material is of volcanic origin,
 

laid down as ash on the surface of the limestone. Yet there is a
 

close correlation between substration and soil type; argillaceous
 

is
limestone does not underlie Guam soils. If the parent material 


volcanic ash, then it was deposited on argillaceous limestone and
 

volcanic material as well, and for some reason developed differently.
 

Drainage may be an important factor; argillaceous limestone is not as
 

permeable as the pure corral.ine limestone which underlies the Guam
 

soil.
 

The argillaceous limestone soils are the shallow Pulantat soil
 

and the deep Chacha and Saipan soils. These soils are mainly in the
 

central part of the island, and along the southwest coast.
 

50 cm deep to argillaceous
The Pulantat soil is less than 


a very dark A horizon
limestone. It is well drained and clayey, with 


and a brown, gravelly B horizon. S-1l pH is slightly acid to slightly
 

alkaline.
 

The Chacha soil is deep and moderately well drained, with periods
 

of saturation during the summer/fall rainy season. Soil pH is
 

slightly acid at the surface to slightly alkaline with depth. A
 

horizon color is dark brown and argillic horizon colors are dominantly
 

strong brown. Manganese concretions are abundant In the profile,
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often at or near the surface. White mottles are along pores and ped
 
faces below 100 cm, along with yellowish red mottles adjacent 
to the
 
white 
mottles and in the matrix. The manganese and mottles 
are
 
indicators of seasonal wetness.
 

The Saipan soil is deep and well drained. It occurs on the same
 
gently rolling limestone landscape 
as the Chacha soil, but is often
 
topographically higher 
or on convex slopes. Texture is clay, and pH
 
is near neutral. The A horizon is dark reddish brown and the argillic
 
horizon is yellowish red to strong brown. 
 Pcdons which are dominantly
 
strong brown are generally less weathered, as indicated by a higher
 
CEC and lower free iron content. These strong brown pedons are higher
 

In clay as well.
 

The difference in parent material between the 
Guam and Pulantat
 
soils is apparent from the physical and morphological properties 
as
 
well as the clay 
 mineralogy characteristics. 
 Guam soils are
 
gibbsitic, whereas Pulantat soils 
are mixed kaolinitic and montmovil
lonitic. 
 This is reflected in the shrink-swell properties as measured
 
by the COLE (coefficient of linear expandibility) values. 
 Guam soils
 
have subsoil COLE values around .09, 
whereas two different Pulantat
 
pedons have subsoil COLE values of 
.17 and .22, respectively. The
 
higher subsoil CEC of Pulantat is also an indicator of mineralogical
 
differences: one Pulantat pedon has a subsoil CEC of 
60.6. The Guam
 
subsoil CEC of 26.3 is attributable mostly to the 
very high organic
 

carbon content.
 

If, as discussed earlier, an ashfall blanketed both the pure and
 
argillaceous limestones, 
then something in the respective limestones
 
has caused soil development Soil
to proceed in different directions. 

drainage may be one cause. The argillaceous limestone is less per
meable than the pure limestone, because the pores and crevasses are
 
filled with clay. 
 As silica became soluble during the rapid weathering 
of the volcanic assh, it may have been effectively leached from the 
soil into the pure, permeablei limestone. Thus the low-s-ilica gibbsitic 
clay of the Guam soil was forned. In the Pulantat soils, the silica 
was not rapidly leached and was incorporated into kaolinitic clay, 
which was already dominant in the argillaceous impurities. 

Table 3 compares the 3 deep limestone seils: Chacha, Saipan and 
Yigo . As drainage improves and permeab iity increases, a number of 
morphological, physical and chemical changes take place. The drainage 
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sequences in this case may be due more to parent material than to
 

topography as all 3 soils are in low, level to concave positions.
 

Mottles and manganese concretions disappear as drainage improves
 

from Chacha to Saipan. In addition, color hues become redder.
 

In the Yigo soil, hues become still redder, and structure becomes
 

finer and more granular. Kaolinite decreases and gibbsite increases
 

along the sequence. Free iron increases from Chacha to Saipan, but 

levels off with Yigo. CEC decreases in the sequence, 

Chacha-Salpan-Yigo. 
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Table 3. Clay mineraology, free iron and 
CEC for 3 deep limestone
 
soils: Chacha, Saipan, and Yigo. 

Chacha 
Horizon Depth (cm) Color Mineralogy 

Ap 0-20 

Btl 20-58 

Bt2 58-80 

Bt3 
 85-110 


Bt4 
 110-160 


* also includes IOYR 8/1 

Horizon Depth (cm) 

Ap 0-15 


Btl 
 15-*45 


Bt2 
 45-70 


Bt3 
 70-100 


Bt4 
 100-140 


Bt5* 105-140 


10 YR 3/3 KK60;GI 1 


7.5YR 5/6 
 -

7.5YR 5/6 KK52;GI 1 


5YR 4/6
 
7.5YR 5/6 
 -

2.5YR 4/8
 
7.5YR 5/6* KK73;GI 1 


albans.
 

Color 


5YR 3/4 


5YR 4/6 


5YR 4/6 


2.5YR 4/6 


2.5YR 4/6 


5YR 4/8 


*15% o' pedon at this depth.
 

Horizon Depth (cm) 

AP 0-15 

Bol 15-40 

Bo2 40-70 

Bo2' 70-100 

Bo2'' 100-130 

Bo2''' 130-160 

Color 


2.5YR 3/4 


1OR 3/4 


lOR 3/6 


IOR 3/6 


1CR 3/6 


IOR 3/6 


Saipan
 
Mineralogy 


KK34;GI 9 


-" 


KK20;GI 18 


-

-

KK33;GI 6 


Yi go
 
Mineralogy 


GI 67 


-

GI 67 


-

-

GI 46 


Iron CEC 

9.9 

11.0 

10.1 

24.0 

17.0 

16.2 

10.1 16.9 

10.3 19.2 

Iron CEC 

11.7 

14.4 

11.3 

15.8 

16.0 

12.7 

22.3 

6.9 

5.0 

4.3 

3.1 

9.2 

Iron CEC 

14.1 

14.0 

15.6 

14.2 

13.9 

13.8 

14.1 

3.7 

4.4 

2.7 

2.2 

2.5 

For mineralogy, KK=Kaolinite and GI 
= gibbsite; numbers 
are percent of
clay fraction. 
 Iron is by dithionate-citrate. 
 CEC Is by c-monium
 
acetate, and is meq/100g soil.
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Bottomland Soils
 

There are three major bottomland soils. One is a strandline
 

soil and is sandy. The other two are both clayey and seasonally wet,
 

and are distinguished mainly by their pH. Other bottomland soils are 

present cn Guam but are not extensive. 

Shioya is the strandline soil, and is formed in water deposited 

sand. The sand is derived from the carbonaceous skeletons of corals,
 

algae and other organisms. The Shioya soil is deep and well drained,
 

with a dark brown loamy sand surface and a very pale brown sandy
 

substratum. The soil is mildly alkaline throughout and is high in
 

soluble salts.
 

Parent material and topography are the most important soil
 

forming factors at work on the Shioya soils. Shioya occurs only
 

along the coast in a narrow strip, Proximity to the ocean accounts
 

for the high salt content. The sandy parent material allows for free
 

drainage, in contrast to the other clayey bottomland soils.
 

Inarajan and Ylig are the principle soils of the valleys and
 

coastal plains on Guam. Both are formed in alluvial clays and both
 

are saturated during the late summer-early fall rainy season. The
 

seasonal wetness is expressed morphologically by both low-chroma
 

mottling (i.e. dull blues and grays) and high-chroma (bright) iron
 

accumulacins along pores. Both have a hummocky micro-topography in
 

some places. Both Inarajar and Ylig soils have dark, very sticky
 

surface horizons.
 

The main difference between these two soils is their pH and
 

position on the landscape. Ylig soils are strongly acid, and occur in
 

upper valleys and steep slopes. Ylig soils are derived entirely from
 

volcanic alluvium, and are often closely associated with the well
 

drained, volcanic Togcha soils. Inarajan soils are mostly near sea
 

level in the wide valley mouths and coastal plains of southern Guam.
 

Although most of the Inarajan profile is probably volcanic in origin,
 

limestone and marine sedimirt'-s have also contributed. Soil pH is near
 

neutral to mildly alkaliie.
 

There are several other bottcmland soils which are of interest
 

but are not extensive. In some areas Inarajan soils have strata of
 

sand, probably derived from adjacent Shioya soils during typhoons.
 

A few areas have a permanent high water table. ooils in these
 

areas are mottled to the surface and have gleyed substrata. The Agana
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..amp behind downtown Agana is the only area on the 
island with
 
organic soil. In this case vegetation is the parent material, and the
 
soil is composed almost entirely of well-decomposed reeds and sedges.
 

SUMMARY
 

The soils of Guam can 
 be roughly grouped into limestone,
 
volcanic and bottomland soils. There 
 are five major volcanic
 
soils; one in alluvium, 
two in deeply weathered, oxidized saprolite
 
and two on soft bediock. Differences among these soils 
can be
 
traced primarily to 
parent material and topography. There are also
 
5 major limestone soils, which be
may subdivided into soils over
 
argillaceous limestone and soils 
over "pure" limestone. Each has
 
shallow and 
 deep members. Differences among these soils are
 
discussed, and parent material 
and topography are hypothesized as
 
the important soil forming factors 
 which account for these
 
differences. Of the three 
 major bottomland soils, two are
 
seasonally wet soils in valleys and one 
is a sandy strandline soil.
 

Notes on pedons observed during Forum field trips
 

(listed on order of observation)
 

TAXONOMIC PLACEMENT
 

Name/pedon # Subgroup 
 Family
 

Yigo - 009 Tropeptic Eutrustox 
 Clayey; gibbsitic isohyperthermic
 

007
 

Guam- 016, Lithic Ustorthent 
 Clayey; gibbsitic, isohyperthermic
 

006,001
 

Atate - 011 Ultic Haplustalf 
 Very fine, oxidic, isohyperthermic
 
Saipan - 010 Ultic Haplustalf 
 Fine,oxidic, isohyperthermic
 
Agfagan -002 Udic Haplustoll 
 Clayer, shallow, montmomillonitic,
 

isohyperthermic
 

Gu5m 

variant-001 Lithic Ruptic oxic 
 Clayer, oxidic, isohyperthermic
 

Haplustalf
 

Akina-003 Udic Rhodustalf 
 Very fine, oxidic, isohyperthermic
 

004
 
Togcha-014 Ultic Paleustalf 
 Fine, oxidic, isohyperthermic
 

Chacha-008 Oxic Paleustalf 
 Very fine, kaolinitic,
 

isohyperthermic
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Notes on pedons observed during Forum field trips
 

(listed on order of observation)
 

TAXONOMIC PLACEMENT
 

Name/pedon # Subgroup Family
 

Yigo - 009 Tropeptic Eutrustox 

007 

Guam- 016, Lithic Ustorthent 

006,001 

Atate - 011 Ultic Haplustalf 

Saipan - 010 Ultic Haplustalf 

Agfagan -002 Udic Haplustoll 

Guam 

variant-001 Lithic Ruptic oxic 

Haplustalf 

Akina-003 Udic Rhodustalf 

004 

Togcha-014 Ultic Paleustalf 

Chacha-008 Oxic Paleustalf 

Clayey; gibbsitic Isohyperthermic
 

Clayey; gibbsitic, isohyperthermic
 

Very fine, oxidic, isohyperthermic
 

Fine,oxidic, isohyperthermic
 

Clayer, shallow, montmomillonitic,
 

isohyperthermic
 

Clayer, oxidic, isohyperthermic
 

Very fine, oxidic, isohyperthermic
 

Fine, oxidic, isohyperthermic
 

Very fine, kaolinitic,
 

isohyperthermic
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Notes on Pedons Observed on Field Trips in Order of Observation
 

Wed. Sept. 5, i..M.
 
The group spent 
the morning on the 
island's northern 
limestone
 

plateau, at 
the farm of Fred Quitugua. Fred explained that he uses
 
deep irrigation, 
careful fertilizer placement and 
foliar micronu
nutrient sprays to produce a variety of warm season vegetables.
 

Yigo (pedon 009)
 
This deep, rather featureless 
soil occurs in depressions 
on the
 

limestone plateau. 
 This soil 
is well drained in spite of 
 its
 
low-lying position, due 
to 
the moderately rapid soil permeability and
 
the porous nature of the underlying coralline limestone.
 

Morphology of 
the B horizon is typical 
of an oxic horizon. No
 
clay films are present, and 
although the 
horizon appears massive 
in
 
place, the horizon has a very fine subangular blocky structure.
 

Referring to 
the lab data, it was noted 
that clay dispersion was
 
poor. Organic carbon in the 
third (40  70 cm) horizon is anomalous,
 
and may not be correct. Mineralogy of the clay fraction is gibbsitic,

but for placement in 
a gibbsitic family Soil Taxonomy specifies 
that
 
the whole soil (less than 
2 mm) be dominantly gibbsitic. Thus the
 
silt and sand 
fractions must 
be gibbsitic as well. 
A rough lab test
 
was run during 
the Forum to determine gibbsite based on water 
loss
 
upon heating. From this 
test it was 
estimated that 
the Yigo soil is
 
roughly 86% gibbsite on a whole soil basis.
 

Since 
Yigo soil is gibbsitic, the silica 
content is very low.
 
Silica 
is soluble at the alkaline pH of limestone, 
and during soil
 
formation silica was 
leached out 
of the profile.
 

The limestone in 
this area is relatively pure. 
 It is possible
 
that this soil developed from volcanic ash which was 
deposited on 
the
 
limestone. 
 Most 
of the soil material 
was probably 
not formed In
 
place, but has 
eroded from the surrounding slopes 
and accumlated 
in
 
the depression.
 

Guam (pedon 016)
 

This very shallow soil 
covers most of the 
northern half 
of the
 
island. 
 The lab data show very poor clay dispersion.
 

Although the Guam soil is highly weathered, it must be classified
 
as an Entisol 
due to the very shallow (less than 
25 cm) depth to
 
limestone bedrock. 
However, the limestone 
contact is commonly jagged

and irregular, thus the soil depth ranges 
from about 10 - 50 cm on the
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landscape. This phenomenon gave rise to an interesting taxonomic
 

discussion, which is summarized here.
 

For the depth range given (10 - 50 cm), three separate soil 

orders are possible. Soils less than 25 cm deep are entisols 

(Ustorthents). Soils from 25 to about 40 cm deep have a B horizon 

thick enough to qualify as a cambic horizon, and thus are inceptisols
 

(Ustropepts). Soils from 40 - 50 cm deep have B horizons which are 

over 30 cm thick, and thus may qualify as oxic horizons. These soils 

would be Eutrustox. To further complicate matters, the irregular 

limestone boundary may fluctuate above and below 25 cm within the 

pedon. In this case, the cambic horizon would be ruptic (broken). 

Such a pedon could be classified as a Lithic Ruptic-Ustropeptic 

Ustorthent. 

Friday, Sept. 7
 

The group spent the entire day examining pits in southern Guam.
 

Lunch was at the recently-built Inarajan shores restaurant.
 

Atate(pedon 011)
 

This pedon is in Cotal Conservation Area, where various forest
 

tree species are being tested and utilized for reforestation of
 

Southern Guam's extensive grasslands.
 

Before examining the pedon, Peter Melyan told the group about 4-H
 

(youth group) involvement in the reforestation program. Carlos Noquez
 

answered questions about the age and performance of various tree
 

species.
 

The Atate soil is generally found on forested slopes and
 

relatively stable plateaus n southern Guam. It is not an extensive
 

soil, and is closely associated with the shallow Akina soil.
 

The lab data for particle size on this pedon are very difficult
 

to interpret. The high 15 bar water content/clay ratio indicates that
 

clay dispersion was poor. However, if the formula of 2.5 x 15 bar
 

water is used to calculate the clay percentage, other problems arise.
 

Most horizons have a 15-bar water content of over 40%; thus the
 

calculated percentage of clay would be over 100 percent, which is, of
 

course, absurd. A possible reason for the high 15-bar water is
 

indicated by the high pH in NaF (sodium fluoride). Values above 9.4
 

indicate the presence of amorphous material, which retains large
 

amounts of water. Thus we have a soil in which the percent clay is
 

virtually impossible to measure accurately by standard lab procedures.
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The oxidic mineralogy 
causes poor clay dispersion and measured clay
 
values which 
are too low; the amorphous material 
causes the soil to
 
retain much 
water at 15 bar pressure, thus calculated clay 
values
 

based on this are 
too high.
 

For the purpose of the exercise, the soil was classified using
 
the measured clay percentages. The 
soil has an argillic horizon,
 
based on the increase in clay from the A to the 
B horizon and the
 
presence of thin, patchy clay films. 
 Some people commented that water
 
films on ped 
faces made clay film distribution difficult 
to observe.
 
In this case, intact peds should be 
taken to the office and air dryed
 

for clay film observation.
 

An alternative classification for 
this pedon is placement in the
 
oxic subgroup. This is 
based on the assumption that measured clay is
 
too low; if clay percentage is assumed 
to be around 75 percent, the
 
CEC/clay ratio would be 24 
or less.
 

Saipan (Pedon 010)
 

This soil formed from impurities in the argillaceous limestone of
 
the area. Erosion has caused 
 this material to accumulate in
 
depressions on 
the rolling limestone plateau.
 

The Saipan soil has 
a well developed argillic horizon, with 
some
 
clay films differing in color 
from the soil matrix. Measured clay
 
from the lab data was 
used to classify the pedon, although it should
 
be noted that dispersion was not 
uniform between horizons. Thus the
 
decrease in clay from 
the Btl to the Bt2 horizon may not be real.
 
Field texture 
does not indicate a clay decrease. If cl-cy 
does not
 
decrease in the B horizon, the soil will be in 
the pale great group.
 

Agfayan (Pedon 002)
 

This pedon is memorable 
for several reasons. We examined 
the
 
soil immediately after 
a very satisfying lunch, during which some
 
participants were seen to be 
imbibing modest quantities of beer. The
 
afternoon sun was blisteringly hot, with no 
shade, no breeze and very 
high humidity. Thus the discussion ranged from lethargic drowsin 
to spirited conviction. The Haplustol] 
 great group was easily arrived
 
at, but a classic taxonomic battle ensued over the vertic subgroup 
criteria. Many complained bitterly over the confusing 
double-negative, either/and/or format of the vertic criteria. The
 
conclusion was that 
the soil is too shallow (less than 25 cm) to
 

qualify as vertic.
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It is surprising to note that even in this low-oxide
 

montmorillonitic soil, clay dispersion was poor. This is probably due
 

to the presence of saprolite, which does not disperse well.
 

Guam Variant (Pedon 001)
 

This pedon is on the Inarajan Agricultural Experiment Station. A
 

power auger was used to dig the pit, thus penetrating the coralline
 

limestone bedrock and revealing a 40 cm wide dissolution pit or tube
 

Into the bedrock. For simplicity only the dominant lithic portion of
 

the pedon was classified. A thin argillic horizon is present which
 

Hari Eswaran considers to be similar to the "beta" horizon in older
 

soils literature. This horizon is a phenomenon of soils over
 

limestone in which clay is dispersed and becomes mobile in the upper
 

part, and moves down through the profile until it is flocculated and
 

precipitated as it nears the high-calcium carbonate, high-pH
 

limestone.
 

This pedon is notable as one in which adequate clay dispersion
 

was obtained in the lab, in spite of the very high oxide content.
 

Calvin Saruwatari explained the automated weather station present
 

on the site, which was installed this year with the technical
 

assistance of Ike Ikawa, and is to be used in the IBSNAT experiments.
 

Saturday, Sept. 8
 

Two pedons were observed in the morning at the site of the
 

university's new Ija Experiment Station.
 

Akina (pedon 003)
 

This pedon represents the dominant soil on thc volcanic southern
 

Guam landscape. A well-expressed argillic horizon is present, with
 

thick continuous clay films and a prismatic structu-e which parts to a
 

finer blocky structure. Of particular significance are the exped
 

roots which follow prism faces but do not penetrate the soil matrix.
 

The soil is in the rhodic great group due to the red colors. It was
 

noted that Rhodustalfs are known for being highly erosive. This
 

correlates well with the severely eroded southern Guam land ..pe.
 

The description and lab sampling failed to recognize the
 

significance of the thin 2 cm surface layer. This is the horizon from
 

which clay has been removed; the argillic starts immediately below
 

this. Because the A horizon was sampled to 10 cm, the lab data do not
 

snow the clay increase.
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Togcha (pedon 014)
 

This pedon is directly downslope from 
the Akina pedon, and is
 
formed in alluvial slope wash derived from the slumping and subsequent
 

erosion of the Akina soils.
 

Like the Akina pedon, the Togcha pedon has a very thin granular A
 
horizon which was 
not sampled separately. Thus 
the lab data do not
 
show the clay increase which is actually present.
 

The Togcha soil has 
a weakly expressed argillic horizon. Below
 
70 cm no clay films are 
present, and soil structure Is massive with
 
weak stratification. 
 However, 
because the material is preweathered
 
and deposited as a clay, 
no clay decrease occurs 
between the argillic
 
and the parent material. 
 Because of this, the soil must be classified
 
in the "pale" great group. 
 This is an unfortunate placement, as
 
"pale" denotes old, highly weathered very stable soils. 
 Some criteria
 
must 
be found to separate these young Alfisols formed in clayey
 
alluvium from the deeply weathered Alfisols of old, stable landscapes.
 
Monday, Sept. 10 Chacha (Pedon)
 

Our final pit was the most interesting, most confusing and most
 
controversial. 
 The Chacha soil is 
in depressions on 
the argillaceous
 
limestone landscape. 
 We had to wait as a backhoe dug a fresh pit; 
the
 
original pit, dug 2 weeks earlier, was 
filled to 
the brim with water.
 
As we examined the fresh pit, 
the water table slowly rose from 160 
cm
 
to about 130 cm 
2 hours later. This of 
course prompted the question,
 
"where is the actual 
water table?" Some claimed that it was 
at the
 
surface; others claimed that the first pit was 
filled with runoff, and
 
the actual water table was 
below 100 cm. 
 I reLurned to 
the area about
 
five hours later; 
the water table was at 120 cm.
 

The outstanding features of 
this soil are the conspicuous masses
 
of iron-maganese nodules and concretions above 
100 cm, and the deeper
 
white and red colors which 
occur as elongated seams, the white often
 
encased by 
the red. Lab sampling indicates that 
the white material,
 
relative to 
the red, Is lower in iron, higher in clay and has a higher
 
CEC.. Presumably 
all of these features 
are the result of seasonal
 
wetness. However, 
 the black maganese concentrations 
 are not
 
recognized as aquic criteria by 
Soil Taxonomy. Thus the 
taxonomic
 
placement does 
not reflect the seasonal wetness which 
characterizes
 

this soil.
 

207
 



The red seams, indicative of iron accumulation, may eventually
 

develop into placic horizons.
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Series: Yigo 
 NSSL ID# 84P0216
 
Soil Survey: #S83GU-066-009
 
Location: 
 Guam, North central part of F. Quituguas' farm about 3 km
 

N of Yigo Village

Latitude: 1
130 33' 0" N Longtitude:144' 54' 10' E

Physiography: Depression in limestone plateau

Slope Characteristics: 1% 
 Elevation: 160 m MSL
 
Precipitation: 2600 mm 
 MLRA: 180

Water Table Depth (cm): over 150 Permeability: Moderately rapid

Drainage: 
 Well drained
 
Parent Material: Sediments overlying coralline limestone

Classification: 
 Clayey, gibbsitic, isohyperthermic Tropeptic Eutrustox
 
Diagnostic Horizons: Oxic horizon
 
Described By: 
 F. Young & J. Demeterio Sample Date: 10/83
 

B horizons have a granular micro-structure. Colors are 
for moist soil.
 

Ap-O to 
15 cm; dark reddish brown 
(2.5 YR 3/4) silty clay; moderate very
fine granular structure; friable, sticky, plastic; 
common very fine and fine
 
roots; many very fine tubular and interstitial pores; about 15% sand-sized
black iron-manganese nodules 
which rub down to silty clay; 
slightly acid;

abrupt smooth boundary.
 

Bol--15 to 40 cm; dusky red (10R 
 3/4) silty clay; moderate very fine
subangular blocky structure; 
very hard, very friable, sticky, slightly

plastic; common 
very fine roots; many very 
fine and few fine interstitial

and tubular pores; few thin pressure faces in pores; 
some organic staining in
pores; about 15% 
sand-sized black iron-manganese nodules which rub down 
to
 
silty clay; neutral; diffuse smooth boundry.
 

Bo2-40 to 70 cm; dark 
red (1OR 3/6) silty clay; moderate very fine
subangular blocky structure; very hard, very friable, sticky, plastic;

fine roots; many very fine 

few
very and few fine interstitial and tubular pores;
some organic staining in pores; few thin pressure faces in pores; about 15%
sand-sized black iron-manganese nodules which rub down 
 to silty clay;

neutral.
 

Bo2'-/0 to 100 cm; silty clay. 
 Morphologically identical 
to Bo2 horizon.
 
Separated for sampling purposes.
 

Bo2"-100 to 130 cm; 
silty clay. 
 Morphc' gically identical to Bo2 horizon.
 
Separated for sampling purposes.
 

Bo2'''-130 to 160 cm; 
silty clay. Morphologically identical 
to Bo2 horizon.
 
Separated for sampling purposes.
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OTCL----------------------------
SAMP E RZN SAND/SILT ---------------------------FA RE ------------ X-RAY--------- (---DTA--)-) (- (TOT ANAL)L Y. . . .S~.E H. -  - -SADSIT-----------------E--------------------------NO. NO. 7BIA 

--

7BlA 7BIA 7BlA 7BlA 7BIA 7BlA CLAY------------------7B1A 7BlA 0---F
7B1A 7BIA 7A2I
-------------------------- 7A21 7A21 7A21 7A21PCT ------------------------------ 7A3 7A3 6Q3A 6C7A> <---- RELATIVE AMOUNTS------ > <------- PCT ---------- >84P1126 1
84P1L27 2 I 4 HE 1 G167*84P1L28 3 0.1 14.6 

GI 4 E 2 G167* 0.0 16.684P1L29 4 
84P1L30 5 
84P1 L31 IF 

GI 3 GE 2 G146* 0.0 16.7 

ANALfSES: S=ALL ON SIEVED < 2mm BASIS
 

MINEIALOGY: FA = FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GI -GIBBSITE HE = HEMATITE GE - GOETHITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 
 3 MODERATE 2 SMALL 
 1 TRACE
 

' INERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: 
 .
 

FAMILY PLACEMENT:
 

COMMENTS:
 

* FOR LS THAN 2 mu SAMPLE GI - 67 PCr (841126); GI = 67 PCT (84P128): GI = 46 PCT (84P1130) 

http:CP84G.05
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YIGO S tJ(,(,-06b -t'u o DA1F ll/zl/t'4 PtDON 140. 84P 216 NATIONAL SOIL SURVEY LABORATORY 

-1--2-- -3-- -4-- -5-- -b- -- o--9--

-1----------------------------------------------------------- ------------------

-10- -11-

---------

12- -13- -14- -15- -16- -17- -18- -19- -20

20 

SAMPLE 
NO. 

HZD 
NO. 

(- NRitAC EX'IRAC'i 
CA MG NA 

535A 5135A :135h 
6N2P bO2D 6P2.h 
<------------

ibL1" tASIS -) 
K SUM 

5ibA ;PS ES 
L02D 

EQ/ 

ACID-
1TY 

6'6A 
100 -

FXTR 
AL 

6G6'A 
--

(- - - -CEC 
Stil Nil4-
CAIS uAC 
SAJA 5S8b 

--- - - - -

- - -} 

BA SF 
+ AL 
5A31 

-- > 

AL 
SAT 

5(;I 
< 

-mASf-
Slit-

5C3 
-C 

AT-
N1t14 
OAC 
5C1 

T 

CO3 AS RES. 
CAC03 OHMS 
<2MM /Cm 
6EIG 8E 

> 

COND.(- -PH -

MMHOS NAF CACL2 

/Cm .01M 
I SCID 8CIF 

1:2 

- -) 

H20 

8ClF 
1:1 

8411zb 
841127 
841126 
841129 
841130 
841131 

1 
2 
3 
4 
5 
6 

9.4 
2.3 
1.u 
1.1 
0.9 
0.8 

1.0 
0.4 
0.3 
0.2 
0.1 
0.1 

0.1 
0.1 
O.J 
0.2 
0.2 

TL 

0.2 
--

--

--

--

--

1U.7 
2.e 
2.2 
1.5 
1.2 
0.9 

13.6 
9.0 
9.2 
8.8 
9.4 
8.0 

24.3 
11.8 
11.4 
10.3 
10.6 
b.9 

14.1 
3.7 
4.4 
2.7 
2.2 
2.5 

U4 
24 
19 
15 
11 
10 

76 
76 
50 
56 
t5 
3b 

8.3 
9.0 
8.9 
9.0 
9.0 

9.0 

5.8 
6.4 
6.5 
6.3 
6.2 
6.3 

6.5 
6.8 
6.9 
6.8 
6.8 

6.9 

SAMPLE 
NO. 

HZN 
NO. 

- -MINERALOGY - - ---- - - ) 
- CLAY -) 

(---- X-RAY -- - (-- -DTA - ) TOTAL DOM 
(----- <2U .-- )- -<2U - -) RES WEATH 
7A2I 7A2I 7A2I 7A21 7A3 713 7BIA 781A 
<- RELATIVE AMOUNTS -> - -PCT - - - -> 

, 

841126 
841127 

841128 
8141129 
841130 
841131 

1 
2 
3 
4 
5 
6 

GI 4 

GI 4 

tI 3 

HE 1 

HE 2 

GE 2 

G167* 

G167* 

G146* 

FAdILY CONTROL SECTION: DEPTH 25-100 PCT CLAY 25 PCT .1-75MM 22 

ANALYSFS: S= ALL uti SILViD <211M BASIS 

MINEPiALOGY: KIND OF MINERAL GI GI BBSITE HE HEMATITE GE GOETHITE 

RELATIVE AMOUNT b INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERP.TE 2 SMALL 1 TRACE 

* FOR LESS THAN 2 mn SAMPLE GI= 63 PCT (841126); GI= 71 PCT (841128); GI= 75 PCT (841131). 



-------------------------------------------------------------------------------

--------------------------------------------------------------

------------------------------------------------------------------------------

Page 3 of 4
 

N S S L
 

S U P P L E M E N T A L D A T A S H E E T
 

YIGO 
 S83GQ-066-009
 

P (- -ACID OXALATE- -) (15-PAR WATER)
RETENT AL SI FE 

DRY MOISTSAMPLE HZN * * * * 4B2A 4B2B
 
NO. NO. < ------ PCT OF <2MM- ---- > <-  -PCT- - ->
 

84 1126 1 
 0.6 -- 0.5 27.4 28.1

84 1127 2 
 0.5 -- 0.8 28.1 30.3
84 1128 3 
 0.5 -- 0.9 29.2 31.0

84 1129 4 
 0.4 -- 0.8 30.3 32.3
84 1130 5 
 0.4 -- 0.6 31.0 32.6
84 1131 6 
 0.4 
 -- 0.6 31.0 33.1 

• Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. 
 Soil Bureau
 
Laboratory Methods. 
 A. Methods for Chemical Analysis of Soils. New

Zealand Soils Bureau Scientific Report 10A. 
Dsiro, New Zealand.
 



SERIES: Yigo NSSL ID #: 84P0214
 
SOIL SURVEY # S83GU-066-007
 
LOCATION: Guam. Northestern part of Fred Quitiguas farm.
 
LATITUDE: 13-33-20-N LONGITUDE: 144-54-00-1
 
PHYSIOGRAPHY: Depression in limestone plateau
 
SLOPE CHARACTERISTICS: 2 % concave ELEVATION: 0160 m MSL
 
PRECIPITATION: 2600 mm Xeric moisture regime MLRA: 180
 
WATER TABLE DEPTH: > 150 cm PERMEABILITY: Moderately rapid
 
DRAINAGE: Well drained LAND USE: Cropland
 
STONINESS
 
PARENT MATERIAL: sediments overlying corallline limestone
 
CLASSIFICATION: Clayey, gibbsitic, isohyperthermic Tropeptic Eutrustox
 
DIAGNOSTIC HORIZONS: 28 to 93 cm Oxic
 
DESCRIBED BY: F. J. Young and J. L. Demeterio SAMPLE DATE: 10/83
 

Pedon is adjacent to Guam Variant 006. Unusual physical properties were
 
noticed, characteristic of this soil series; although consistence is very
 
friable, slightly sticky and slightly plastic, soil clings temaciously to
 
digging implement. Upon drying in sun, soil clods are very hard.
 

Ap--0 to 28 cm; silty clay; dark reddish brown (2.5YR 3/4) moist; weak
 
very fine subangular blocky structure and weak very fine granular structure;
 
hard, very friable, slightly sticky, slightly plastic; few very fine roots; few
 
very fine tubular and many very fine interstitial pores; moderately alkaline;
 
abrupt smooth boundary.
 
Few fine limestone pebbles. Few irregular pieces of Bol horizon mostly in low
 
part.
 
84PI112
 

Bol--.28 to 50 cm; silty clay; dusky red (10R 3/4) moist; moderate very
 
fine subangular blocky structure; very hard, very friable, slightly Pticky,
 
slightly plastic; gibbsite coats on faces of peds; few thin clay films in root
 
channels and/or pores; few very fine roots; few very fine tubular and many very
 
fine interstitial pores; mildly alkaline; diffuse smooth boundary.
 
Weak plowpan in upper 10 cm. Friable in upper part.
 
84P1113
 

Bo2--50 to 75 cm; silty clay; dusky red (10R 3/4) moist; moderate very
 
fine subangular blocky structure; very hard, very friable, slightly sticky,
 
slightly plastic; gibbsite coats on faces of peds; few thin clay films in root
 
channels and/or pores; few very fine roots; few very fine tubular and many very
 
fine interstitial pores; mildly alkaline; diffuse smooth boundary.
 
Separated for sampling purposes.
 
84PI114
 

Bo3--75 to 93 cm; silty clay; dusky red (10R 3/4) moist; moderate very
 
fine subangular blocky structure; very hard, very friable, slightly sticky,
 
slightly plastic; gibbsite coats on faces of peds; few thin clay films in root
 
channels and/or pores; few very fine roots; few very fine tubular and many very
 
fine interstitial pores; mildly alkaline; abrupt wavy boundary.
 
Few small pockets of soil with strong very fine granular structure and loose
 
consistence. Slightly darker color, immediately adjacent to the limstone
 
contact.
 
84PI115
 

R--93 to 98 cm; weathered bedrock; white (10YR 8/2) moist; reddish yellow
 
(5YR 6/8) black stains on faces of peds.
 
Very porous. Derived from coral. Surface can be chipped with difficulty.
 
84P1116
 

214 
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SOIL SURVEY # S83GU-066-007
LOCATION: Guam. Across fence from NW corner of Fred Quitiguas farm.
LATITUDE: 13-33-20-N
PHYSIOGRAPHY: Depressions in limestone plateaus 
 LONGITUDE: 144-53-50-SLOPE CHARACTERISTICS: 1 % 
 ELEVATION: 160 m MSL
PRECIPITATION: 
 2600 mm Xeric moisture regime 
 MLRA: 180
WATER TABLE DEPTH: > 150 cm 
 PERMEABILITY: Moderately rapi
DRAINAGE: Well drained
 
STONINESS

PARENT MATERIAL: 
sediments overlying coralline limestone material
CLASSIFICATION: Clayey, gibbsitic, isohyperthermic Tropeptic Eutrustox
DIAGNOSTIC HORIZONS: 
 17 to 50 cm Oxic
DESCRIBED BY: F. J. Young and J. L. Demeterio 
 SAMPLE DATE: 10/83
 
Represents 
a Yigo pedon undisturbed by cultivation. 
Only the A and upper B
horizons were sampled for comparison with pedon S83GU-066-007.
 

O1--3 to 0 cm; undecomposed organics.
Not sampled. Mat of 
live roots some soil granules and oranic litter.
 
A--0 to 
17 cm; silty clay; dark reddish brown (2.5YR 3/4) moist; modera
fine granular structure on surface grading abruptly to weak very fine subangu
blocky; very friable, slightly sticky, slightly plastic; many very fine, fine
and medium and common coarse roots; many very fine tubular pores; clear smoot


boundary.
 
84P].117
 

Bol--17 to 50 cm; silty clay; dusky red (10R 3/4) moist; moderate very
fine subangular blocky structure; very friable, slightly sticky, slightly
plastic; gibbsite coats on faces of peds; 
few thin clay films in root channels
and/or pores; 
few very fine roots; many very fine tubular pores.
Auger boring indicates depth to limestone is greater than 150
morphological change was evident. 
cm. No


Not sampled below 50 
cm.

84P13.18 

215
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YIGO 
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SAMPLED %S:- IN', t,j:, IIC, 1SO11YIFt'1;i:Rt.IC ThOVEPI4C IITRISTOX 

FINAL 
S d3(;C-06b -007 DATE 11/21/b4 SAiiPLE lit). 44Pl1l2-lllt 0. S. DEPARTMENT 0? "-QRICULTURE 

PEDON NO. tS4P 214 SOIL CONSERVATION S-: '.'CE 

GUA. PRUJECT NO. 84P 37 NATIONAL SOIL SURVEY LABORATORY 

LINCOLN, NEBRASKA 68508 
GENERAL ME1I1OD5 1 1,A 271, 26 

-1-------- -- --------------------------------------------------------------------

(- - -TOTAL - - -) (- -CLAY- -) (- -SILT- -) (- ----- SAND- - ) (-COARSE FRACTIONS(M)-) (>2Mn) 

CLAY SILT SAND YINE Cu3 FINE COARSE VF F M C VC - - - - WEIGHT - - - - WT 

SAMPLE HZN DPPTH 11'-,17jN LFr .002 .05 LT LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT OF 

NO. Nu. (cm) .002 -. 05 -2 .0002 .002 -. 02 -. 0t -. 10 -. 25 -. 50 -1 -2 -5 -20 -75 75 WHOLE 

<------------ PCT OF <2MH (3A1) ----------- > <- PCT OF <75MM(3B1)-> SOIL 

84111i is 0- 28 AP ti.6 40.3 40.1 28.1 12.2 11,3 10.9 7.6 6.5 3.8 TR 1 -- 30 1 

841113 25 2d- SO B01 30.2 32.0 37.8 15.4 16.b 15.1 10.5 6.0 4.5 1.7 .. . . 23 -

b4111 
4 35 50- 75 B02 25.4 3b.1 38.5 17.1 19.0 15.9 10.2 6.2 5.0 1.2 .. .. .. 23 -

841115 45 75- 93 BO3 21.5 31.4 47.1 10.6 20.8 22.9 14.0 5.5 3.6 1.1 TR .. .. 24 -

841116 5G 93- 9d H j.5 37.3 59.2 2 25.9 11.4 9.7 13.4 7.8 11.8 16.5 

841117 bS 0- 17 A* TR TR .... 

841113 75 17- 50 001 * 

ORGI TOTAL EXTR OIAL (- - DITH-CIT - -) (RATIO/CLAY) (ATTERBEBG)(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD 

C N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE 

AL HN CEC BAR LL Pi MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL 

NO. 40. 6AIC 6113A 6R3A 6C2B 6G7A 6D2A 8D1 8D1 4F 4F 4A3A 4A1D 4AE 4D1 4B4. 4BIC 4BIC 4B2A 4C1 

<------ -FCT OF <2MN -> PCI <0.4nM <- - G/CC - - -> CM/CM <- - -PCT OF (2hl - -> CM/CM 

SAMPLE hZN FE 


841112 1 3.04 0.317 12.2 1.8 0.7 0.73 1.41 56 21 1.03 1.11 0.025 40.4 27.6 0.13 

841113 2 0.57 0.Ob8 12.8 0.9 0.4 0.09 0.98 1.05 1.10 0.016 36.8 29.5 0.08 

841114 3 0.41 13.8 O.b 0.4 0.07 1.16 1.12 1.16 0.012 35.2 29.5 0.06 

841115 4 0.59 13.9 0.9 0.3 0.13 1.37 54 15 1.01 1.06 0.016 34.6 29.5 0.05 

84111b 5 0.13 0.2 TR - 0.11 0.43 1.5 

841117 6 4.30 0.402 13.6 4.1 0.6 35.8
 
32.4
841118 7 0.43 0.026 14.6 0.9 0.-t 

'.* C 0 N T I N U A T I 0 N 0 N N E X T P A G E 

* SANILLIE SAMPLE 

http:1SO11YIFt'1;i:Rt.IC
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FINAL. PAGE 2 OF 4 PAGES 
IGOS b3,(.-06 -U07 DA'F 11/21/o4 PEJON NO. 84*P 214 NATIONAL SOIL SURVEY LABORATORY 

- ------------ -- - - --- -1- -11- -12- -13- -14- -15- -16- -17- -18- -19- -2-

SAnPL 
HO. 

: 

(- NH4OAC FX'iRAC'ABLF NASHS -)CA G NA K SLM 
lUZU5B5A 5bo A 585 A 5BA !ASIS 

Nu. 6N2E 6021 6T2 .; 323 

ACID-
ITl 

6115A 

EATR 
AL 

bGqA 

(- - -
SUm 
CATS 
A3A 

-CEC 
N114-

OAC 
bAdB 

- -)
[ASES 
+ AL 
5A3 B 

AL
SAT 

5G1 

-dSE
Sum 

5C3 

AT-
N'14 
OAC 
5C1 

CO3 AS
CACO3 
<2 mr 
bEIG 

RES. 
OHMS 
/cn 

8E1 

COND.(- - - -PH -
MMHOS KCL CACL2 

/C m IN .01h 
81 8C1G 8CIF 

- -)
H20 

8CIF 
<----- ---- - ------- 100 b---------- -> <- - PCT.- -> 1:2 1:1 

811112 
841113 

1 
2 

31.7 
5.1 

1.4 
0.7 

C.1 
0.1 

0.1 
--

33.3 
5.9 

6.7 
6.2 

40.0 
12.1 

14.3 
2.6 

3 
49 

100 
100 

2 
1 

7.6 
7.5 

7.3 
7.2 

7.9 
77 

841114 
841115841116 
841117 
841118 

3 
45 
6 
7 

3.6 
3.6

t3.b 
18.0 
1.3 

0.5 
0.3
0.5 
2.3 
0.3 

Tr 
0.1
TR 

0.2 
0.2 

--
----

0.3 
--

4.1 
4.064.1 
20.6 
1.8 

6.6 
6.6 

9.4 
5.4 

10.7 
10.6 

30.2 
7.2 

1.8 
2.80.4 
18.7 
1.8 

38 
3b 

69 
25 

100
100100 
100 
100 

1 
1 

1 
TR 

7.7.28.7 
7.1 
7.3 

7.06.97.8 
6.8 
7.0 

7.67.58.3 
7.6 
8.3 

-MINERALOGY 
 - - - - -- _---
S- A -
 CLAY _)
NO- N.SAMPL 

- - - X-RAY - - - -) (- -DTA - - TOTAL DON7A21(- 7A2I <2U ----7A2I 7A21 )(- -<2U- -) RES WEATH7A3 
 7A3 
 7B1A 
7B1A
<- RELATIVE AMOUNTS -> <- - PCT- - - ->841112 1 

I 4 HE 1 G134*
 

041113 2
 
8641114 3
 
841115 4 


GI 4 HE 2 
 GI59*
 
841116 5
 
841117 6
 
841118 7
 

ANALYSES: S= ALL ON SIEVED <2MM BASIS 
 G= <2MM ON GROUND <75MM BASIS 
 P= FABRIC ON <75BN FRACTION
 

f8INERALOGY: 
 KIND OF MINERAL GI GIBBSITE HE HEMATITE
 

RELATIVPAMOUNT 
 6 INDETEMINATE 5 DOMINANT 4 ABUNDANT 
 3 MODERATE 2 SMALL 1 TRACE 

* FOR IS THA 2 mu SAMPLE GI= 92 PCT (84113); GI= 80 PCT (84115) 
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N S S L
 

S U P P L E M E N T A L D A T A S H E E T
 

YIGO S83GQ-066-007
 

P (- -ACID OXALATE- -) (15-BAR WATER) 
RETENT AL SI FE 

DRY MOIST 
SAMPLE HZN * * * * 4B2A 4B2B 

NO. NO. <------ PCT OF <2MM----- > <- - -PCT- - -> 

84 1112 1 29 1.3 -- 1.1 26.0 27.6 
84 1113 2 43 1.0 -- 1.8 28.2 29.5 
84 1114 3 41 1.0 -- 2.0 28.3 29.5 
84 1115 4 34 1.1 -- 1.9 28.0 29.5 
84 1116 5 TR .... 1.2 1.5 
84 1117 6 24 1.0 -- 0.9 32.2 35.8 
84 1118 7 42 0.9 -- 1.8 32.4 32.4 

• Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 



---- ---------------------------------------------------------------------------------------
-------------

--------------------------- 

CP84G0056Pae4o4 

MINERALOGY
INR OY Page 4 of 4 

OPTICAL
SPLE..... --------------------------------------------------7S1A 7BD/ ICL------------- )- -........-

SAMPLE HZN X-RAY-------- ) (--- DTA-) (TOT ANAL)FA RE

NO. ---------------------------------------------------------NO. 7BlA 7BlA 7BIA 7B7A /SLT-----------------------------CAY------------ - - --7B1A 7B1A 7B1A - CL
< -----------------------PCT 

7BlA 7B1A 7BIA 7A2I 7A2I 7A2I 7A21 
K20.FE
 

------------------------------ 7A21 7A3 7A3> 6Q3A 6C7A
-- - - <---- RELATIVE AMOUNTS-------
84PI112 - - - - - - - - - - > <------- - - - - - - -------------------------------------------------------------------- PCT---------
84PI13 2 

84P1115 GI 4 HE 1 - ---------------84?1114 G134*
3 0.0 13.2
 
84P1116 5 

84GP116 GI 4 E 2
 

HG-59*
84PI117 
6 0.0 16.3
84P111s 7 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA FRACTION ANALYZED 
 RE - RESISTANT 

KIND OF MINERAL, GI - GIBBSITE HE - HEMATITE
 

RELATIVE AMOUNT: 
 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 
 3 MODERATE 2 SMALL I TRACE
 

MINERALOGY BASED ON SAND/SILTs
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMETt
 

COMMENTS:
 

* FOR LESS TTlLN 2 um SAMPLE GI - 34 PCT (84PU12), GI - 59 PCT (84PIU4) 



NSSL ID# 84P0223
Series: Guam 

Soil Survey: #S83GU-066-016
 

Fred Quituguas' farm
Location: 	 Guam. Northern unfarmed portion of 


E of main farm road 100 m from back fence line.
 

130 33' 10" N Longtitude: 1440 54" 24" E
Latitude: 

Physiography: Limestone plateau
 

1% Elevation: 180 m MSL
Slope Characteristics: 

MLRA: 180
Precipitation: 2600 mm 


Water Table Depth (cm) over 150 Permeability: Moderately rapid
 

Drainage: 	 Sonewhat excessively drained
 

Parent Material: 	 Sediments overlying coralline limestone
 

Clayey, gibbsitic, nonacid, isohyperthermic Lithic
Classification: 

Ustorthent
 

Described By: F. Young & J. Demeterio Sample Date: 10/83
 

Colors are for moist soil.
 

A-0 to 6 cm; dark reddish i.rown (2.5 YR 3/4) gravelly clay loam; moderate
 

very fine granular structure; friable, slightly sticky, slightly plastic;
 

many very fine through coarse roots; many very fine interstitial pores; about
 

10% cobbles exposed to surface, and about 15% gravel; neutral; abrupt smooth
 

boundary.
 

Bo-6 to 20 cm; dusky red (10 R 3/4) gravelly clay loam; moderate very fine
 
slightly plastic; many
granular structure; very friable, slightly sticky, 


few medium and coarse roots; many very fine
 very fine and fine and 

gravel and 5% cobbles, irregularly distributed;
interstitial pores; about 25% 


mildly lkaline; abrpt irregular boundary.
 

R-20 to 25 cm; white coralline limestone, very porous, many narrow fissures
 
from 8 to 30 cm in pedon.
filled with soil material. Upper boundary ranges 


Not sampled.
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---- ---

--

GUUAM 

SArPLELI AS: FIN. .;I. iSIIC, lSOHYlTdt.h,aIl. LIflIC USlhUIIPTl
 
03

i.Q-uoD -016 
 'a.-11/21/h4 SAMIPLE to. 84PI169-1170 U. S. DFP.RTMENT OF AGRICULTURE 
GUAM PROJECtPEDON NO. aqp z23 	 SOIL CONSFhVAIIoN SERVICE
NO. 84P 37 
 NATIONAL SOIL SURVFy LABGRATORY
 

GbNL!AL MF.lHt S l A, 2A , 2j LINCOLN, NEB. ASKA 69508
 

-1-- ---2 -- -- - - -_J,_ L;-
 -
-- -9 -11- -12- -lI- -14- -15- -17-
-lb- -18- -19- _20

0
(- - -OIAL - - -j (- -.. LAY- - -) (-  -- AN) (-COARSE FRACTIONS (M8) -) (>2MM)CLAY SILT SAND FINE 
 C03 FINE COASF VFSAMPLk HZN 	 F t, C VC - -DEPTH HORIZON LT 	 - - WEIGHT - - - - WT.002 .05 LT iT .002 .02 .05 .10 .25 .5 
 1 2 5 20
NO. NO. (CM) .002 -. 05 -2 	

.1- PCT OF

.0002 .002 -. 02 -. 05 
 -. 10 -. 25 -. 50 -1 -2 
 -5 -20 -75 75 WFIOLE
 

<  -
 PCT OF <2MM (3AI) -----------------------
 -;, <- PCT OF <75Mg.3,q1)-> SOIL
841169 is 0- 6 A 15.7 16.6 7.7 
 12.3 4.3 27.9
12.6 14.2 7.9 5.1 TR TR
841110 2S 6-	 -- 55 1720 BO 19.4 20.7 5q.9 15.1 5.6 
 14.3 24.1 10.9 6.5 4.1 TR 7 536 26
 

OnGN TOTAL EXIh 
C N p 

TOTAL C- - DITH-CIT - -) (RATIO/CLAY) (ATTEHBERU,) (- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRDS EXTRACTABLE 15 - LIMITS - FIELD
SAMPLE HZN 	 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLEFp AL MN CRC AE LL PI MOIST BAR DRY SOIL MOIST BARNO. NO. AIC 63A 	 BAR BAR SOILbR3A 6C2B bG7A 6D2A 8DI 8D1 4F1 41 
 4A3A 4A1D 4AIH 4D1 4B4 Q5IC 4BIC 492A 4C1<- ------
 I CT OF <2M1 -> 
 PCT <0.4MM <- - L;/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
 
841169 1 .57 0.850 
 11.2 1.2 0.2 
 2.72 2.22 

41170 2 5.56 0.596 	 34.lj
11.9 1.5 0.2 1.36 1.59 64 
 15 
 0.69 0.92 0.090 
 6.3 30.8 0.22 

(- NH4OAC EXTFACTABLE BASES -) ACID- EXTR (- - - -CEC 	
--- - --

CA 	 - - -) AL -BASE SAT- C03MG NA K sum ITY AL SUm N14- BASES 	 AS RES. CORD. (- - PH - - -)SAT SUm NH4 CACO3 OHMSSAMPLE HZN 55A 	 MIIHOS KCL CACL2 H205B5A 5SA 5SBA BASES CATS OAC 4 AL uAC <2MM /CM
O. NO. 6N23 6021) 6P21 6Q2H 645A 6G9A 5A3A 5Adb 	
/Cm IN .0Olm


5A3B 5G1 5C3 5C1 6EG 
8E1 81 8CiG CIF CIF 
< -- ME/ 100 G ..--.-.-.------ > <-
 PC - --- > 
 1:2 1:1
 

841169 1 35.4 6.3 0.2
41170 2 	 0.3 42.2 14.3
.2.8 1.7 TH 0.2 	 56.5 42.7
34.7 10.8 45.5 26.3 	 75 99
76 100 11 	 6.8
7.2 6.77.0 7.1
7.5
 

- - - -MINERALOGY  )--------

S- A - CLAY 


MO.lPL
O. 	 .(20--------U -N- - X-RAY - --- -DTA - - TOTAL DOn
 
7A21 7A2I 7A2I - -

7A3
-<21 - -) RES WEATH
7A21 
 743 
 7BIA 
 7B1h
 

<- RELATIVE AMOUNTS -> 
 -- ------PCT - > 
841169 1841170 2 

GI 4 GI58
 

FAMILY CONTROL SECTION: DEP7H 
 0- 20 PCT CLAY 18 PCI .1-75MM 54 

ANALYSES: 5= ALL o:lSIr-!D <2mH BASIS 

MINERALOGY: KIND OF 
MINERAL G;I GIDfJSITE
 

lF.LAIIVE AMOUNT b INDETERMINATE 5 OUMINANT 4 A2JUNDANT 3 iODERATE 2 SMALL I TRACE
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----------------------------------------------------------------------------
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N S S L
 

S U P P L E M E N T A L D A T A S H E E T
 

GU'aM 	 S83GQ-066-016
 

P (- -ACID OXALATE- -) (15-BAR WATER) 
RETENT AL SI FE 

DRY MOIST 
SAMPLE HZN * * * 4B2A 4B2B 

NO. NO. <- ----- PCT OF <2MM- ---- > <- - -PCT- - -> 

84 1169 1 0.6 TR 0.2
 
84 1170 2 0.7 TR 0.3
 

* 	 Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand. 
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MNLY-------------------------------------------------------------------- -- OPTIC---A L . ------------------------- ---- -------- -- MINEiALOGY. . . . . ---- - -- -A ) 
SAMPLE HZN FA RE SAND/SILT ---------------------------- (-- - - - - - RAY---- CLAY --------------- K-2-- ....-F )T-----) (TOT ANAL)


NO. NO. 7BIA 7BIA 7BIA 7B1A 
7BIA 7BIA 7BlA 
7BIA 7B1A 7BIA 7B1A 
 7A21 7A2I 7A21 7A21 
 7A21 7A3 7A3 
 6Q3A 6C7A
_< 
1 PT84PI169 . . PCT ----------------------------- > < ---- RELATIVE AMOUNTS------ > <------- PCT -2- FE84P1170 2 P T. . . . . 

GI 4 G158 0.1 14.2 

ANALYSES: 
 S-ALL ON SIEVED < 2mm BASIS 

MINERALOGYt FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERALi GI - GIBBSITE
 

RELATIVE AMOUNTs 6 INDETERMINATE 
 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 

MINERALOGY BASED ON SAND/SILT,
 

MINERALOGY BASED ON CLAYt
 

FAMILY PLACEME.NTi
 

COMMENTS:
 



SOIL SURVEY # S83GU-066-006
 
LOCATION: Guam. Northwest portion of Fred Quitiguas farm.
 
LATITUDE: 13-33-10-N 
 LONGITUDE: 144-54-05-E
 

PHYSIOGRAPHY: Limestone plateau
 
SLOPE CHARACTERISTICS: 2 %, northwest facing ELEVATION: 0170 m MSL
 
PRECIPITATION: 2600 mm Xeric moisture regime MLRA: 180
 
WATER TABLE DEPTH: PERMEABILITY: Moderately rapid
 
DRAINAGE: Somewhat excessively drained
 
STONINESS
 
PARENT MATERIAL: sediments overlying coralline limestone
 
CLASSIFICATION: Clayey-skeletal, oxidic, nonacid, isohyperthermic Lithic
 
Ustorthent
 

SAMPLE DATE: 09/83
DESCRIBED BY: F. J. Young 


This site has been farmed and represents the results of cultivation on the Guam
 
soil series. Hue in Ap horizons is intermediate between 2.5YR and 5YR.
 

Oi--2 to 0 cm; undecomposed organics.
 
Not sampled. Loose dry leaves and grass. 10% gravel.
 

Apl--0 to 10 cm; very gravelly clay loam; dark reddish brown (5YR 3/4)
 

moist; weak very fine subangular blocky structure parting to weak very fine
 

granular; loose, very friable, slightly sticky, slightly plastic; many very fin
 
roots; many very fine interstitial and
and fine, common medium and few coarse 


common very fine tubular pores; mildly alkaline; clear smooth boundary.
 
About 45% irregular limestone gravel.
 
84P1108
 

Ap2--10 to 20 cm; very gravelly clay loam.
 
Identical to Apl except for a decrease in medium and coarse roots. Separated
 
for sampling purposes.
 
84PI109
 

Cl--20 to 30 cm; very gravelly clay loam; yellowish red (SYR 5/6) moist;
 
weak very fine granular structure; loose, very friable, slightly sticky,
 
slightly plastic; moderately alkaline; abrupt wavy boundary.
 
About 50% limestone gravel mostly fine. Horizon occcurs as a pocket 15 cm
 
across in the surface of the limestone.
 
84Pi110
 

R--20 to 30 cm; White soft porous coralline limestone. Surface can be
 
chipped with difficulty.
 
84P1111 

224
 



------------- -- ------------------------------------------ --------------------------------------------------------------------

---------- --- ----- - ----------------- ------ ------------- -- -- --

GUAM VARIANT
 

SAMPLED AS: FINI', k;lt,-%!,J'rIC, ISOIYI'Fl TI!E'RMlC, PAGE I OF 4 PAGESNONACID LIjhilC USTORTHSNTP 

b2tzo-O -0 4
DA1F" 11/1l/84 SAII'LF NO. b PllOu-1111 . S. DFPARTMENT OF AGRICULTURE
 
MPEDON NO. 84P 213 
 SOIL CONSERVATION SERVICE
GUAM 

PROJECTNO. 84P 37 
 NATIONAL SOIL SURVEY LABORATORY 

GENERAL MPTHODS lbA, 2AI, z LINCOLN, NEBRASKA 68508 

-1----- -.-- -4-- -5-- -6- -7-- -b- -9-- -lu- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20

(- - -TOTAL - - -) (- -CLAY- -) (- -SILT- -) - (----- SAND----- -) (-COARSE FRACTIONS (MM)CLAY SILl SAND -) (>2MM)FINE C03 FINE COARSE VF F 
 M C VC - -SAMPLE HZN ' ,PTII HORIZON LT .002 .05 
- - WIGHT - - - - WTLT Li .002 .02 .05 .10 .25 .5 1NO. NO. (C,) .002 -. 05 -2 .0002 .U02 -. 02 -. 

2 5 20 .1- PCT OF
05 -. 10 -. 25 -. 50 -1 -2 -5 -20 -75 75 WHOLE< -------------- ICT (IF <2MM (3AI) ------------- ) <- PCT OF <75MM(3B)-> SOIL 

84110b IS 0- 10 Api 8.3 41.3 50.4 1 33.3 8.0 8.5 12.8 9.0 9.8 10.3 8 34 5 69 47841109 2S 10- 20 AP2 7.7 39.7 52.6 1 32.4 7.3 8.1 13.3 10.7 10.7 9.8 13 35841110 3S 20- 3 73 5130 Cl 5.5 59.2 35.2 1 53.9 5.4 2.6 4.1 5.3 10.3 12.9 15 33 
 1 66 49
841111 4, 20- 30 
 it 3.3 38.2 58.5 2 30.2 8.0 6.5 11.9 12.8 12.4 14.9
 

-
 -
-ORGN TOTAL 
 EXTR TOTAL (- - DITH-CIT - -) (RATIO/CLAY) (ATTERBERG) (- BULK ENSITY -) COLEC N (- - -WATER CONTENT - -) WRDP S FXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE

SAMLE IfZN FE AL MN CEC AR LL PI MOIST BAR DRY SOIL MOISTNO. BAR BAR BAR SOIL LnNO. bAIC 6B3A 6R311 6C2B bG7A bD2A bD1 8D1 4FI 4F 4A3A 4AID 4AIH 4D1 4B4 4BIC 
4BlC 4B2A 4C1 c4<------- PCT OF <2MM--- - - - -- > PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CMll 
841108 1 6.81 0.869 5.2 1.2 0.2 4.05 3.72 
841109 2 5.93 0.716 5.0 1.1 0.2 30.9

2.6 3.71 59 5
841110 3 2.78 28.61.1 0.3 0.1 1.60 2.09 
841111 4 0.2- 11.5

0.1 TH -- 0.24 0.42 
1.4
 

*** C 0 N T I N U A T I 0 N 0 N N E X T P A G E 4* 



----- -------------------------------------------------------------------------------------------------------- ----------

PAGE 2 OF 4 PAGES 
FINAL 

GUAM VARIANT b3LQ-Otlb DAJ z Pk:DON 64P 213 SOIL SURVEY LABORATORYS -Oub 1F 1l/u4 NO. NATIONAL 

-1-- -2-- -3-- -4-- -5-- -6-- -*-- -tj-- -9-- -lU- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-

C- N1I4OAC L ABLl -) EXTH - - -) -dASE C03 RES. - -PH - - -)EX'IRt ! RASYS ACID- (- -CEC - AL SAT- AS COND.(- -
CA MU N t. K MUM 1 Y AL Sum N114- BASFS SAT SUm N114 CAC03 OHMS MMHOS KCL CACL2 H20 

SAMPLE 1IZN 5B5A 585A 535A ,85 A bASES CATS OAC 4 AL OAC <211M /CM /CM IN .01m 
mu. No. 6N29 bO2D 6P2b uO2u 61|SA bG9A 543A iA3B 5A31t 5G1 5C3 5C1 bEIG BE1 8I SCIG 8C1F 8CIF 

< -------------- -----EO / 100 - - -------- > <- - PC - - > 1:2 1:1 

841108 1 4.1 0.1 0.J J3.6 34 7.5 7.4 7.6 
841109 2 2.1 ',h 0.1 22.0 45 7.6 7.4 7.8 
841110 3 0.7 TIt TH 8.8 86 7.7 7.5 8.0 
841111 4 0.7 0.1 -- 0.8 99 0.4 7.7 8.3 

- MINERALOGY- - --- - - -
- CLAY ) 

(- --- X-RAY - - -- -DTA -- ) TOTAL DOM 
SAMPLE HZN (- ----- 2U - - -<2U -- ) RES NEATH 

NO. NO. 7A21 7A2I 7A21 7A21 7A3 7A3 7BIA 7BIA 

<- RELATIVE AMOUNTS -> <- -PCT - - - -> 

841108 1
 
841109 2 GI 3 G132* 
841110 3 
841111 4 CA 3 GI 1 

0% 

FAMILY CONTROL SECTION: DEPTH 0- 30 PCT CLAY 6 PCT .1-75MM 69 

G= 
ANALYSES: 5= ALL ON SIEVwD <21111 BASIS <2MM ON GROUND <75MMl BASIS P= FABRIC ON <75MM FRACTION 

AINERALOGY: KIND OF MINPRAL (;I GIBBSITE CA CALCITE 

RELATIVE AMOUNT 6 INDEIERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE
 

* FOR LESS THAN 2 mm SAMPLE GI=23 PcT 



--------------------------------------------------------------------------------

-----------------------------------------------------------------
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N S S L
 

S U P P L E M E N T A L D A T A 
 S H E E T
 

GUAM VARIANT 
 S83GQ-066-006
 

P(- -ACID OXALATE- -) (15-BAR WATER)RETENT AL SI FE
 

SAMPLE HZN DRY MOIST

* * * 4B2A 4B2BNO. NO. <-
----- PCT OF <2MM-----
 > <- - -PCT- - ->
 

84 1108 1 
 1.6 --84 1109 2 0.4
1.4 -- 0.3

84 1110 3 
 0.4 -- TR 
84 1111 4 
 TR --


Blakemore, L. C., 
P. L. Searle, and B. K. Daly.
Laboratory Methods. 1981. Soil Bureau
A. Methods for Chemical Analysis of Soils. 
 New
Zealand Soils Bureau Scientific Report 10A. 
 Dsiro, New Zealand.
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CP84GQ056 

-- - - - - - - - - - - - -- - - - - - - - - - - - - MINERALOGY - - - - - - - - - - - - - - - - - - - - - - - - ---- ) 

ANAL)--------------------------- OPTICAL ---------------------------- ) (------------ X-RAY--------- ) (---DTA--) (TOT 
-------------------------- SAND/SILT--------------------------- ) ----------------------- CLAY -----------------------

K20 FESAMPLE HZN FA RE 

7BlA 7A2I 7A2I 	 7A2I 7A21 7A21 7A3 7A3 6Q3A 6C7A
NO. NO. 7BIA 	 7BIA 7BlA 7BlA 7B1A 7B1A 7B1A 7BlA 7BIA 7BlA 


< -----------------------PCT ------------------------------ > 
< ---- RELATIVE AMOUNTS------ > <------- PCT---------- >
 

84PI108 1
 
GI 3 	 G132* 0.0 9.4
84P1109 2 


84P1110 3
 
CA 3 	 GI 1 0.0 0.6
84PI111 4 


ANALYSES: S=ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GI - GIBBSITE CA - CALCITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMIRANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY: 
co 

FAMILY PLACEMENT:
 

COMMENTS:
 

*GI = 23 PCT FUR SS 	 TMN 2 n SAM 



Series: 
 Guam Variant 
 NSSL ID# 84P0208
 
Soil Survey: S83GU-866-001
 
Location: Inarajan, 
Guam. Inarajan Experiment Station N Slope of
 

Station about 18m S of E edge of equipment house.
Latitude: 
 130 16' 40" N Longtitude:r 1440 45' 15"
 
Physiography: Dissected limestone plateau

Slope Characteristics: 3% south facing 
 Elevation:15m MSL
 
Precipitation: 2600mm 
 MLRA: 181
 
Water Table Depth: over 150cm Permeability: Moderately rapid

Drainage: 
 Well drained
 
Parent Material: Sediments overlying coralline limestone
 
Classification: Clayey, 
 Oxidic, isohyperthermic Lithic Oxic 
 Ruptic
 

Haplustalf
 
Diagnostic Horizons: Argillic

Described By: 
 F.J. Young, J.L. 
 Sample Date:09/83
 

Demeterio and J. Wright
 

This pedon represents the common 
but not dominant phenomenon of small
sinkhole or dissolution pitting in the limestones of Guam. 
 The lithic

portion is dominant in the 
pedon. Two distinct horizontally parallel Bt
horizons present. The sinkhole is 40 cm wide at the top and extends over 200
 cm. 
 The Bt' portion of this sinkhole is 25 
cm wide and extends to 120 cm.
 

Colors are for moist soil unless otherwise indicated.
 

Ap--O to 25 cm; dark reddish brown (2.5 YR 3/4), silty clay, dark red (2.5 YR

3/6) dry; weak very fine granular structure; loose, very friable, sticky,
plastic; common 
very fine and fine roots, many very fine interstitial and
tubular pores; 15% 
sand-sized black rounded iron-manganese nodules which rub
 
to clay; rock fragments, 02% greater than 2 mm 
from limestone, mostly 
on
surface; c,mmon fine 
and very fine irregular shaped pieces of Btl 
horizon;
 
abrupt smooth boundary.
 

Otl--25 to 38 cm; 
 red (2.5 YR 4/6) clay; weak very fine subangular blocky
structure; friable, 
sticky, plastic; 
few very fine and common fine roots;
many very fine and 
common medium tubular pores; 10% 
black rounded sand-sized

iron-manganese nodules which rub 
to clay; common thin clay films on ped faces
and lining pores, few moderately thick yellowish red 
(5 YR 4/6) clay filmslining medium pores; few wormcasts in medium pores; few medium pores withdecomposing coconut roots; abrupt irregular boundary with limestone and clear 
smooth horizontal boundary with Btl'.
 

R--38 to 140 cm; very pale brown (10 YR 8/4); argillaceous coralline

limestone; strong 
brown (7.5 YR 5/6) and red (2.5 YR 4/6) stains along

interstitial pores and cavities. Can be dug with a pick. 
Not sampled.
 

229
 



Btl'-25 to 50 cm; dark reddish brown (2.5 YR 3/4) clay; weak very fine
 
subangular blocky structure; very friable, sticky, plastic; common fine and
 
few very fine roots; common fine and medium tubular and common very fine
 
interstitial pores; 10% sand-sized black rounded iron-manganese nodules which
 
rub to clay; common thin clay films on ped faces and lining pores; few
 
moderately thick yellowish red (5 YR 4/6) clay films in medium pores; few
 
worm casts and decomposing coconut roots in medium pores; diffuse smooth,
 
horizontal boundary with Btl horizon.
 
84P1079.
 

Bt2'--50 to 90 cm; clay.
 
Similar to Btl' except for decrease in nodules and medium pores. Separated
 
for sampling purposes.
 

Bt2--38 to 90 cm: red (2.5 YR 4/6) clay: weak very fine subangular blocky
 
structure; friable, sticky, plastic; few very fine roots; few fine and medium
 
tubular and few fine very fine interstitial pores; 10% sand-sized black
 
rounded iron-manganese nodules which rub to clay; common thin clay films on 
ped faces and lining pores; decomposing roots in medium pores; mildly 
alkaline; diffuse smooth boundary. 

Bt3'--90 to 120 cm; dark reddish brown (2.5 YR 3/4) clay; weak very fine 
subangular blocky structure; very friable, sticky, plastic; few very fine 
roots; few fine and medium tubular and few very fine interstitial pores; 10% 
sand-sized black rounded iron-manganese nodules which rub to clay; very few 
thin clay films on ped faces and lining pores; decomposing roots in medium
 
pores; mildly alkaline.
 

Bt3--90 to 120 cm; red (2.5 YR 4/6) clay; weak very fine subangular blocky
 
structure; friable, sticky, plastic; few very fine roots; few fine and medium
 
tubular and few very fine interstitial pores; 10% sand-size black rounded
 
iron-manganese nodules which rub to clay; very few thin clay films on ped
 
faces and lining pores; decomposing roots in medium pores; mildly alkaline.
 

Bt4--120 to 140 cm; clay. Similar to Bt3. Separated for sampling purposes.
 
84PI084
 

230
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GUAM VARIANT
 

SEPLED AS: 
 CLAY!?, GIBBSITIC7 ISOHYPERTHEBNIC LITHIC USTBOPEPT 
 PAGE I or 4 PAGES
 
S 8.3Q-066 -001 DATE 11/21/84 
 SANPLE 2o. 
84P1077-108q U. S. DEPARTMENT OF AGRICULTURE 

GAR 
 PEDOCNo. 84P 208 SOIL CONSERVATION SERVICE
PROJECT go. 84P 37 NATIONALGENERaL BETHODS 1BlA, 2A1, 2B SOIL SURVEY LABORATOB 
LINCOLN, NEBRASKA 68508 

-1-- -2-- --- 4-- -5-- -6- -7- -8-- -9-- -11- -12- -13- -1- -15- -16- -17- -18- -19- -2-

DOR- -TOTAL - - -) C- -CLAY- -, (- -SILT- SAND- -CLAY SILT SAND FIRE C03 
(-COARSE FRACTIONS (Ml)-) (>2MR)SAPLE FINE COARSe
ZN DPTH ORIZON IF F M CLT .002 .05 VC -LT LT - - - WEIGHTNO. .002 .02 - - go. (Cm) .002 -.05 -2 .0002 .002 -.02 -. 

.05 .10 .25 .5 1 2 5 20 
- WT 

05 -. 10 -. 25 -. 50 -1 .1- PCT OF
 
-------------- -2 -5 -20 -75 75 WHOLE841077 - --- PCTOF2is 0-- 25 (3a)---AP 48.8 31.1 --------20.1 > <-841078 25 26.8 4.3 PCT OF <751B (381) -> SOIL25- 38 2.1 3.2801 75.0 2.9 6.315.0 10.0 5.6 2 3 841079 3S 25- 13.7 1i.3 1.2 22 550 501 2,0 1.866.e 19.2 3.0 2.014.0 1 841080 45 50- 90 17.6 1.6 1.6 3.1 -- 10 1B02 63.6 23.5 2.3 3.7 3.3 112.9 - 8e1081 55 50- 21.0 2,5 4.6 13 190 B02 3.0 2.166.6 19.9 11.5 3.5 2.7 1 841082 6S 17.6 2.3 1.2 - 12 190-120 B03 2.463.0 2.0 3.223.8 13.2 2.7 1 TR 841083 20.1 3.7 11 17S 90-120 1.6 2.9B03 57.2 31.8 11.0 2.2 3.2 3.3 1 84100 85 25.2 6.6 - 12 1120-140 1.4 2.7B04 59.8 1.8 2.928.2 12.0 2.2 TR 24.2 4.0 1.4 -- 10 TB2.8 2.1 
 3.0 2.7 
 1  - 11 1 

ORGN TOTAL EXT TOTAL (- - DITh-CIT - -) (RATIO/CLAY) (ATTEBBERG)(- BULK DENSITY -) COLE (-  -WATER CONTENTC - -) WRDp S EXTRACTABLESAMPLENO. HZN 15NO. 6AIC 6B3A - LIMITS 6R3A FE AL FIELD 1/36C2B 6G7A E CEC BAB OVEN WHOLE6D2A 8D1 6D1 LL P1 HOIST BAR DRY FIELD 1/10 1/3 15<-.------ 4F1 4f 4A3A 4AID SOIL OIST BAR BAR BAR WHOLEPCT OF <2Ma 4AIH 4D1 44B4 SOIL- - -- --- > 4lC 4B1C 4B21PCT <0.4a <- 4C1- G/CC - - -> CM/CM <- - -PCT OF841077 1 <2MN - -> C/C2.13 0.193 16.7 1.8841078 0.5 0.34 0.542 1.03 0.108 56 25 1.1314.7 1.7 0.3 1.34 0.0570.20 0.42 37.0 26.571 38 0.12841079 3 1.25 1.44 0.0481.10 16.3 1.9 0.6 0.18 0.42 38.1 31.2 0.09 
841080841081 54 1.07 1.34 1.45 0.027 33.1 28.0 0.070.87 16.8 1.815.8 1.7 0.6 0.20 0.44 59 27841082 6 0.4 0.17 0.42 1.16 1.31 0.0410.95 1.11 1.30 36.4 27.8 0.1016.2 1.8 0.054841083 0.6 0.19 0.45 38.4 29.0 0.107 0.50 60 28 1.13 1.2815.9 1.6 0.3 0.042841084 8 0.48 0.15 0.49 36.8 28.2 0.10

16.9 1.7 0.4 1.26 1.42 0.0410.15 0.47 59 36.8 27.9 0.1127 1.30 1.45 0.037 35.3 28.3 0.09 

* C 0 N T 1 9 U A T I N 0 III T PAGE *
 



PAGE 2 OF 4 PAGES 

GUAM VARIANT 

-1- -2-- -.3--

S tjuiQ-066 

-------- -6 

-001 DATF 11/21,/b4 

-------------------10- -11-

PEDON NO. BIP 208 

-12- -13- --14-

NATIONAL SOIL SURVEY LABORATORY 

-15- -16- -17- -18- -19- -20

-------------------------------------------------- ----------------------- - - - - --- - -

(- N114OAC EXTRA'AbLE BASES -) ACID- EXT1 - - CEC - - - AIL -bSE SAT-f CC3 AS RES. GYP COND.-- - PH - - -) 

CA h- NA FMun IT¥ AL SUM Nl1- BASFS SAT SUm NH'4 CACO3 OHMS SUM 3MHOS KCL CACL2 H20 

SAMPLF HZH 5B! 5 A 5iA !)d5A uASE-s CATS OAC * AL OAC <2NM /Cm 6FIA /CH IN .018 

111. hO. otI2E uO2D 61'2b br29 b1I5A tA1A 5M3A SABIB 5A3B 5G1 5C3 5CI 6EIG BE1 PCr 8I 8CIG BCIF 8CIF 

< ------------ h.O / 1CG- --- ---- - ----- > <----- PCI - -> 1:2 1:1 

841077 1 29.5 1.7 0.2 9.3 31.7 6.4 38.1 16.6 83 100 3 - 7.3 7.4 7.7 

841078 2 11.5 1.7 0.3 0.2 13.7 5.9 22.6 15.1 61 91 1 - 6.6 6.7 7.2 

841079 3 7.7 1.2 0.2 0.1 9.2 12.3 21.5 11.5 43 7b 6.1 6.1 6.6 

84108BU 4 10.8 2.0 TH 0.1 12.9 8.3 21.2 12.5 61 100 TR - 6.9 7.0 7.2 

841bdI 5 13.6 21 0.1 0.1 15.9 6.0 21.9 11.7 73 100 TR - 7.3 ?.5 7.7 

841082 6 12.; 1.8 0.1 0.1 14.5 7.4 21.9 11.9 66 100 1 - 7.0 7.1 7.4 

841033 7 10.7 1.6 0.2 0.1 12.b 5.8 18.4 8.8 68 100 TR - 7.3 7.4 7.5 

8a J14 8 13.d 1.4 TR -- 15.2 6.9 22.1 a.7 69 100 2 - 7.1 7.1 7.5 

- ------- MINERALOGY -
--- CLAY -

( - X-RAY - - -- -DTA - ) TOTAL DON 

SAISPLE HZN - - -<2U - -- )( -<2U -) RES VEATH 

NO. FO. 7A21 7A2I 7A21 7A2I 7A3 7A3 7BIA 7BIA 
<- RELAT7VE AMOUNTS -> < -PCT > 

Lo 

841077 1 LE 3 KK 2 GE 2 GI 1 KK41 GI 

841078 2 KK 3 LE 3 GE 2 GI i KK40 GI 

641079 3 
841080 '4 
84 10a 1 5 
841032 b LE 3 KK 2 GE 2 GI 1 KK31 GI 

8106bj 7 
8410Oi 8 

FAiSILY CON'IROL SECTION: DEPTH 25- 38 PCT CLAY 75 PCT .1-75MM 9 

ANALYSES: S= ALL ON SIEVED <2l1 BASIS 

MINERALOGY: KIND OF MINERAL LF LEPIVOChOCIT KK KAOLINITE GE GOETHITE GI GIBBSITE 

RELATIVE AMOUNT 6 INDfThRNINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 
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N S S L
 

S U P P L E M E N T A L D A T A S H E E T
 

GUAM VARIANT 
 S83GQ-066-001 

P (- -ACID OXALATE- -) (15-BAR WATER)RETENT AL 
 SI FE
 
DRY MOIST
SAMPLE HZN 	

** * 4B2A 4B2B
 
NO. NO. <---- --
 PCT OF <2MM 
 <- - -PCT- - -> 

84 1077 1 
 0.4 0.1 0.3
84 1078 2 
 0.3 0.1 0.2

84 1079 3 
 0.3 TR 0.3

84 1080 4 
 0.3 0.1 0.3

84 1081 5 
 0.2 0.1 0.3

84 1082 6 
 0.3 0.1 0.3

84 1083 7 
 0.2 TR 0.3

84 1034 8 
 0.2 0.1 0.3
 

* 	 Blakemore, L. C., P. L. Searle, and B. K. Daly.Laboratory Methods. 1981. Soil BureauA. Methods for Chemical Analysis of Soils. New
Zealand Soils Bureau Scientific Report 10A. 
 Dsiro, New Zealand.
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CP84GQ056 

( MINERALOGY ------------------------------------------------------- ) 
OPIA------------------------------------
--------------------------------------------------- ---------------X-A----------- DT---TT --- NL 

-- - - - - - - - - - - - - OPTICAL -- - - - - - - - - - - - - -) ( - - -- - - X-RAY --------- ) ( --- DTA--) (TOT ANAL)
 

-------------------------- SAND/SILT .. ---------------------------- (------------------------CLAY -----------------------
K20 FESAMPLE HZN FA RE 

NO. NO. 7BlA 7BIA 7B1A 7B1A 7BlA 7BlA 7BIA 7BIA 7BlA 7BIA 7B!A 7A2I 7A2I 7A21 7A2I 7A2I 7A3 7A3 6Q3A 6C7A 
< ----------------------- PCT ------------------------------ > < ---- RELATIVE AMOUNTS------ > <------- PCT---------- > 

LE 3 KK 2 GE 2 GI 1 KK41 GI<I 0.3 19.984PI077 1 
KK 3 LE 3 GE 2 GI 1 KK 0 GI<1 0.2 16.384P!078 2 

84P1079 3 
84P1080 4 
84P1081 5 

LE 3 KK 2 GE 2 GI 1 KK31 GI<I 0.3 20.0
84PI082 6 

84P1083 7
 
84PI084 8
 

ANALYSES: S=ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA = FRACTION ANALYZED RE = RESISTANT 

KIND OF MINERAL: GE = GOETHITE GI - GIBBSITE LE - LEPIDOCROCITE KK - KAOLINITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT:
 

COMMENTS:
 



Series: 
 Atate 
 NSSL IN 84P0218
Soil Survey: 
 #S84GU-066-011
Location: 
 Guam. 
 Cotal conservation 
area, along road 
to Tarzan
Falls, about halfway from highway on
Latitude: 
 130 23' 25" N 
E side of road.


Longtitude:'1440 
43' 10" E
Physiography: 
 Volcanic uplands: 
nearly level 
remnant plateau, highly
dissected landscape.
Slope Characteristics: 
Nearly level 
 Elevation: 
165m MSL
Precipitation: 
 2600 mm 
 MLRA: 181
Water Table Depth: over 150 
 Permeability: Moderate
Drainage: 

Well drained
Parent Material: 
 Volcanic residuum.
Classification: 
 Very fine, oxidic, isohyperthermic Oxic Haplustalf
Diagnostic Horizons: 
 Argillic
Described By: 
 F.Young & J. Demeterio 
 Sample Date: 
10/83
 

A horizon may be Ap horizons. Colors are for moist soil.
 

AI-0 to 
13 cm; dark reddish browm 
(5 YR
granular 3/3) silty clay; moderate very fine
structure 
on the surface

subangular blocky; 

grading abruptly to moderate very 
fine
friable, sticky, plastic; many very fine,
few medium and coarse roots: common fine and
many very fine and fine interstitial and tubular
pores; strongly acid; 
cleat 
smooth boundary.
 

A2-13 to 
30 cm; dark reddish brown 
(5 YR 3/4) clay;
blocky parting to moderate weak medium subangular
very fine subangular
structure; friable, and weak fine platy
sticky, plastic; common very 
fine and few
many very fine and fine roots;
few fine 
tubular pores; pressure faces 
on plates; medium
acid; diffuse smooth boundary.
 

Btl-30 to 
55 cm; yellowish red 

blocky structure; 

(5 YR 4/6) clay; moderate very fine subangular
friable, 
sticky, plastic; common very
roots; many very fine fine and few fine
and few 
fine tuLular
.aces; pores; pressure faces
few thin clay films on on ped
ped faces and lining pores; 
medium acid;
gradual smooth boundary.
 

Bt2-55 
to 90 cm; dark red (2.5 
YR 3/6) clay; moderate very
blocky structure; fine subangular
friable, sticky, plastic; common very
roots; many very fine fine an" few fine
and few fine tubular pores;
faces; few pressure faces on
thin clay films ped
on ped faces and lining pores; medium acid;
diffuse smooth boundary.
 

Bt3-90 to 
110 cm; dark red 
(2.5 "R 3/6) clay; moderate very
blocky structure; friable, sticky, plastic; 
fine subangular
 

fine and few fine 
common very fine roots; many very
tubular pores; 
pressure faces
films on vertical ped faces 

on ped faces; few thin clay
and lining pores; less than 
1% saprolitic flecks
-irregularly distributed; medium acid; diffuse smooth boundary.
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YR 3/6) clay ; weak very fine subangularBC-110 to 140 cm; dark red (2.5 
roots; many very

blocky structure; friable, sticky, plastic; few very fine 

fine and few fine tubular pores; about 5% saprolitic sand sized flecks; few
 

lining pores; medium acid; abruptthin clay films on vertical ped faces and 

smooth boundary.
 

C-140 to 165 cm; dark red (10R 3/6), weak red (IOR 4/4) and red (10R 4/6) 

clay, about 30% each color, remainder is yellowish red (5 YR 4/6) and dark 

colors in patches 3 to 5 cm in diameter; weak very fine
brown (7.5 YR 4/6), 
subangular blocky and massive rock structure; very friable, sticky, plastic;
 

few very fine roots; common very fine tubular pores; many sand sized
 

saprolitic flecks; few black irregular manganese stains; medium acid.
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S 6dLiQ-Oob -011 DIE 11/21/4
D'E FINAL SAM-LE No. 84P113-1144 U. S. DEPARTMENT OF AGRICULTURE
GUAM PROJEC1 NO.
PEDON NO. 84P 218
d4P 37 
 SOIL CONSERVATION SERVICE
NATIONAL SOIL SURVEY LABORATORY
 

GENERAL MF1HODS 'f1A, 241, :l1 
 LINCOLN, NEBRASKA 68508
 
-4- ---- 7--
 -8-- -9- -10- -11- -12-
 -13- -14- -15-
------ -- -- - - - - - -

-16- -17- -18- -19- -20
-~~ -1---------------------------------------------------~~ - - - - - - - -  - - -

(- - -TOTAL - - -) (- -CLAY- -) (- -SILT- -) (----CLAY -- SAND---SAhPLE HZN DFPrH HORI7ON LT SILT SAND IINE Cu3 FINE COAhSf" VP --- ) (-COAhSE FRACTIONS(MM) -) (>2MM).002 .05 LT F M C
LT .002 .02 .05 .1u VC - - - - WEIGHT - - - -NO. NO. (C1) .25 .5 1 2 5 WT.002 .05 -2 .0002 .002 -.02 -. Ub -. 
20 .1- PCT OF10 -. 25 -.50 
 -1 -2 -5 
 -20 -75 
 75 WHOLE
.c ---------- PCT (F <2MM (3A1) -------------

8 > <- PCT OF <75MM(3B1)-> SOIL41136 15 0- 13 Al 42.8 43.4 13.8 31.3 12.1 5.5 4.9 2.2
841139 2S 13- 30 A2 0.8 0.4 TR - 53.6 34.1 12.3 8 -27.1 7.0
841140 3S 30- 55 2.3 4.2 3.5 1.3 1.0 ..
b01 74.4 23.0 2.6 .. . 10 -19.5 3.6 1.' 1.0
841141 0.2 ..
45 5-- 90 B02 56.8 36.0 7.2 .. TR .. .. 1 -2d.3 7.7 4.0 2.4
84114- 55 0.5 0.2 0.1
90-110 B03 48.3 38.4 13.3 TR .. .. 3 -30.0 8.4 7.3 4.9 1.0
841143 65 11-14u 0.1
BW -- 44.2 35.8 20.0 6 -26.4 9.4 9.3
841144 75 140-165 8.3 2.1 0.3 --C 41.5 45.3 13.2 -- 11 -36.0 9.3 6.8 4.0 
 1.6 0.8 -- TR .. .. 
 6 --

ORGN TOTAL 
EXTR TOTAL (- - DITH-CITC N p S PXTRAC'TABLE- -) (RATIO/CLAY) (ATTEHBERG )(-
 BULK DENSITY -) COLE
SAMPLE HZN 15 - LIMITS - FIELD 1/3 OVEN WHOLE (- - -WATER CONTENT - -) WRDFIELD 1/10
FE AL MN CEC BAR 1/3 15 WHOLE
 
NO. LL PI MOIST BAR DRY
NO. 6A1C SOIL MOIST 4AR
6B3A 613A fC2B 6G7A 6D2A BAR BAR SOIL 8D1 8D1 
 4F1 4F 4A3A 4AID 4A1H
< --------- > 

4D1 434 4B1C 4B1C 4B2A 4C1
PCT OF <2hM -------
 PCT <0.4MM <-
 - C/CC - - -> CM/Ch <-  -PCT OF <2MM - -> CM/CM

841138 
 1 3.8b 0.295 
 8.6 1.2 
 0.4 0.64 0.77 81 22
841139 2 1.85 0.193 9.1 0.91 1.21 0.100 51.2 32.8
1.4 0.6 0.24 0.17
0.86
841140 3 0.91 0.078 9.1 

0.95 1.29 0.107 56.4 46.0 0.10
1.1 0.2 0.17 0.60
841141 4 0.53 1.05 1.37 0.093
10.2 0.8 50.9 44.6 0.07
0.1 0.29 0.73 80 33
6411142 5 0.32 1.10 1.42 0.089
9.4 0.7 0.1 48.0 41.3 0.07
0.37 0.83
841143 1.10 1.35 0.071
6 0.34 9.8 0.89 48.0 40.3 0.08
0.7 0.1 0.41
841144 7 0.36 1.Ot 1.27 0.056
9.1 0.7 48.7 39.2 0.10
0.2 0.52 1.06 
 79 25 
 0.88 1.12 0.084 
 64.5 44.1 0.T8
 

$** 
 C 0 N T I N U A T 1 O N 0 N N E X T P A G E *00
 



PAGE 2 0F 4 PAGES
 
FINAL 

TT F S DATF 11/21/o4 PEDON NU. 84P 218 NATIONAL SOIL SURVEY LABORATORY 

-1--

-1 

-2-- -a--4-- -t;-- -6-- b7-_- -9J-- - I0G- -11- -12- -1i- -14- -15- -16- -17- -18-

- 6------------------------------------------------------------------------------------------------ ----

-19- -20

20 

SAM PL r. 
NO. 

(- , OAC t:xTRALrABLF BASES -) 

CA Mt; 'JA K Sun 
IIZN 5 %5A A i'A IAS 
Ni). bN2F bO20 tFp:i t, ,1 

< -------------- i' 

ACID- LXIH (- - -

ITy AL SUh 
CAIS 

6h5A 6G9A 5AJA 
/ 100 ;-----------

-CEC 

HH4-
OAC 
5A8B 

- - -) 

bASES 
4 AL 
5A3B 

> 

AL 

SAT 

SG1 
<--

-BASE SAT- C03 AS RES. 

SUm NL CACO3 OHMS 
OAC <2MM /CM 

5C3 SCI 6EIG 8E1 
-PCT --- > 

COND.(- - PH -

MMHOS NAY CACL2 
/1 .01M 
8I 8CD 8CIF 

1:2 

- -J 

H20 

8C1F 
1:1 

841138 
8411J9 
841140 
84114 1 
84114 
4113 3 
641144 

1 
2 
3 
4 
5 
6 
-

b.2 
2.5 
2.3 
3.4 
3.7 
LI-1 
5.7 

4.7 
2.7 
4.3 
6.9 
7.8 
7 . 
9.1 

0.? 
0.2 
0.2 
0.3 
0.3 
0.3 
0.5 

0.1 
0.1 
0.1 
0. 3 
0.3 
0.3 
0.4 

11.q 
5.6 
6.9 
10.4 
12.1 
12.2 
15.7 

22.5 
lb.6 
12.6 
11.2 
11.7 
12.1 
12.0 

0.3 34.4 
k2.2 
19.5 
22.1 
23.8 
24.3 
27.7 

27.3 
12.7 
12.7 
16.3 
17.8 
18.0 
21.7 

12.2 2 35 
25 
35 
49 
51 
50 
57 

44 
44 
54 
67 
6d 
bd 
72 

8.9 
9.0 
9.6 
9.7 
9.7 
9.8 
9.7 

4.9 
5.8 
5.8 
5.7 
5.6 
5.6 
5.4 

5.5 
6.2 
5.8 
5.9 
6.0 
6.0 
5.7 

SAMPLE 
NO. 

HZN 
NO. 

- MINERALOGY--) 
------------------------------------------------ CLAYCLAY 

( X-RAY-- --- (- -DTA -- TOTAL DON 

(<2U ---- (- -<2U -- ) RES WEATH 
7A21 7A21 7A2I 7A21 7A3 7A3 7BIA 751A 
<- RELATIVE AMOUNTS -> - ---- PCT - - - -> 

Cc 
8Q113d 
841139 
841140 

841141 
841142 

841143 
841144 

1 
2 
3 

4 
5 

6 

7 

KK 3 

KK 2 

GE 2 

GI 1 

GI 1 KK58 

KK52 

KK50 

GI 3 

GI 2 

GI 1 

FAMILY COIITROL SECTION: DEPIH 25-100 PCT CLAY 61 PC'L .1-75Md 3 

kNALTSS: S = ALL Ot SIEVED <2MM BASIS 

MINERALOGY: KINO CF MINERAL KK KAOLINITE GE GOFTHITE GI GIBBSITE 

RELATIVE AMOUNT 6 INDrI"ERMINATE 5 DOMINANT 4 ABUMDANT 3 MODERATE 2 SMALL 1 TRACE 
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N S S L
 

S U P P L E M E N T A L D A T A 
 S H E E T
 

ATATE 
 S83GQ-066-011
 

P (- -ACID OXALATE- -) (15-BAR WATER)
RETENT AL SI FE
 

DRY
SAMPLE HZN * MOIST* *NO. NO. * 4B2A 4B2B< - - - -  -PCT OF <2MM - -  -
 -> < - - -PCT- - - >
NO. NO.---------------------TOF(2IA-----------

<-----C--->------

84 1138 
 1 21 0.8 --84 1139 2 0.5 29.5 32.8
21 0.6 
 -- 0.5 36.2 46.084 1140 3 
 15 0.4 
 -- 0.2 35.3 44.684 1141 
 4 19 0.3 -- 0.2 32.9 41.3
84 1142 
 5 18 0.3 -- 0.2 2.4 40.384 1143 6 
 12 0.3 -- 0.2 32.0 39.2
84 1144 7 
 15 0.3 
 -- 0.2 32.2 44.1 

* Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. 
 Soil Bureau
Laboratory Methods. 
 A. Methods for Chemical Analysis of Soils. New
Zealand Soils Bureau Scientific Report 10A. 
 Dsiro, New Zealand.
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CP84GQ056
 

----------------------------------------------------MINERALOGY ------------------------------------------------------ ) 

--------------------------- OPTICAL ---------------------------- ) ( ------------ X-RAY--------- ) (---DTA--) (TOT ANAL) 
-------------------------- SAND/SILT --------------------------- ) ( ----------------------- CLAY------------------------

SAMPLE HZN FA RE K20 FE 

NO. NO. 7B1A 7B1A 7BIA 7B1A 7BlA 7BIA 7BIA 7BIA 7B1A 7B1A 7B1A 7A2I 7A21 7A21 7A2I 7A21 7A3 7A3 6Q3A 6C7A 
< ----------------------- PCT-- ------------------------------ > < ---- RELATIVE AMOUNTS------ > <------- PCT---------- > 

84P1138 1
 
84PI139 2 
 KK 3 GE 2 GI 1 	 KK58 GI 3 0.4 12.0
 

84P1140 3
 
84PI141 4 KK 2 GI 1 KK52 GI 2 0.6 10.t
 

84P1142 5
 
84P1143 6
 
84PI144 7 
 KK50 GI 1 0.9 11.0
 

ANALfSES: S=ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA = FRACTION ANALYZED RE = RESISTANT
 

KIND OF MINERAL: GE = GOETHITE GI = GIBBSITE KK = KAOLINITE
 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 

0	 MINERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT: 

COMMENTS:
 



Series: 
 Saipan 
 NSSL ID# 84P0217
Soil Survey: #S83GU-066-010

Location: 
 Guam. About 
1 km N of Talofofo village near 
the end of
 

Latitude: 
the paved road about 50 m W on the Santos property.
130 21' 50" N 
 Longtitude:, 144' 
45' 20" E
Physiography: Depression in rolling limestone plateau.
Slope Characteristics: 
4% north facing Elevation: 
85 m MSL
Precipitation: 
 2600 r-rn 
 MLRA: 181


Water Table Depth (cm) Overl50 Permeability: Moderate
Drainage: 

Well drained
Parent Material: 
 Residuum from argillaceous limestone
Classification: 
 Fine, oxidic, isohyperthermic Oxic Haplustalf


Diagnostic Horizons: 
 Argillic

Described By: 
 F. Young & J. Demeterio Sample Date: 10/83
 

If allowed to dry the pedon may show prismatic structure.
 

Colors are 
for moist soil.
 

Ap-O to 15 cm; 
 dark reddish brown 
(5 YR 3/4) silty clay; weak 
medium
subangular blocky structure; hard, firm, sticky, plastic; many very fine and
fine and few medium roots; many very fine and 
fine interstitial and
pores; tubular
few fine coral pebbles; many fine irregular pieces of Btl horizon;

neutral; abrupt smooth boundary.
 

Btl-15 to 45 cm; 
yellowish red 
(5 YR 4/6) clay; weak very 
fine subangular
blocky structure; friable, 
sticky, plastic; 
many very fine and
roots; few fine
many very fine and fine and 
common medium tubular pores; continous
thin clay films lining pores; common thin clay 
films on ped faces;
moderately thick clay common
films on vertical cleavage planes; 
fine and medium
pores with organic stains and wormcasts; neutral; 
diffuse smooth boundary.
 

Bt2 - 45 to 
 70 cm; yellowish 
red (5 YR 4/6) clay; moderate very
subangular fine
blocky structure; friable, 
sticky, plastic; common very 
fine
roott; many very 
fine, common fine and

thin few medium tubular pores; continous
clay films 
lining pores; common 
thin clay films
moderately thick clay films 

on ped faces; common
 

pores 
on vertical cleavage planes; fine and medium
with organic stains and some 
wormcasts; neutral; 
 diffuse smooth
 

boundary.
 

Bt3-70 to 100 cm; red (2.5 YR 4/6) clay; strong very fine subangularstructure; friable, brittle, blocky
stickv, plastic; few very fine roots; many veryfine, 
common fine and few medium tubular pores; 
thin clay films lining pores;
common thin clay films on ped faces; few vertical fracturecontinuous moderately planes withthick yellowish red (5 YR 4/6) clay films; finemedium andpores with organic stains aLu rIew wormcasts; neutral; diffuse broken 

boundary.
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Bt3' - 100 to 140 cm; clay; gradual wavy boundary. Morphologically similar 

to Bt3 but no medium pores and peds are difficult to rub down. Separated for
 

sampling purposes.
 

Bt4-105 to 140 cm; yellowish red (5 YR 4/8) clay; strong very fine subangular
 
fine roots;blocky structure; friable, brittle, sticky, plastic; few very 

many very fine and common fine tubular pores; common thin clay films on ped 
Horizon occupies 15%
faces; continous thin clay films lining pores; neutral. 


of pedon at this depth.
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SAIPAN
 

SAMPLmj AS: FINE, -\ALINrI'c, ISO'lJY¥kIill ff'M1C ThOPPPTIC EUTRUSTOL 
PAGE I OF 4 PAGESSSG -0oDA-010 


bATE ll/zl/64 SAMPLE NO. 
64P1132-113-/ 

U. S.
PROJECT DEPARTMENT OF AGRICULTUREGUAM NO. 84P 37PEDUN NO. 84P 217 
 NATIONALSOIL CONSERVATION SERVICE
SOIL SURVEY I.ABORATORY
 

GENERAL METHODS llA, 2A1, ZJ 
LINCOLN, NEBRASKA 68508
 

-1--- ---------------
1 - -15- -16- -17- -18- -19- -20

------TOTAL 
- - -) (- -CLAY- -) ( SILT-
-SAIPLE CLAY SILT SAND SAND -----HZN DEPTH HORizoN LT FINE C03 FINP COARSE 

- --
) (-COARSE FRACTIONS(Im)-).002 .05 LT VF .F N (>2fiM)NO. LT C VCNo. (CM) .002 .002 .02 .05 .10 .25 .... WEIGHT -T-. 05 -2 .0002 .002 .5 1 2 5-.02 -. 05 20 .1--. 10 -. 25 PCT OF
-.50 -1
<------------ -2 -5 -20 -75
PCT O 75 WHOLE
(3A-----------------
841132 
 is 0- > 

b41133 
15 AP 40.11 45.8 13.8 32.9 

<- PCT OF <751..( 3 Bl)-> SOIL2S 15- 45 BO1 12.9 6.852.6 j8.6 4.5 1.4 0.7
841134 a.8 0.4 TR TH --3S 45- 70 26.9 11.7 7B2 33.1 27.3 39.6 4.6 3.1 0.7 0.2 TB 
841135 0.2 TTR4S 70-100 14.6 12.7 17.3 --B03 41.4 22.6 35.5 20.5 1.3 0.2 0.3 4 -
841136 14.5 d.1 TB -- 5S 100-140 B04 13.4 20.1 22 -37.5 19.4 43.1 1.d 0.2 -- TR841137 12.8 .. ..6S 105-laO 805 6.6 11.0 24.0 22 -82.2 17.2 0.6 7.1 0.9 0.1 T2
15.1 - -22.1 
 -- 0.5 0.1-

- 31 --
ORGN TOTAL 
EXTH TOTAL (- - DITII-CIT
C N - -) (RATIO/CL4Y) (ATTERBERGp 5 ) (- BULKSAMPLE lIZN EXTRACTABLE UENSITY -) CO.E (- 15 - LIMITS -WATER CONTENT -Fk AL - FIELD 1/3 -) WRD

NO. No. 6AIC 6b3A MN CEC BAR LL PI MOIST 
OVEN WHOLE FIELD 1/10 1/3 15 WHOLE613 6C20 BAR DRY
6G7A 6b2A 8D1 SOIL MOIST BAR8DI BAR
4F1 4F 4A3A BAR SOIL cZ
4AID 4AIH 
 4D1 
 4B4 4BIC 4B1C 
4B2A 4C1
< -PCT841132 2 9 OF <2MM1 3.20 0. 6 >11.7 2.2 PCT <0.48M <-841133 2 G.a5 0.094 0.5 0.55 0.74 63 - G/CC - - -> Ci"/CM <- 22 -PCT OF <2HM14.4 2.5 1.05 1.27 0.065 - -> CM/CM8411.34 0.1 0.133 0.59 0.56 39.6 29.7 0.1011.3 1.21 1.352.6 0.1 0.037841135 0.15
4 0.65 0.80 48 12 36.2 29.3 0.0815.b 1.33 0.029841136 2.6 0.1 0.10 1.22 

5 0.39 0.63 35.6 26.6 0.111.2816.0 2.7 1.37 0.023841137 6 0.45 0.1 0.08 0.68 1.35 34.5 26.2 
 0.11
12.7 2.0 1.45 0.024
0.1 0.11 0.42 76 28 33.7 25.6 0.11
1.22 
 1.41 0.049 
 42.4 34.7 0.09
 

S -- ---------------------------------------------

CC 0 
N T IN U ATIO0N 
 O N 
 N E XT 
 P A GE ** 



-- -- - - - - - - - - - - - - - - - - - - - - - - - - - -

PACE 2 07 4 PAGES 
FINAL 

NATIONAL SOIL SURVEY LABORATORY
PEDON NO. 64P 217 

-11- -12- -13- -14- -IS- -16- -17- -18- -19- -20-
SAIPAN S d3GO-Obt, -U1 DATE 11/Zl/tQ 

-4-- -5--__,_-6-- ---- -b-- -9-- -10-

COND.(-... PH - - -)
(- N!I4OAC EXTRA'ABLY BASES -) ACID- EXTR - -... CEC - - -J AL -bXSE SAT- CO3 AS RES. 

CA MG NA t. SUm IY AL SUM N114- BASES SAT SUh NH4 CACO3 OHMS MMHOS NAF CACL2 H20 

OAC <2MM /CM /CM .01K 
SAMPLE dZN 5B5A 5B5& 5 05A _, 6A bASV. CATS OAC + AL 

5(1 5C3 5C1 6ElG 8E1 81 8CID 8ClF 8CIF
6H5A bG9A SAA 5ABH SA3B > 1:2 1:1b020 6112b b0211 - - - - -> <- -PtTNO. Nu. 6N22- - - - - - - - -MEL! I u 0 <- - - / ,. 

9.3 6.7 7.2 
1.7 0.2 0.5 21.7 10.5 32.2 22.3 67 97 --

841132 1 19.3 
 9.5 6.7 7.3
 
-- 6.8 C.4 15.2 6.9 45 99 --

841133 2 6.0 0.7 0.1 

b2 -- 9.2 6.9 7.1

Th -- 4.1 b.b 12.9 5.0 32
841134 3 3.7 0.4 


9.2 6.7 7.0
 
0.3 0.1 -- 3.4 9.6 13.0 4.3 26 79 --

8411-'1:) 4 3.0 
 9.1 6.5 6.9 
-- 2.3 9.0 11.3 3.1 20 74

841136 5 1.9 0.2 0.2 
9.6 6.4 6.9
 

TR 7.6 9.6 17.2 9.2 44 83

841137 6 o.4 1.0 0.2 


CAMIRAGY---------------------(---- IER ALOGY -r - ) 

- CLAY - - - -) 
--- - -l 

(---X-RAY - ) -- DTA -- ) TOTAL DOM 
(<20 - -) (- -<2 -- ) RES VEATH 

SAMPLE HZN 

7A21 7A2I 7A3 7A3 781A 7BlA
7A21 7A2I


NO. No. 

<- RELATIVE AMOUNTS -> <----- PCT - - - -> 

GI 3 KK 2 GE 2 LE 2 KK34 GI 9 
841132 1 
841133 2 

Gi 3 LE 2 GE 2 KK20 GI18
 
841134 3 

841135 4
 
841136 5 

KK 3 Gi 3 GE 2 LE 2 KK33 GI 6 
841137 6 

-----

DEPTH 25-100 PCT CLAY 42 PCT .1-75MM 17
YASILY CnSTROL SECTION: 

ANALYSES: 5= ALL Oh SIEVED <21M BASIS 

KK KAOLINITE GE GOETHITE LE LEPIDOCROCITMINERALOGY: KIND OF MINEIAL Gl GIBBSITE 

2 SMALL 1 TRACERELATIVE AMOUNT 6 INDETEHMIMATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 



-------------------------------------------------------------------------------

------------------------------------------------------------------------------

------------------------------------------------------------------------------
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NSSL
 

SUPPLEMENTAL 
 DATA SHEET
 

SPAIPAN 
 S83GQ-066-010
 

P (- -ACID OXALATE- -) (15-BAR WATER)
RETENT AL SI FE 

SAMPLE HZN DRY MOIST
* * * * 4B2A 4B2BNO. NO. <------ PCT OF <2MM-----
 > <--- PCT- - ->
 

84 1132 1 
 0.7 -- 0.3
84 1133 2 
 0.4 -- 0.2 
84 1134 3 0.3 -- 0.1 
84 1135 4 
 0.3 -- 0.1 
84 1136 5 0.4 -- 0.2 
84 1137 6 0.2 -- 0.2 

• Blakemore, L, C., P. L. Searle, and B. K. Daly. 
1981. Soil Bureau
Laboratory Methods. 
A. Methods for Chemical Analysis of Soils. New
Zealand Soils Bureau Scientific Report 10A. 
Dsiro, New Zealand.
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"P84GQO056 

(- -MINER-- - - MINERALOGY LOGY...........................-)... )
 

( --------------------------- OPTICAL ---------------------------- ------------ X-RAY--------- ) (---DTA--) (TOT ANAL) 
( -------------------------- SAND/SILT --------------------------- ----------------------- CLAY ----------------------- ) 

K20 FE
SAMPLE HZN FA RE 

NO. NO. 7B1A 7BIA 7BIA 7BIA 7B1A 7BIA 7BIA 7B1A 7B1A 7B1A 7BIA 7A21 7A21 
 7A21 7A21 7A21 7A3 7A3 6Q3A 6C7A 

< ----------------------- PCT-- ------------------------------ > < ---- RELATIVE AMOUNTS------ > <------- PCT---------- > 

GI 3 KK 2 GE 2 LE 2 KK34 GI 9 0.1 16.4
 
84P1133 2
 
84P1134 3 


84P1132 1 


GI 3 LE 2 GE 2 KK20 GI18 0.2 23.1
 
84PI135 4
 
84P1136 5
 
84P1137 6 KK 3 GI 3 GE 2 LE 2 KK33 GI 6 0.1 17.4
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA = FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: GE - GOETHITE GI - GIBBSITE LE - LEPIDOCROCITE KK - KAOLINITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE
 

4- MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT:
 

COMMENTS:
 



Series: Agfayan NSSL ID# 84P209

Soil Survey: #S83GU-06-02
 
Location: 
 Southfacing road cut along the E side of the road to 


Experiment Station about 1/4 km from Hway. 
Ija
 

Latitude: 130 
15' 10"N 
 Longtitude: 
1440 43' 10" 
E
Physiography: 
 Hillside in uplands
Slope Characteristics: 20% 
convex, south 
 Elevation: 35 
m MSL facing
Precipitation: 
 2600 mm 
 MLRA:181
Water Table Depth (cm): over 150 
 Permeability: Moderately slow
Parent Material:Andesitic, marine-deposited tuffaceous sandstone
Classification: 
 Clayey, 
shallow, montmorillonitic, 
isohyperthermic 
Udic
 
Haplustoll


Diagnostic Horizons: 
 Mollic epipedon
Described By:F.Young & J. Demeterio 
 Sample Date:09/83
 

Colors are for moist soil unless otherwise indicated
 

0i-2 to 
0 cm: Undecomposed swordgrass litter. Covers 
about 30% 
of soil
surface. Not in close contact with soil.
 

AI-O to 10 
cm; black (10 
YR 2/1) clay; black (10 YR
coarse prismatic parting 
2/1) moist; moderate
to 
moderate fine subangular blocky structure; 
very
hard, very firm, very sticky, very plastic; many very
few fine tubular and fine and fine roots;
many very fine interstitial 
pores; 
thin intermittent
surface layer with fine granular structure; up to
cracks
prisms; intermittent patches 

1 cm wide between

of fine gravel on about 
 10% of surface;
slightly acid; clear smooth boundary.
 

A2-10 to 20 
cm; black (10 
YR 2/I) gravelly clay; black
moderate coarse (10 YR 2/1) dry;
prismatic parting

structure; 

to moderate fine subangular blocky
very hard, very firm, very 
sticky, very plastic; many very 
fine
and fine roots; many interstitial and few fine tubular pores; 
gravcl content
15 to 20%; gravels can be crushed into 
coarse sand and rubbed to
cracks between prisms sandy loam;
are less than 
1 cm wide; medium acid; gradual smooth
 
boundary.
 

A/Cr--20 to 35 
cm; about 50% A and 50% Cr; 
A horizon material is black (10 YR
2/1) gravelly clay; moderate 
fine subangular blocky 
structure; 
very hard,
very firm, very sticky, very plastic; many very fine and fine roots;
acid. slightly
Cr material 
is yellowish brown

sandstone (10 YR 5/4) andesitic tuffaceous
which crushes to coarse sand; 
 common fractures,
manganese stains, few thin clay films and many fine and very fine roots aiong
the fractures; neutral; gradual irregular boundary.
 

Cr--35 


with bJack
 

to 152 cm; yellowish brown 
(10 YR 5/4) andesitic tuffaceous sandstone;
very pale brown when dry. Can 
be chipped with
fractures spade. Occasional deep
which contain black to 
 yellowish brown 
clay, saprolitic fine
gravel, and many very fine roots; 
neutral.
 

247
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SAMPLED A5: V!,'i FINF, riOtii,0hlLLt di,]'iIC I5s IIYPF.i, T I'tlC PARALITHIIC VlhIC HAPLUSTOLL 

FINAL U. S. DEPARTMENT OF AGRICULTUREDATL 11/2]/:14 SAMPLE IO. 84P10,5-10dQ5JLUGt-0bt -0u2 
SOIL CONSERVATION SERVICE 

NATIONAL SOIL SURVEY LABORATORY 
PEDON NO. b4P 209 

PROJECT NO. 84P 37
GIIAM 

LINCOLN, NEBRASKA 68508
 

G?.NFNAL f'ITIIODS IBlA, 211, 2T; 
- -,-4- -- -'--0 - - -- u-- -9- -1 - - 1- -12- -13- -14- -15- -16- -17- -18- -19- -20- - 3--


0 

(- - TOTAL - - -) (- -CLAY- -) (- -SILT- -) (------ SAND ---- -) (-COARSE FRACTIONS (MM) -) (>2MM) 

WEIGHT - - - - WT 
20 .1- PCT OF

CLAY SILT SAND kIIE C03 FINE COARSE v- F m C VC - - - -

SAmPLE iZN D;PTI IOPl7uN LT .002 .05 LI LT .002 .02 .05 .10 .25 .5 1 2 5 
-1 -2 -5 -20 -75 75 WHOLE 

NO. NO. (Cm) .002 -. 05 -2 .0002 .U02 -.02 -.U5 -. 10 -. 25 -.50 
- ----------- > <- PCT OF <75MM(3B1)-> SOIL<- ----------- PCT Or <2MM (3A1)-

4 1 -- 23 5 
b41035 9.6 7.1 6.1 3.7 3.6 5.4is u- lu Al 30.2 J5.9 25.9 26.3 

TR TR -- 22 TB 
20 A2 31.8 34.0 34.2 23.3 10.7 11.8 11.6 6.4 2.7 1.7

8410-lb 25 10-
25 -20.5 9.2 13.9 13.2 8.0 3.4 0.5 TR - 

841037 3S 20- 35 A/Ch 31.3 29.7 39.0 
5.8 11.0 17.2 19.5 23.0 10.04lUhb6 4G 35- 50 CR 4.6 13.9 81.5 8.1 70 

- -- 23 TR10.8 6.6 4.3 1.6 TR
841069 55 35- 5U A/CR 3u.7 30.5 3b.b 18.4 12.1 15.5 

OhGN TOTAL EXTR TOTAL (- - DITH-CIT - -) %rATIO/CLAT) (ATTERBE}tG) (- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WED 

OVEN WHOLE FIELD 1/10 1/3 15 WHOLEC N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 
MN CEC LAR LL Pi MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL 

- SAMPLE fIZZ| FF AL 
4C18D1 4F1 4F 4A3A 4A1D 4AIH 4D1 484 4BIC 4BIC 4B2A0 NO. NU. bAIC 6B3A 6R3A (C2B 6G7A 6D2A 8D1 

-> PCT <0.4Ml <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM
<------ PCT OF <2MM 

1.u 0.2 0.1 1.58 0.84 0.81 1.23 0.146 63.7 32.0 0.25
8410135 1 2.f6 0.214 

74 30 0.93 1.36 0.135 53.5 37.7 0.150.3 0.1 2.19 1.198410bt. 2 1.36 0.121 1.6 
0.87 1.21 0.116 55.1 44.8 0.09
2.31 1.43
8410j7 3 1.11 1.5 0.3 0.1 

30.3
1.1 0.2 TH 15.41 6.59841088 4 0.10 0.009 39.3
0.2 0.1 2.42 1.28
8410,19 5 0.5 1.2 


* C 0 N T I N U A T 1 0 N 0 N N E X T P A G E * 
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AGFAYAN S -uU, DAE FJIN-ObAL11216 

FINALPAGE 
PEDN NO. 84P 209 

2 OF 4 PAGES 
NATIONAL SOIL SURVEY LABORATORY 

-1- -2-5 - -- ---- 4--7 b -- -9 - - 0- 11- -12 -1 - -4 - -15- -16- -1 "7- -18 -19- -20

- ------- - - --- ---------------------------
(- N114OAC FX'RAC'TABLECA MG NA DASI.S -) ACID- FATR {- -K SuIl - CC - 1TY AL - AL -BASE:SAMPLE IIZN 505A 5d5A S UM NH4- BASES SAT Sun SAT- C03 AS RES. COND.(- 8-------------SA A5 bL2 S-ES N114 CACO3 0HMS - PH - - -)NO. No. 6u2 F bil2j) bP2. 6Q2,s CATS OAC 4 AL OAC <2M 

MMHOS NAF CACL2 H20615A bG9A 5A3A 5A66 5A3b 5GI 5C3 
/Cm /LM .01M5CI 6EIG 8E1 bI 8CID 8CIF 8CIF< -- 111 / 100 G -----------84110b5 1 31.8 19.b > <- ---- PCT >U.0 0.4 52.4 13.. 1:2 1:1841086 65.5 ,0.32 37.2 23.0 80 871.0 0.4 61.6 13.3 74.9 69.7 8.6 6.1 6.4841087 3 39.2 23.4 1.1 0.3 82 6864.0 13.3 8.8 6.077.3 72.3 6.784106J8 4 37.5 22.1 i3 891.2 0.2 61.0 9.1641089 70.1 70.9 8.6 6.0 6.55 40.3 24.4 1.4 a7 860.4 66.5 13.7 80.2 74.2 8.9 6.1 6.983 90 8.9 6.2 6.5 

-(
SA-(-L-
 - - CLAYMIN -_ER ALOGY - - ---- --)- - - - - -  -
L O
SO. N 


(---7A21 7A21X-RAY- - - - - -DTA -- ) TOTAL DOM(----- 7A2I<2U --- -)(- -<2U7A21
841<35 7A3 -- ) RES WEATH1 7A3 7BIA841t035 1 7BIA
<- RELATIVE AMOUNTS -> <-----PC
841086 2 - - - ->MT 4
8 4 1 0 8 7(: 3 

KK 2 KK13HT 4 KK 2 
 KX1841088 4 
K 1 

MT 3 KX 2 KK12841089 5 

FAMILY CONTROL SECTION: DEPTH 0- 35 PCT CLAY 33 PCT .1-75nM 24 
ANALYSES: 
 S= ALL ON SIEVED <2MM BASIS 
 G= <2an ON GROUND <75MM BASIS 
 P= FABRIC ON <75MM 
FRACTION
 

MINERALOGY: 
KIND OF MINLRAL 
 PIT MONTMORILL 
 KK KAOLINITE
 

RELATIVE AMOUNT 
 6 INDETERMINATE 
 5 iOMINANT 
 4 ABUNDANT 
 3 MODERATE 
 2 SMALL 
 1 TRACE
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N S S L 

SUPPLEMENTAL 	 DATA SHEET 

AGFAYAN 	 S83GQ-066-002
 

P (- -ACID OXALATE- -) (15-BAR WATER) 

RETENT AL SI FE 
DRY MOIST 

* * * 4B2A 4B2B3AMPLE HZN * 
NO. NO. <---- -- PCT OF <2MM----- > <- - -PCT- - -> 

1 21 0.3 0.1 0.5 32.3 32.0
84 1085 

0.4 0.1 0.4 35.3 37.7
84 1086 	 2 21 


3 25 0.3 0.1 0.3 37.4 44.8
84 1087 

84 1088 4 0.3 0.1 0.1 30.3
 

5 	 0.3 0.1 0.2 39.3
84 1089 


* Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau 
A. Methods 	for Chemical Analysis of Soils. New
Laboratory Methods. 


Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
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~-------- ----------------------------------------------------------- INRY---------------------------------------------SAMPLE HZN NO..NO.--- -------------------------------------------------SAMPLE----------------------------------------SADSL---------- X--- Pae4o4fA . . . . R. - SAND/SILT------------------. .-..-- -A- -R.. ---- - - - - OPT-I CA-L - - -- ------- X-A ---------
NO'O 7 I
B A 


CLAY --- --- ---
7BAO 7B1A <O. 7B1A--------- 7BIA 7BIA 7BlA 7BIA 7BIA 7B1A 7A21------------------------------------- 7BIA 7B1A ------------------------------ 7A21 7A2I 7A21 7A21 7A3 7A3 6Q3A 6C7A> <---- RELATIVE AMOUNTS------ > <------- PCT ---------- > 

84P1088 484PI087 3 MT 4 KK 2 
 KK13KK19 0.50.4 7.8
7.6
 
84PI089 5 


MT 3 KK 2 
 KKI2 0.4 4.6
 

ANALYSES: 
 S=ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA , FRACTION ANALYZED RE - RESISTANT 

KIND OF MINERAL: MT MONTMORILLONITE KK - KAOLINITE 

RELATIVE AMOUNTz 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT:
 

COMENTS: 



NSSL ID#84P0210
Akina 


Soil Survey: #S83GU-006-003 
an erosional bank on the Ijr Experiment 

Series: 


Guam adjacent to
Location: 

Station
 
130 16' 27"N Longtitude: 1440 42' 50" E
 

Latitude: 

Physiography: Volcanic uplands
 

facing Elevation: 95m MSL

Slope Characteristics: 4%, east 


MLRA:181
Precipitation: 2600 mm 

over 150 Permeability: Moderate
Water Table Depth (cm): 


Well drained
Drainage: 

Parent Material: Volcanic residuum
 

Very fine, Oxidic, isohyperthermic Udic Rhodustalf
Classification: 

Diagnostic Horizons: Argillic
 

F. Young & J. Demeterio Sample Date: 09/83
Described By: 


This pedon represents the more strongly expressed range of the 
Akina series.
 

for moist soil unless otherwise indicated.
Colors are 


(2.5 YR 3/4) silty clay; moderate medium
A--O to 10 cm; dark reddish brown 


subangular blocky structure; 2 cm surface layer is moderate fine and very
 

fine granular; hard, firm, sticky, plastic; many very fine and fine roots;
 

very strongly acid; gradual

many very fine interstitial and tubular pores; 


smooth boundary.
 

(2.5 YR 4/6) dry; moderate

Btl-10 to 20 cm; dark red (2.5 YR 3/6) clay, red 


coarse prismatic structure parting to moderate medium angular blocky; hard,
 

fine exped roots; common very fine tubular
 
firm, sticky, plastic; many very 


thick dark reddish brown
 
and few very fine interstitial pores; continuous 


(2.5 YR 3/4) clay films on prism faces; common thin clay films on blocky ped
 

faces and lining pores; strongly acid; gradual wavy boundary.
 

red (2.5 YR 4/6) dry; moderate
dark red (2.5 YR 3/6) clay;
Bt2-20 to 40 cm; 

parting to moderate medium subangular blocky;


coarse prismatic structure 

fine exped roots; common very fine
 

hard, firm, sticky, plastic; common very 

thick dark reddish
interstitial pores; continuous
tubular and few very fine 


brown (2.5 YR 3/4) clay films on prism faces, common thin clay films on
 

blocky ped faces and lining pores; strongly acid; diffuse 
wavy boundary.
 

(2.5 YR 4/6) dry; weak very

Bt3--40 to 60 cm; dark red (2.5 YR 3/6) clay; red 


fine subangular blocky structure; firm, sti:ky, plastic; common very fine
 

pores; few moderately

exped roots; few very fine inters__tial and tubular 


on ped faces and lining pores; about 10% fine
 
thick and many thin clay films 


gravel sized saprolite, pale yellow (2.5 YR 7/4) with reddish yellow (7.5 YR
 

6/8) stains; strongly acid; gradual wavy boundary.
 

252
 



BW/C-60 to 
 110 cm; clay, 50% dark red (2.5 YR 3/6) with weak very
subangular fine
blocky structure 
and 50% pale yellow (2.5 YR 
7/4) reticulate
joints and bedding planes with 
rock structure; 
fiim, sticky, plastic; few
very fine roots: 
few very fine tubular and interstitial pores; few thin clay
films lining pores; strongly acid; diffuse wavy boundary.
 

Cr--ll0 to 
152 cm; silty clay; saprolite, about half is 
dark red (10 YR 3/6)
in coarse blocks and half as white (2.5 YR 8/2) in a reticulate pattern along
joints and bedding planes; 
rock structure; 
firm, sticky, plastic; few very
fine roots; many 
very fine tubular and 
common interstitial
moderately thick yellowish red 
pores; many


(5 YR 5/8) clay films in very fine pores and
along plane faces of the white material. Red material is firmer and contains
fine saprolitic flecks; strongly acid.
 

253
 



AKINA
 PAGE 1 OF 4 PAGES 

:;AMPLbj) AS: FINE, t*AOLINITIC, ISOHYIFR'T4Eh1iC OU1C USTROPEPT 

S d3GQ-U-bo -003 DAI? 11 /.1/14 sAMPLE NO. 84P1090-1097 U. S. DEPARTMENT OF AGRICULTURE 
PEDON NO. 84P 210 SOIL CONSERVATION SERVICE 

GUAM1 PROJECT NO. 84P 37 NATIONAL SOIL SURVEY LABORATORY 
LINCOLN, NEBRASKA 68508 

GENERIAL METIODS IBIA, 2A1, k-9 

-1-- -2-- -. 3-- -4-- -5-- -6-- -1-- -6-- -9-- --- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20

(- - -TOTAL - - -) (- -CLAY- -) (- -SILT- -)( ------ SAND-) (-COARSE FRACTIONS(mm)-) (>2MM) 
CLAY SILT SAND IINF C03 FINE COARSE VF F M1 C VC - - - - WEIGHT - - - - WT 

SAIPLE tIZN DFPTH HORIZON LT .002 .05 LT LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT OF 
NO. No. (Cm) .002 -.05 -2 .U002 .002 -. 02 -. 05 -.10 -.25 -.50 -1 -2 -5 -20 -75 75 WHOLE 

<-------------- 'CTF <2M (3AI) - - - -- > <- PCT OF <75M (3B1)-> SOIL 

8410JU iS 0- 10 A 65.5 28.2 6.3 22.9 5.3 2.4 1.8 0.9 0.7 0.5 TR - -- 4 -

841091 25 10- 20 BO1 68.,1 k5.0 6.1 20.1 4.9 2.8 1.9 0.b 0.4 0.2 TR TR -- 3 -

841092 35 20- 40 B02 62.1 31.2 6.7 23.9 7.3 3.3 2.0 0.7 0.4 0.3 1 1 -- 5 2 
841tA3 45 40- 60 8W 50.5 35.0 14.5 25.7 9.3 5).3 4.5 1.8 1.2 0.7 TH .. .. 8 -

8410i4 Is b-110 bW/C 49.4 30.3 20.3 23.2 7.1 6.5 5.8 3.6 2.8 1.6 TR . . 14 -

841095 65 110-150 C 44.4 33.2 22.4 25.0 8.2 5.6 4.6 3.7 4.9 3.6 TR TR -- 17 -

84106 7 110-150 C-WIll o2.0 2-.9 1J.1 23.6 6.3 2.9 1.4 0.8 1.2 1.8 5 
641047 v)G 110-150 C-RED 30.1 33.2 30.7 23.0 10.2 8.2 8.0 5.6 5.6 3.3 22 

Ln 
Li' OHGN TOTAL EXTR TOTAL (- - DITH-CIT - -) (HATIO/LAY) (ATTEIIBERG 8BLL(- DENSI'TY -) COLE (- - -WATER CONTENT - -) WRD 

C N P S EXTRACTABLE 15 - LIdITS - FIELD e/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE 
SAMPLE IHZN FF AL .N CEC bAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL 

Nu. NU. bAIC 683A bR3 LC2D 6G7A 6D2A 8D1 801 4FI 4F 4A3A 4AlD 4AIH 4D1 4B4 4B1C 481C 4B2A 4C1 

< PCT OF <2MM ---- > PCT <0.4M1 <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> CM/CM 

34 1090 1 5.04 0.309 10.3 0.8 0.1 0.44 0.55 74 24 0.8f) 1.24 0.130 57.8 36.1 0.19 
841u'j1 2 2.81 0.19b 10.5 0.8 TH 0.30 0.56 1.03 1.37 0.100 49.7 38.9 0.11 
u410.92 3 1.53 0.11b 10.2 0.8 TR 0.2b 0.62 1.12 1.37 0.069 46.4 38.5 0.09 
841093 4 0.63 10.3 0.8 TR 0.22 0.85 U2 29 1.04 1.30 0.077 52.0 42.9 0.09 
b41U,4 : 0.31 10.4 0.6 -- 0.39 0.89 1.02 1.21 0.059 52.9 44.1 0.09 
94109', 6 0.21 10.4 0.6 - 0.38 1.07 77 25 0.99 1.22 0.072 57.3 47.7 0.10 
841u9b 7 0.IJ 2.9 0.3 -- 0.32 0.60 37.1 
84 1097 b 0.15 12.8 0.7 TR 0.34 0.87 31.5 

*** C 0 N T I N U A T 1 0 N 0 m N E I T P A G E *** 
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AKISA FINAL PAGE 2 OF 4 PAGES s b3t;C-Ott -uui DATE l1/21/b4 
 PEDON %0. 
84P 210 NATIONAL SOIL SURVEY LABORATORY 

-11-
-11- -12- -13- -14- -15- -16- -17- -18- -19- -20--~ 
 ~-------------------------------------------------------------------------------------------------------------


(- NI4iAC FXTR!.LTABLP fASES -) ACID- rX7H (-CA - - -CEC - - -) AL -bASE SAT- --------------------PG NA K SUM C03 AS RES. COD. (-SAMIL, 
ITY AL SUM 11114- BASES SAT SUBl - - -PH - - -)HZN 5135A rLiSA 585A 5bfnA bASES NH 4 CACO3 OHMS MMIIOS NAF CACL2CATS OAC H20NO. NO. 6N2Fn bO2D 6P2h 6V256H 5A tG9A 

+ AL OAC <2MM /CM !C .01n5A3A 5Add 5A31 5t1 5C3 5CI 6ElG 8E1 81 8CID 8CIF 8CIF 
< 

t/ 100 4; .d410,40 _> <- ---1 3.4 6. t TR 0.5 10.5 26.3 -PCT - --- >1.9 Jb.d 28.9 12.4 is 1:2 1:1841U91l 29 3t2 1.4 2.7 Tk T7 4.1 23.6 7.9 4.4 5.04.3 27.7 20.7841092 3 1.1 2.6 8.4 51 15 20TK -- 3.7 20.0 4.2 23.7 15.9 8.7 4.2 4.97.9 5334 10!-3 4 1.0 2.8 TH 16 23 -- 3.8 16.5 2.9 9.0 4.4 5.020.3 11.3 
 6.7
341014 43 195 3.2 6.8 0.1 34-- 10.1 14.3 1.5 24.4 19.5 11.6 9.3 4.6 5.1841095 13 410 2.5 4.2 0.3 -- 527.0 15.6 3.0 22.6 16.7 10.0 30 
9.3 4.5 5.3841096 "I 3.0 4.8 31 420.1 -- 7.9 16.1 4.6 24.0 19.7 12.5 37 
9.3 4.3 5.0

841097 a 2.4 3.4 33 400.1 -- 5.9 13.3 1.4 19.2 12.4 9.4 4.5 5.07.3 19 
 31 48 
 9.1 4.5 5.1
 

SA- -LE -NMINERALOGY ._.
 
N -
 CLAYNOL h-<2------U 
(-- -- X-RAY---------7A21 -DTA -- ) TOTAL7A21 7 DOM7A2I - A2Z 
 - 7A3-<2U --7A3 RES WEATH
7BlA 
 7BIA 
<- R.LATIVE AMOUNTS -> 
 <-
 -PCT- d41090 - -> n1 


8410911 384 1092 2 KM 3 
 KK51
K841093 4 KK 3 
 KK55 GI
KK 4 
 KF58 GI84 10 9 5
64 1094 6K5 

b41096 7 58 G 
KK 5 KK78 GI
841097 8 

KK 3 
 KK65
 

FAMILY COITROL SECTION: iEppTh 25-100 PCT CLAY 52 PCT 
 1-75Mm 11
 
ANhLYSFS: 
 S= ALL ON SIEVED <2M?, BASIS G= <2MM ON GROUND <75Mn BASIS 
 P= FABRIC ON 
<75MM FRACTION
 

MINERALOGY: 
 KIND OF MINRAL KK KAOLINITE GI GIBBSITE 

RELATIVE AMOUNT 
 6 INDETERMINAIE 
 5 DOMINANT 
 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
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N S S L
 

S U P P L E M E N T A L D A T A S H E E T
 

AKINA S83GQ-066-003
 

P (- -ACID OXALATE- -) (15-BAR WATER) 

RETENT AL SI FE 
DRY MOIST 

* * * 4B2A 4B2BSAMPLE HZN * 
NO. NO. < ------ PCT OF <2MM----- > <- - -PCT- - -> 

84 1090 1 26 0.4 0.1 1.0 33.4 36.1
 
84 1091 2 26 0.4 TR 0.7 33.5 38.9
 
84 1092 3 25 0.4 TR 0.5 35.4 38.5
 
84 1093 4 28 0.3 TR 0.2
 
84 1094 5 26 0.3 TR 0.1
 
84 1095 6 26 0.3 TR 0.1
 
84 1096 7 0.3 TR TR
 
84 1097 8 0.3 0.1 0.2
 

* Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau 

Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
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NRL------------------------------------------------------------
-- MINERALOGY-------------------- AY --------------- T----(TOT-ASAND/SILT------------------------------------------------------------------- /IALT ---------------------------- C------------ - ----- C----A----) 

L ) 
SAMPLE HZN FA RE (TOT ANAL)
------------ LY-------------


NO. NO. 7B1A 7BIA 7BlA 7BlA 7BlA 7B1A 7BIA 7BMA 
7BlA 7B1A 7BlA 7A21 7A21 7A21 7A21 7A21 
 7A3 "iA3 6Q3A 6C7A 
< ---------.------------------------------ RELATIVE AMOUNTS ------ > < ----

84P1090 1 RLTV ---- AMUS------- ------ --PCT----------->KR-3------0.1-7.5
 
84PI091 2 
 KK 3 KK51 0.1 7.5
 
84P1092 3
84P10934 KK 3 KK55 GI<1 0.1 9.184PI094 5 
 KK 4 
 KK58 GI<1 0.0 9.1
 

84P1095
84PI0967 68
84PI097 

KK 5 
 KK78 GI<1 0.0 2.6
KK 3 
 KK65 
 0.1 9.5
 

ANALYSES: S=ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA - FRACTION ANALYZED 
 RE - RESISTANT 

KIND OF MINERALt KK = KAOLINITE GI - GIBBSITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE
 

MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAYz.
 

FAMILY PLACEMENTs
 

COMMENTS: 



SERIES: Akina 
 NSSL ID #% 84P0211
 
SOIL SURVEY # S83GU-066-004
 
00CATION: Guam. Adjacent to erosional bank on the Ija Experiment Station.
 
LATITUDE: 13-16-27-N LONGITUDE: 144-42-50-

PHYSIOGRAPHY: Upland slope in level or undulating uplands

SLOPE CHARACTERISTICS: 4 %, east facing ELEVATION: 095 m MSL
 
PRECIPITATION: 2600 mm Xeric moisture regime MLRA: 181
 
WATER TABLE DEPTH: > 150 cm PERMEABILITY: Moderate
 
DRAINAGE: Well drained LAND USE: Pasture land and native pasture
 
STONINESS
 
PARENT MATERIAL: volcanic residuum
 
CLASSIFICATION: Fine, kaolinitic, isohyperthermic Ustoxic Dystropept

DIAGNOSTIC HORIZONS: 4 to 45 cm Cambic
 
DESCRIBED BY: F. J. Young J. L. Demeterio SAMPLE DATE: 09/83
 

A--0 to 4 cm; silty clay loam; dark reddish brown (2.5YR 3/4) moist;
 
moderate fine and medium subangular blocky structure; firm, sticky, plastic;
 
many very fine and fine roots; many fine interstitial and tubular pores;
 
strongly acid; clear smooth boundary.
 
Many fine vertical cracks. Strong very fine granular structure on the surface.
 
84PI098
 

Bo--4 to 18 cm; silty clay; dark red (2.5YR 3/6) moist; moderate fine
 
subangular blocky structure; firm, sticky, plastic; few thin clay films on face
 
of peds; few thin clay films in root channels and/or pores; common pressure

faces on faces of peds; many very fine roots; many very fine interstitial and
 
tubular pores; strongly acid; gradual smooth boundary.
 
Ped faces are dark reddish brown (2.5YR 3/4). Common fine continuous vertical
 
cracks.
 
84P1099
 

Bw--18 to 45 cm; silty clay; dusky red (lOR 3/4) moist; weak coarse
 
subangular blocky structure; firm, sticky, plastic; common pressure faces on
 
faces of peds; common very fine and few fine roots; many fine interstitial and
 
tubular pores; strongly acid; diffuse smooth boundary.

Ped faces are dark reddish brown (2.5YR 3/4). Common fine continuous vertical
 
cracks with yellowish red t5YR 4/6) faces containing many very fine roots. Few
 
very fine saprolitic flecks increasing with depth.
 
84P1100
 

Cl--45 to 80 cm; silty clay loam; dark red (IOR 3/6), red (2.5YR 4/8), and
 
white (2.5Y 8/2) moist; massive rock structure; friable, slightly sticky,
 
slightly plastic; few very fine roots; commrn very fine and fine tubular pores;

strongly acid; diffuse smooth boundary.
 
Saprolitic tuff composed of sand and fine gravel sized flecks of variable color
 
Occasional angled joint of bedding pla ! present. Few fine continuous vertical
 
cracks from Bw horizon.
 
84P1101
 

C2--80 to 120 cm; silty clay loam; dark red (10R 3/6), red (2.5YR 4/8),

and white (2.5Y 8/2)moist; friable, slightly sticky, slightly plastic;

continuous yellowish red (5YR 4/8) clay films in root channels and/nr pores; few
 
very fine roots; common very fine and fine tubular and few medium tubular pores

strongly acid; diffuse smooth boundary.
 
Saprolitic tuff as described above. Occasional angled joint or bedding plane
 
present.
 
84P1102
 

C3--120 to 15- cm; silty clay loam, saprolite.
Like above but with fewer clay skins in pores. Separated for sampling purposes 
4P1103 258 



AKINA 
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5 b3GO-066 -004 DATr FINAL11/21/d4 SAMPLE NO. 84P1098-1103 U. S. DEPARTMENT OF AGIICULTURE 

GPUAM 

GENd- AL ME'IODS 191h, 241, 23 

PEDON NO. 84P 
PHOJCT NO. 84P 

211 
37 

SOIL CONSERVATION SERVICE 
NATIONAL SOIL SURVEY LABORATORY 
LINCOLN, NEBRASKA 68508 

-1--------- -4-- -5-- -6-- -7-- -8-- -9-- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-

SAMPLE 
gO. 

841090 
841099 
841100 
841101 
841102 
841103 

lIEN 
NO. 

iS 
25 
3S 
4S 
!G 
tG 

DPTH 
lCm) 

0- 4 
4- 18 

18- 45 
45- 80 
80-120 

120-150 

HORIZON 

A 
BO 
BW 
Cl 
C2 
C3 

- -TOTAL 
CLAY SILT 
LT .002 
.002 -.uS 

< 

57.6 33.8 
61.2 30.8 
44.0 37.7 
3.3.6 34.7 
32.4 39.6 
39.6 36.7 

) 
SAND 
.05 
-2 

8.6 
8.0 

18.3 
31.7 
28.0 
23.7 

( -CLAY- -) 
FINE CO3 
LT LT 

.0002 .002 

PCT 

(- -SILT- -)( ------
FINE COARSE VP 
.002 .02 .05 
-.02 -.05 -. 10 

OF <2MM (3A1) -------

26.5 7.3 3.8 
23.7 7.2 4.2 
30.5 7.2 8.3 
28.0 6.7 10.2 
28.6 11.0 11.5 
27.3 9.4 9.8 

F 
.10 
-. 25 

2.b 
2.0 
8.4 

12.0 
7.8 
6.5 

SAND-) 
M 

.25 
-.50 

1.1 
0.8 
1.0 
4.8 
4.8 
4.1 

C 
.5 
-1 

0.6 
0.5 
0.5 
3.7 
3.3 
2.9 

VC 
1 
-2 

> 

0.5 
0.5 
0.1 
1.0 
0.6 
0.4 

(-COARSE FRACTIONS (MM) -) 
- - - - WEIGHT - - - -
2 5 20 .1-
-5 -20 -75 75 

<- PCT OF <75MM(351)-> 

TB - -- 5 
.. .. .. 4 

TR - - 10 
TH - - 21 
TR - - 16 
TB - -- 14 

(>2MM) 
WT 

PCT OF 
WHOLE 

SOIL 

-

-
-

-

--

SAMPLE 
NO. 

841098 
841099 
841100 
841101 
841102 
841103 

ORGN T( rAL 
C N 

HZN 
NO. 6AIC 633A 

----------

1 4.39 0.302 
2 2.02 0.178 
3 0.87 0.065 
4 0.36 
5 0.1d 
6 0.13 

EXTR TOTAL (- - DITH-C.ET - -
P S EXTRACTABLE 

FE AL MN 
6R3A bC2B 6G7A bD2A 

PCT OF <2Mn -> 

10.3 0.8 0.1 
9.5 0.8 TB 
9.7 0.6 TR 
7.1 0.4 TB 
10.1 0.5 Tft 
10.3 0.5 0.1 

(RATIO/CLAY) 
15 

CEC BAR 
8D1 8D1 

0.48 0.58 
0.26 0.64 
0.50 1.03 
0.63 1.35 
0.74 1.41 
0.62 0.76 

(ATTEBERG)(- BULK DENSITY -) COLE (- - -WATER CONTENT - -) 
- LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 
LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR 

'Iq 4F 4A3A 4AID 4AIH 4D1 4B4 4BIC 4B1C 4B2A 

PCT <0.4MM <- - G/CC .-- > CM/C <- - -PCT OF <2MM - -> 

33.2 
71 30 1.05 1.41 0.103 49.3 39.3 

0.90 1.34 0.142 59.9 45.4 
0.81 1.07 0.097 71.3 45.4 
0,77 0.96 0.076 73.5 45.6 

72 29 0.79 0.96 0.067 72.4 30.2 

WRD 
WHOLE 
SOIL 
4C1 

CM/C 

0.11 
0.13 
0.21 
0.21 
0.33 

o 
L. 

*** C O W T 1 N a A T I O N 0 N N E X T P A G E ,,, 
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-- - - --------------------- ------ ------ 
- - - -- - -

FINAL PAGE 2 OF 4 PAGES 
AKINA F b3WA-06(. -tiU4 DATE 11/21/o4 PEDON NO. 84P 211 NATIONAL SOIL SURVEY LABORA'ORY 

-1--- --- -4-- -5-- -6-- -7- -8- -9- -10- -11- -12- -1- -14- -15- -16- -17- -18- -19- -20

------------- 1--------------- ----------------------------------
(- NH4OAC EXTIACTABLE 4ASIS -) ACID- FXTR (- - - -CEC - - -) AL -BASE SAT- CO3 AS RES. COND.(- -PH - - -)

CA Mu NA K SliM Illy AL Sum h114- BAS ES SAT SUM NH4 CAC03 OHMS MMHOS NAF CACL2 H20
SAMPLL IlZN 5B5A 5u,5A 5HSA 516A IsASES CATS OAC + AL OAC <2MM /Cm /CM .015 

ho. NO. UN2F (02U 6P2u 6Q21 6H5A 6G9A 5A3A SARB 5A3 5GI 5C3 SC1 6EIG 8H1 81 8C1D 8CIF OCIF 
< -------------- MFQ /100 G ----------- > ------ PCT > 1:2 1:1 

b410'd8 1 3.5 9.2 0.1 0.o 13.4 24.3 1.0 37.7 27.6 14.4 7 36 49 8.4 4.5 5.3

d41099 2 1.2 3.3 0.1 4.b 21.7 5.2 26.3 16.1 9.d 53 17 29 8.5 4.2 4.9
 
841100 3 0.8 3.5 Th 0.1 4.4 23.6 9.2 28.0 21.8 13.b bd lt 
 20 9.5 4.2 4.9

841101 4 1.0 3.7 0.2 TR 4.9 23.7 9.0 2b.6 21.2 13.9 65 17 23 
 9.3 4.1 5.0

841102 5 1.0 4.5 0.4 0.1 b.0 24.3 10.3 30.3 24.0 16.3 b3 20 25 9.5 4.3 5.0

s41103 b 1.4 b.9 0.2 0.1 8.6 
 22.4 7.9 31.0 24.5 16.5 48 28 35 
 9.2 4.3 5.1
 

- -MINERALOGY --------- ) 
- CLAY- --- -- -- ) 

SAMPLE HZN ( - X-RAY----- ) (- -DTA -- ) TOTAL DON(- ---- <2U - -(- -- -- <2U -- ) RES VEATH
NO. NO. 7A2I 7421 7A2I 7421 7A3 7A3 iBIA 7B11 

<- RELATIVE AMOUNTS -> <- -PCT - - - -> 

84109 KK 2 KK42 
C 841099 2 KK 3 KK61
 

841100 3 
 KK 3 KK64
 
u4110 1 4
 
841102 5
 
841103 6 
 KK 3 KK52
 

- -

FAMILY CIhTHOL SECTION: DEPTH 
 25-100 PCT CLAY 36 PCT .1-5MM 17
 

ANALYSES: 5= ALL ON SIEVED (2MM BASIS 
 G= <2MM ON GROUND <75MM BASIS
 

MINEIALOLY: KIND OF MINERAL KK KAOLINITE
 

RELATIVE AMOUNT 6 INDETERMINATE 5 DOMINANT ' ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 



---- -------------------------------------------------------------------------

---- ------------------------------------------------------------------------

---- ------------------------------------------------------------------------
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NSSL
 

SUPPLEMENTAL 
 DATA SHEET
 

AKINA 
 S83GQ-066-004
 

P (- -ACID OXALATE- -) (15-BAR WATER)
RETENT AL SI FE 

DRY MOIST
SAMPLE HZN * * * * 4B2A 4B2B
 
NO. NO. < ------ PCT OF <2MM----- > <- - -PCT- - ->
 

84 1098 
 1 29 0.4 0.1 1.8 31.3 33.2
84 1099 2 29 
 0.4 TR 0.6 
 33.9 39.3

84 1100 3 
 28 0.2 0.4 0.7 33.2 45.4
84 1101 
 4 26 0.5 0.1 0.7 31.6 45.4

84 1102 5 
 29 0.5 0.1 
 0.8 30.0 45.6
 
84 1103 6 
 0.5 0.1 0.7
 

* Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. 
 A. Methods for Chemical Analysis of Soils. New

Zealand Soils Bureau Scientific Report 10A. 
Dsiro, New Zealand.
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( 	 - MINERALOGY LOGY.................... - ) 
--------------------------- OPTICAL ---------------------------- ) ( ------------ X-RAY--------- ) (---DTA--) (TOT ANAL) 
-------------------------- SAND/SILT --------------------------- ) ( ----------------------- CLAY------------------------

SAMPLE HZN FA RE K20 FE
 
NO. NO. 7B1A 7B1A 7BIA 7BIA 7BIA 7BIA 7B1A 7B1A 7B1A 7BIA 7BIA 7A2I 7A2I 7A2I 7A2I 7A2I 7A3 7A3 6Q3A 6C7A
 

< -----------------------PCT ------------------------------ > <---- RELATIVE AMOUNTS------ > <------- PCT---------- >
 

84P1098 1 KK 2 KK42 0.2 9.0
 
84P1099 2 KK 3 KK61 0.1 7.6
 
84P1100 3 :v 3 KK64 0.1 4.7
 
84PI101 4
 
84P1102 5
 
84P1103 6 KK 3 KK52 0.2 5.0
 

ANALYSES: S=ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA = FRACTION ANALYZED RE = RESISTANT 

KIND OF MINERAL: KK = KAOLINITE 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE
 

-MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT:
 

COMMENTS:
 



Series: 
 Togcha 
 NSSL ID# 84P0221
Soil Survey: 
 # 83GU-066-014

Lc'ation: 
 Guam, Ija Experiment Station near future pond site.
Latitude: 
 130 16' 30"N Longttude: 144 ° 42' 52" E
Physiography: 


Upland vally fill.
Slope Characteristics: 
8% northeast facing
 

Precipitation: Elevation: 90m MSL
2600 mm 
 MLRA: 181
Water Table Depth (cm): over 150 Permeability: Moderately slow
Drainage: 

Well drained
Parent Mater.al: 
 Alluvium from volcanic saprolite
Classification: 
 Fine, oxidic isohyperthermic Ultic Paleustalf


Diagnostic Horizons: 
 Argillic
Described By: 
 F. Young & J. Demeterio Sample Date: 
10/83
 

Colors are for moist soil.
 

A-0 to 12 cm; 
dark reddish brown (2.5 YR 3/4) silty clay; moderate very fine
amd fine subangular blocky 
structure; 
friable, sticky, plastic;
fine and many very
fine and few medium and coarse roots; 
many very fine
common medium and fine,
and few coarse tubular 
pores; strongly acid; 
 clear smooth

boundary.
 

Btl  12 to 27 cm; dark red 
(2.5 YR 3/6) and yellowish red
clay, colors in (5 YR 4/6) silty
a fine, reticulate pattern;

structure; weak very fine subangular blocky
friable, sticky, plastic; 

common very 

many very fine and common fine roots;
fine and fine 
and few medium tubular pores;
films on common thin clay
ped faces and lining pores; few black sand 
sized nodules; strongly
acid; 
clear wavy boundary.
 

Bt2-27 to 35 cm; 
yellowish red 
(5 YR 5/6) and dark red (2.5 YR 3/6) silty
clay, dark red 
in fine to 
medium patches and yellowish
elongated reticulate pattern; weak 
red in a fine
 

very fine subangulat 
blocky structure;
friable, sticky, plastic; 
common very fine and few fine roots; many very fine
and fine and 
few medium tubular pores; common thin cla/ 
films on ped faces
and lining pores; strongly acid; 
clear wavy boundary.
 

Bt3-35 
to 70 cm; dark red (2.5 
YR 3/6) silty clay;
blocky structure; very friable, sticky, plastic; 
weak medium subangular
 

very fine and fine and 
common very fine roots; many
few medium tubular pores; few
vertical ped faces; thin clay films on
few sand sized saprolitic flecks; 
strongly acid; 
clear
smooth boundary.
 

CI-70 to 80 cm; red (2.5 YR 4/6) silty clay; massive; very friable,plastic; few sticky,very fine roots; many very fine and finepores; material and few medium tubularis 95% sand sized saprolitic flecks which rub down; mediumacid; 
abrupt smooth boundary.
 

263
 

http:Mater.al


silty clay; massive; very friable,C2-80 to 105 cm; dark red (2.5 YR 3/6) 
fine to fine and common
sticky, plastic; few very fine roots; many very 


fi .= lining pores;

medium tubular pores; few thin red (2.5 YR 4/6) clay 


medium acid; abrupt smooth boundary.
 

YR 3/6) silty clay;C3-105 to 150 cm; red (2/5 YR 4/6) and dark red (2.5 
many very finemassive; very friable, sticky, plastic; few very fine roots; 

3%and fine and common -mdium tubular pores; material is 90% sand sized and 
down; weak stratification
fine gravel sized saprolitic flecks, all rub 


present, slight changes in color of saprolitic flecks, one strata containing
 

black grains; medium acid.
 

264
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GUAM 
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DAlf 
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SAtWL. No. l4P1159-1165 

PEDON NO. 221PROJECT NO. 84P84P 37 

PAGE 1 OF 4 PAGES 

U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICENATIONAL SOIL SURVEY LABORATORY 

GENRAL fiElHODS 1:11A, 2A1., 2B 

J - ---5- - -- 7 - -I -- , -10- -11- -12- -13- -14-

LINCOLN, NEBRASKA 

-IS- -16- -17- -18 

68508 

- -19- -20
-1---------------------------------------------

SAPLVNO. 

8411h9 
841160 
841161 
841162 
841163 
dl'11b4 
841165 

lZd DPHNO. (CI) 

is 0- 12 
2S 12- 27 
JS 27- 35 
4S 35- 70 
5S 70- 50 
S 80-105 

75 105- 150 

IORIZuN 

A 
oWl 
BW2 
BW3 
Cl 
C2 
C3 

(- - -TOIAL 
CLAY SILTLT .002.002 -. 05 

<- -PCT 

58.5 34.7 
5.2 34.3 
60.4 31.7 
c0.U 31.0 
55.9 32.6 
52.4 34.8 
52.4 29.5 

- - -) 
SAND.05-2 

6.8 
7.5 
7.9 
6.2 
11.5 
12.8 
lb.1 

- -CLAY- -) 
FINE Cu3LT LT.0002 .002 

( -SILT- - - --
FINE CUANSE VF.002 .02 .05-. 02 -. 05 -. 10 

OF <2Mn (3A)- -

27.5 7.2 3.3 
25.3 9.0 3.7 
23.0 8.8 4.2 
22.6 8.4 4.4 
23.6 9.0 4.9 
24.1 10.7 7.3 
20.6 8.9 8.3 

--
F.10-. 25 

-

2.1 
2.2 
2.0 
2.5 
3.2 
3.8 
5.5 

SAND-) 
M.25-. 50 

-----

0.8 
0.8 
0.7 
0.9 
1.8 
1.1 
2.2 

C.5-1 

0.4 
0.4 
0.5 
0.3 
1.2 
0.4 
1.3 

VC1-2 

> 

0.2 
0.4 
0.5 
0.1 
0.4 
0.2 
0.8 

(-COAkSE FRACTIONS(M)-) 
- - - - WEIGHT - - - -2 5 20 .1--5 -20 -75 75 

<- PCT OF <75MM (381)-> 

.. . .. 3 

.. .. .. 4 

.. .. . 4 

.. . .. 4 

.. .. .. 7 

.. .. .. 5 
TR TR - 10 

(>2MM) 
WTPCT OFWHOLE 

SOIL 

-

-

-

-

-

--

TR 

SAMPLE 
NO. 

b411:9 
841160 
841161 
841162 
8411u3 
841164 
8411b5 

UR;U1 TOTAL 
C N 

HIZN 
NO. 6AIC 633A 

< -------

1 3.01 0.311 
2 1.73 0.145 
3 1.11 
4 0.55 
5 0.JL 
6 u.26 
7 0.17 

EXTR TOTAL (- - DITH-CIT - -) 
P S EXTRACTABLE 

FE AL .3N 
oR3A bC2B 6G7A 6b2A 

PCT OF <2MB--- - - -- -> 

9.2 0.6 0.2 
10.3 0.8 0.1 
9.3 0.6 0.1 
7.5 0.5 0.1 
7.3 0.5 0.1 
7.0 0.4 0.1 
7.7 0.4 0.2 

(RATIO/CLAY) 
15 

CEC BAR 
8D1 8i 

0.bO 0.64 
0.50 0.b4 
0.42 0.65 
0.58 0.66 
0.ul 0.71 
0.89 0.78 
O.bb 0.78 

(ATTERBERG ) (- BULK DENSITY -) COLE (- - -WATER CONTENT - -)- LIniITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR 
4FI 4F 4A3A 4AID 4A1H 4D1 484 4BIC 4BlC 4B2A 
PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2MM - -> 

70 20 0.98 1.38 0.121 47.8 37.4 
1.10 1.44 0.094 44.2 37.2 
1.09 i.;44 0.097 45.1 39.0

68 22 1.05 1.45 0.114 49.4 40.0 
0.97 1.20 0.074 50.1 39.9
0.95 1.36 0.127 54.4 41.1

75 30 1.02 1.31 0.087 50.1 40.8 

WRD 
WHOLE 
SOIL 
4CI 

CM/CM 

0.10 
0.08 
0.08 
0.10 
0.10 
0.13 
0.09 

Ln 

----- --------------------------------------------------------------------------------------------------------

*** C 0 N T I1N U A T 1 0 N 0 N N K X T P A G E *** 
-



1uGCHA S oJGQ-066 -614 DAT' 
FINAL 

11/21/U4 PL)EDON RIO. 84P 121 NATIONAL SOIL 

PAGE 2 OF 4 PAGES 

SURVEY LABORATORY 

-1-- -2-- --- -4-- -5-- -6-- -I-- -b-- -q-- -u- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-

SAMPLE 
NO. 

(- NH4oAC EXIRACTABL, RAS-S -) ACID-
CA MG NA K Slim ITy 

iZ1 565A 5ii5A 5USA 5b5A bASES 
Nu. 6N2' 602D 6P2L6 602R 6HiA 

<------------ H.Q /100 G 

EXTR (- - -
AL SUn 

CATS 
6G9A 5A.A 
-----------

-CEC 
N114-

OAC 
5A8B 

-) 

nAS F 
+ AL 
5A3U 

> 

AL 
SAT 

5G1 
<- -

-bASE 
SUm 

5C3 
-

SAT- CO3 AS 
N4I4 CAC03 
OAC <2MM 
5C1 6E1G 

CT ----- > 

RES. 
OHMS 
/Cm 
SE1 

CONV.(-
MMHOS NAP 

/Cm 
81 8ClD 

- PH -
CACL2 
.0111 
8C1F 
1:2 

- -) 
H20 

8CIF 
1:1 

841159 
8411bO 
8411b1 
841162 
841163 
841164 
641165 

1 
2 
3 
4 
5 
6 
7 

3.7 
2.z 
1.o 
2.7 
2.4 
3.1 
2.4 

15.1 
11.1 
11.0 
21.0 
22.6 
33.3 
29.8 

0.3 
0. 

iH 
0.5 
0.7 
0.5 
U.5 

0.9 
0.4 
0.2 
0._ 
0.3 
0.3 
0.4 

2L.0 
14.3 
13.0 
24.5 
26.0 
J7.2 
33.1 

20.3 
20.6 
1b.7 
17.9 
16.1 
17.5 
15.4 

0.3 
1.7 
2.1 
1.7 

0.8 

40.3 
34.9 
31.7 
42.4 
42.1 
54.7 
4b.5 

j!.3 
29.1 
25.6 
35.5 
34.3 
46.7 
45.1 

20.3 
16.0 
15.1 
26.2 

3b.0 

1 
11 
14 
6 

2 

50 
41 
41 
5b 
62 
b8 
68 

57 
49 
i1 
b9 
76 
b0 
73 

8.6 
9.0 
9.4 
9.7 
9.5 
9.6 
9.4 

4.6 
4.5 
4.8 
4.8 
5.0 
5.1 
5.1 

5.4 
5.3 
5.2 
5.4 
5.6 
5.5 
5.6 

SAMPLE 
NO. 

HZN 
NO. 

- MINEHALOGY -------
I- - -( CLAY - ) 
- - - - X-RAY- - -- DTA - -) 

(- ---- <2U - - (- -<2U --
7A21 7A2I 712I 712I 7k3 7A3 
<- RELATIVE AMOUNTS -> <- -PCT 

-) 

TOTAL DON 
RES WEATH 

7B1A 7R1A 
- - - -> 

ON 
o-

841159 
841160 
841161 
841162 
841163 
841164 
841165 

1 
2 
3 
4 
5 
6 
7 

KK 3 

MT 3 

MT 3 

KK 3 

KK 3 

KK48 

KK39 

KK36 

GI 

GI 

FASILY CU TIIOL SECTION: DEPTH 25-100 PCT CLAY 58 PCT .1-758 5 

ANALYSES: S= ALL ON SIEVE.D <2f1M bASIS 

MINEhALOGT: KIND OF MINEHAL KK KAOLINITE NT MIOhTMORILL GI GIBBSITE 

Ri LATIVE AM.OIINT 6 INDETERRINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 
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N S S L
 

S U P P L E M E N T A L D A T A 
 S H E E T
 

TOGCHA 
 S83GQ-066-014
 

P (- -ACID OXALATE- -) (15-BAR WATER)

RETENT AL 
 SI FE
 

DRY MOIST
SAMPLE HZN 
 * * * 4B2A 4B2B
 
NO. NO. <------
 PCT OF <2MM----- > <- - -PCT- - ->
 

84 1159 1 13 
 0.3 0.3 
 2.0 32.5 37.4
84 1160 
 2 19 0.3 0.2 1.0 
 31.2 37.2
84 1161 
 3 19 0.4 0.2 0.6 
 32.9 39.0

84 1162 
 4 15 0.4 0.2 
 0.4 33.8 40.0

84 1163 5 
 11 0.3 
 0.2 0.3 33.2 39.9
84 1164 6 
 13 0.3 
 0.2 0.3 36.5 41.1
84 1165 7 
 11 0.3 0.2 0.3 
 35.1 40.8
 

• Blakemore, L. 
C., P. L. Searle, and B. 
K. Daly. 1981. Soil Bureau

Laboratory Methods. A. Methods for Chemical Analysis of Soils. 
New
Zealand Soils Bureau ScientifL c Report 10A. 
Dsiro, New Zealand.
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CP84GQ056
 

---------------------------------------------------- MINERALOGY-- ---------------------------------------------------- ) 
--------------------------- OPTICAL ---------------------------- ) (------------ X-RAY---------- ) ( --- DTA--t (TOT ANAL) 
-------------------------- SAND/SILT --------------------------- ) (----------------------- CLAY--------------------------

K20 FESAMPLE ZN FA RE 
7A3 7A3 6Q3A 6C7A
NO. NO. 7BIA 7B1A 7BIA 7BIA. 7BIA 7BIA 7BlA 7BlA 7BIA 7BlA 7BlA 7A21 7A2I 7A2I 7A2I 7A21 


< PCT- ------------------------------- > < ---- RELATIVE AMOUNTS ------ > <------- PCT---------- >PT 


84PI159 1 KK 3 KK48 0.3 9.8 

84PI160 2 
84P1161 3 
84P1162 4 MT 3 KK 3 KK39 GI<1 0.2 10.1
 

84PI163 5
 
84P1164 6 

MT 3 KK 3 KK36 GI<1 0.3 9.4
84P1165 7 


ANALYSES: S=ALL ON SIEVED < 2mm BASIS
 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT
 

KIND OF MINERAL: KK = KAOLINITE GI - GIBBSITE MT - MONTMORILLONITE
 

RELATIVE AMOUNT. 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 

NMINERALOGY BASED ON SAND/SILT:
 
C%
 
co MINERALOGY BASED ON CLAY:
 

PAMILY PLACEMENT:
 

COMMENTS:
 



Series: 
 Chacha 
 NSSL ID#84P0215
 
Soil Survey: # S83GU-066-008
 
Location: 
 Guam about 100 m W of Talofofo village along a farm road
 

and drainage ditch on the N side of the road.
 
Latitude: 
 130 21' 25" N Longtitude: 1440 45' 0" E
 
Physiography: Depression in rolling limestone plateau

Slope Characteristics: Level 
 Elevation: 85 m MSL
 
Precipitation: 2600 mm 
 MLRA: 181
 
Water Table Depth (cm): Over 150 
 Permeability Moderately slow
 
Drainage: Moderately well drained.
 
Parent Material: Sediments from argillaceous limestone
 
Classification: 
 Very fine, kaolinitic, isohyperthermic Oxic Paleustalf
 
Diagnostic Horizons: Argillic
 
Described By: 
 F. Young & J. Demeterio Sample Date:10/83
 

Type location. Farmers report drainage and 
trafficability problems during

the summer rainy season. Surface is 
irregular from past cultivation. Colors
 
are for moist soil.
 

Ap--0 to 20 cm; dark brown (10 YR 3/3) and dark yellowish brown (10 YR 3/4)
clay; colors mixed in an irregular very fine pattern; weak very fine
 
subangular blocky structure; firm, 
sticky, plastic; many very fine roots;
 
common very 
fine and fine tubular and few interstitial pores; common

subrounded dark concretions; few fine pieces of Bti 

fine
 
horizon present in lower
 

part; medium acid; clear wavy boundary.
 

BtI-20 to 58 zm; strong brown (7.5 YR 5/6) clay, few medium faint patches of 
yellowish red 
(7.5 YR 5/6); weak very fine subangular blocky structure; firm,
sticky, plastic; few very fine roots; conmmon very fine and few fine andmedium tubular and common very fine interstitial pores; conmon tAhin clay
films on pod faces and lining pores; many fine darksubrounded concretions
and nodules, suft to hard, irregularly distributed; neutral; gradual wavy 
boundary. 

Bt2--58 to cm; 50%/5 strong brown (7.5 YR 5/6), 30% yellowish red (5 YR 
4/6), ano 20% red (2.5 YR 4/8) clay, colors in a fine, irregular pattern;

moderate fine subangular blocky structure; firm, sticky, plastic; few very
fine roots; common very fine and few fine tubular and few very fine
interstitial pores; common thin clay films on ped faces and liling pores;
some pores stained by decomposing roots; red soil material is slightly more
brittle than the browner areas; mi.dlv alkaline; diffuse wavy boundary. 

Bt3-85 to 110 cm; 50" strong brown (7.TYR 5/6) :nd 50" red (2.5 YR 4/8)
clay; colors an irregular fine pattern with few fine prominent elongated
seams of very pale brown (10 YR 7,'), red soil material is slightly brittle
and pale brown seams are more sticky and plastic than the matrix; moderate
fine subangular blocky structure; friable, sticky, plastic; few very fine 
roots; common very fine and few fine tubular and few very fine in-erstitial 
pores; common thin pressure faces on ped faces; few thin clay films on ped 

269
 



faces and lining pores; some pores are stained with decomposing roots,
 

particularly in pale brown seams; mildly alkaline; diffuse wavy boundary.
 

Bt4--110 to 160 cm; 40% strong brown (7.5 YR 5/6), 40% red (2.5 YR 4/8), and
 

20% white (10 YP 8/1) clay; moderate fine subangular blocky structure;
 

friable , sticky, plastic; few very fine roots; common very fine and few fine
 

tubular and few very fine interstitial pores; pressure faces on all ped
 

faces; white materiol in long seams less than I cm wide tilted at approx. 45
 

degrees; red soil material is slightly brittle and white seams are more
 

sticky and plastic than the matrix; common dark brown (7.5 YR 3/2) staining
 

in pores in the white seams; mildly alkaline.
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CIIACIHA 

SA'iPLELJ AS: l I1N~ AAOLIITI 
e IsO y k'H" TH,R-MIC TIROPePTC FIITRUSTOX 

i33.-Oo -OOuh PAGE 1 OF 4 PAGES
I'A'T 11/21/b4 SAhl-LE NO. b4P1119-1125 [. S. DEPARTMENT OF AGRICULTURE

GUA3 PROJECi NO. 84P 37
PEDOr NO. 04P 215 SOIL CONSERVATION SERVICENATIONAL SOIL SURVEY 
LABORATORY
 
GENE tAL f'T1ODS 1:31A, 2A1, 2o 

LINCOLN, NEBRASKA 68508
 

9----12-- 1--l - -15- -16- -107- --- 19- -20

(- - -OTALCLAY SILT - - -) (- -CLAY- -)SAMPLE HIZNI SAND FINE SILT- " -DEPTU HO1Ilz( LT C03 FINE COARSE - - -SAND- ---
NO. .0(12 .05 LT LT .002 .02 VF F M C VC ) (-COARSE YRACTIONS (MM) -) (>2N.1)No. (CM) .002 -.Ol .05 .10 .25 .5 1 - - - - WEIGHT - - - - WT-2 .0002 .002 -.02 -.05 -. 2 5 20 .1- PCT OF10 -. 25 
 -.50 -1 
 -2 -5 -20 -75 75 WHOLE<-----------


841119 is 
PCT OF 2MM (3A)----- ----

8 4 
0- 20 At, 58.7 1b.7 22.6 -- -> <- PCT OF <75MM(381)-> SOIL1140 2S 15.5 3.2 1.7 2.020- 53 BOl 76.9 2.b 5.8 10.3 TR8.7 14.4 1 --841121 is 6.9 1.e 1.4 1.9 22 158- 65 802 2.4 4.5 


841122 8.8 2.3 

86.8 11.1 2.1 4.2 6 3 1 22 10
45 85-110 b03 0.7 0.2 0.2 0.587.2 11.7 1.1 0.5 -- .841123 0.5 3.2 1 -5S 1 J'-160 C 0.? 0.1 . .85.7 10.8 3.5 0.3 .. . . TR -841124 6S 110-160 C-WHI 93.0 6.4 

7.4 3.4 1.6 1.0 0.4 0.3 0.2 ..0.6 .. ..8411 z5 4.9 1.5 0.3 2 -7S 110-160 C-REj 82.5 0.1 0.1 0.1 12.1 5.4 
 7.4 4.7 2.7 TB -1.4 0.6 
 0.4 0.3 
 .. . . 3 -

OHt;:" TOTAL EX'T'n TOTAL (- - CDiT-CiT-- } (RATIO/CLAY) (ATTERBEBG )C - BULK DENSITYN p S EXTRACTABLE -) COLE (- - -WATER CONTENT -SAMPLE HZN 15 - LIMITS - FIELD 1/3 -} WRD 
FE AL MN CEC BAR LL 

OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
PI MOIST BAR DRY
NO. NO. 6AIC b 3A SOIL MOIST BAR6R3A tCZ2 6G7A 6D2A L)1 HD1 4FI F A3A A D A H BAR BAR SOILD1 B 4 48C 40C 42A C1
 
PCT OF <2 
 -


841119 1 2.b8 0.297 
- -> PCT <0.4MM <- - G/CC 9.9 1-6 - -> CM/CM <- 1.3 0.41 0.53 -PCT OF <2MM
841lzO 69 - -> CM/CH2 0.!l 0.083 11.0 24 1.13 1.39 0.071
1.9 0.9 41.5
841121 0.22 0.49 31.3 0.11
3 0.36 10.1 1.07 1.35 0.077
1.6 TR 0.19 51.6 37.5
841122 0.46 101 53 0.154 0.33 1.07 1.33 0.075 


841123 5 
10.1 1.5 TR 0.19 0.46 52.8 40.1 0.14
0.23 1.07
10.3 1.2 1.33 0.075
T11 0.22 51.9 39.8
841124 6 0.31 0.45 97 51 1.05 0.13
1.42 0.106
3.6 0.5 - 0.24 0.41 52.4 3!.2 0.15
841125 7 u.Z2 
 15.J 
 1.4 TR 0.20 0.44 37.8 

36.3
 

*** C 0 N T I N U A T I 0 N 0 N N E X T P A G E *** 
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FINAL 
NATIONAL SOIL SURVEY LABORATORY
PEDON NO. b4P 215 


CHACHu S ..((;-06b -06 DAIF 11/21/34 


-6- -'- --- -9-
-1-5 -lu- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-


C03 AS RES. COND.(- -PH - - -) 
(- N!40AC EXT'AC'".AULF -ASES -) ACID- EXTR (- - - -CFC - - -) AL -3ASE SAT-

MG NA K SUM ITY AL SUM N114- BASE5 SAT SlIM NU4 CACO3 OHMS MMHOS NAF CACL2 H20 
CA 

OAC <2HMl /CM /CM .01M 
hZN1 11') X% 515A SJA k::LAShs CATS OAC + AL 

SAUiPLE 
 1:2 1:1
< - - -EQ / 100 G -> <- PCT 8El 8I 8CID 8C1F 8C1F
 
tG9 5A3A 5A80 543b 5t;1 5C3 5CI 6E1G 


3I). 14o. L,2, LO21) bP2J U04 s 6H5A 

q.2 5.5 6.0
43 60
'' 0.1 14.5 19.6 34.1 24.0

d41119 1 1Z.3 2.1 9.8 6.6 6.8
57 86 

-- 10.9 25.6 17.0


d411o 13.3 1.3 6.1 1.7 

7.4 7.5
 

d41121 3 17.9 0.7 
 75 100 TR

0.1 -- 1J.7 6.1 24.8 16.2 

7.3 7.6
 
U.2 16. 6.7 23.4 16.9 71 99 TR 


84114z 4 16.1 0.4 -- 7.57.3
76 96 TR

0.3 TR lb.4 5.7 24.1 19.2


841123 5 11.9 0.2 
 7.5 7.8
82 95 --21.0 4.7 25.7 22.0

8411z4 6 20.4 0.3 0.3 *rr 


7.3 7.7
74 95 1 

0.1 0.4 Th 16.1 5.6 21.7 1b.9
i41125 7 15.6 


)--------

MINERALOGY 

- --- CLAY - )
 

{---- X-RAY - - -- -DTA -- ) TOTAL DOM 

(- ---- <20 - ) (- -<2U -) RES NEATH 
SAMPLE HtZN 7B1A
7A21 7A21 7A21 7A21 7A3 7A3 7B1A 

NO. NO. ----- PCT - - - -><- RELATIVE AMOUNTS -> <-

KK 3 GE 2 GI I KK60 GI 1
 
841119 1 


841120 2 HE 1 KK52 GI 1
 
d"l11L1 3 


KK 4 GE 2 GI 2 


841122 4 
HE 1 KK73 GI 1
KK 5 GE 2 GI 2 


411l3 5 


8411.4 6
 

841125 7
 

.1-75MM 10
FAHILY Ci)NTUOL SECTION: DEPTI 25-100 PCI CLAY 83 PCT 

BASISANALYSFS: .5= ALL Olr SIEV&D <2mM 

C-. GIBBSITE HE HEMATITE
KK KAOLINIIE GE GOETHITE
LINEALOGY: KIND OF MINERAL 

3 MODERATE 2 SMALL 1 TRACE
 
OELATIVE tMLOIINT 6 IND ErEtIftINATE DOMINANT 4 ABUNDANT 
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N S S L
 

S U P P L E M E N T A L D A T A S H E E T
 

CHACHA 
 S83GQ-066-008
 

P (- -ACID OXALATE- -) (15-BAR WATER)
RETENT AL SI FE 

DRY MOIST
SAMPLE HZN 
 * * * * 4B2A 4B2B
NO. NO.------- --
 PCT OF <2MM----- > <--- PCT- - ->
 

84 1119 1 
 0.7 0.1 1.0
 
84 1120 2 
 0.5 0.1 0.8
 
84 1121 3 
 0.3 0.1 0.3

84 1122 4 
 0.3 0.1 0.7
 
84 1123 5 
 0.2 -- 0.2 
84 1124 6 0.2 -- 0.1 
84 1125 7 0.4 0.3 1.4
 

* Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. 
A. Methods for Chemical Analysis of Soils. New

Zealand Soils Bureau Scientific Report 10A. 
Dsiro, New Zealand.
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PIL Au4TAT VAR PAGE 1 OF 	4 PAGES 

SAMPLED AS: VLIIY FIN.;, MONTihOIILLUtI''IC, SHALLOfl, ISOIIYPhI'tIIh.IIC VENTIC USTROPEPT 
FINAL 

S a3(;,-buO -015 LA'! 11/21/84 SA.;PLI: NO. t14P1166-llbb '. S. DEPARTMENT OF AGRICULTURE 
VEDON NO. 84P 42Z SOIL CONSERVATION SERVICE 

GUAM PE.OJECT NO. b4P 37 NATIONAL SOIL SURVEY LABORATORY 
LINCOLN, NEBRASKA 68508 

G,.NEHAL IIPITHUDS 111A, 2A1, 2b 

-1-- -2-- ---- -4-- -5------ -7-- -6-- -9-- --10- -11- - 2---13- --1---- 15- ---- ---- --18- -19---- 20

(- - -TOIAL - - -) - -CLAY- -) ' -SILT- - --- --- SAND- - -) (-COARSE FRACTIONS (MM)-) (>2Ml) 
CLAY SILI SAND IINE COJ jiNE COARSE VI' E M C VC - - - - WEIGHT - - - - WT 

SAMPLE HZN DEPrli HORIZON LT .002 .05 LT LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT OF 

NO. ilO. (Cm) .002 -.05 -2 .0002 .002 -.02 -.05 -.10 -.25 -.50 -1 -2 -5 -20 -75 75 WHOLE 

< ------------ PCT OF <2m (3A1) - - - -- > <- PCT OF <75MM(3B1)-> SOIL 

b4116b 1S 0- 12 A 54.5 33.7 11.b 26.9 6.8 3.7 3.6 2.3 1.7 0.5 1 3 - 12 4 

841167 2S 12- 20 B/A t9. 20.2 10.2 1R 17.6 2.6 1.4 2.0 I.7 1.9 3.2 3 12 2 24 17 

841168 jS 20- 40 C 52.7 20.6 26.7 1 15.5 5.1 4.3 5.9 3.9 3.9 8.7 6 29 21 66 56 

ORGH TOTAL EXTH TOTAL C- - DITH-CIT - -) (RATIO/LLAY) (ArTk.RB.RG (- BULK bkFSITY -) COLE (- - --WAT-R CONTENT - -) VRD 

C N P S EXTHACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE 

SAMPLE HZN FE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR BAR BAR SOIL 

NO. NO. 	bAIC 6B3A 6R3A t.C2B 6b7A bDA 6D1 BD1 4F1 4F 4A.A 4AID 4AIH 4D1 4B4 4BIC 4BIC 4B2A 4C1 

< ------- PCT OF <2Mh - PCT <0.4MM <- - G/CC - - -> CM/CM <- - -PCT OF <2hM - -> CM/CM 

10.7 1.2 0.4 0.73 0.69 b2 35 0.87 1.41 0.172 60.2 37.6 0.19
 

3141167 2 2.05 7.3 0.8 

141lut, 1 4.51 


0.2 0.43 0.48 0.8b 1.45 0.174 61.0 33.5 0.22 

8L.116b 3 1.06 4.2 0.5 0.1 0.43 0.47 24.9 

**. C 0 N I I N U A T 1 0 N 0 N 9 E I T P k G E * 

http:ArTk.RB.RG


--- --- --- --- 

CP84GQ056 CPB4QO56Page 4 of 4 
----------------- ----------------------------------------------------------------------------------------------------------

Pae4o4 
--------------------------------------------------------------------------------------------------------

.OPTICALSAP E H N------------------------------------------------------------------------------- MINERALOGY------------------------------------------------------------. --------------------------SAND/SILT ........---------------------------- --- A
SAMPLE -----. .----) -- -)HZN FA RE C----T-----) (TOT ANAL)-CLAY ........-
NO. NO. 7BIA 7BIA 7BIA 7BIA < . ... .. C 7BIA 7B1A 7BA 7BlA 7BlA 7BIA 
7IblA 7A21 'A21 7A21 7A21 K2C FE
7A21 7A3 7A3 6Q3A 6C7A
<411 9"- - ---
-
 -<LATIVE -- -84PI119 I AMOUNTS-------- > 
8P102---------------------------------- --- --- --- --- --- --- --- --- --- -84PI120 2 --------------------------------------------------------------------><---- ftAIEAONS------KK 3 GE 2 GI I1K0G < -------T---------->. .
 
84P121 3G
84PI122 4 

KK 4 GE 2 GI 2 HE I 
 KK52 GI 1 0.1 9.6
84P1123 584P1124 6 

KK 5 GE 2 
GI 1 HE I KK73 GI 1 0.0 8.6
84PI125 
 8
 

ANALYSES: S=ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA = FRACTION ANALYZED 
 RE - RESISTANT 

KIND OF MINERAL: GE = GOETHITE GI - GIBBSITE KK - KAOLINITE HE - HE4ATITE
 
RELATIVE AMOUNT: 
 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL I TRACE 

MINERALOGY BASED ON SAND/SILT: 

ir 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT: 

COMMENTS:
 



NSSL ID #: 	84P0222
 
SERIES: ?ulantat Variant 

SOIL SURVEY # S83GU-066-015
 
LOCATION: Guam. About 200 m W of Talofofo village along 

farm road on first low
 

hill W of farming area.
 LONGITUDE: 	144-44-55-E
 
LATITUDE: 13-21-25-N 

PHYSIOGRAPHY: Rolling limestone plateau
 

east facing 	 ELEVATION: 090 m MSL
 
SLOPE CHARACTERISTICS: 10%, 


MLRA: 181
2600 mm Xeric moisture regime
PRECIPITATION: 

PERMEABILITY: Moderately slow
 WATER TABLE DEPTH: 


DRAINAGE: Well drained
 
STONINESS
 
PARENT MATERIAL: sediments from argillaceous limestone
 

CLASSIFICATION: Clayey, kaolinitic, isohyp-rthermic, shallow Vetic Ustropept
 

12 to 20 cm Cambic
DIAGNOSTIC 	HORIZONS: 
 SAMPLE DATE: 10/83

DESCRIBED BY: F. J. Young and J. L. Demeterio 


Limestone is more decomposed than is typical for Pulantat series.
 

dark brown 	(10YR 3/3) and reddish brown (5YR 4/4)

A--0 to 12 cm; clay; 


moist; strong fine and medium granular structure on the surface, grading
 

to medium subangular blocky; firm, very sticky, very

abruptly to strong fine 
 roots; many fine
 
plastic; many very fine and fine, common medium and few coarse 


tubular pores; many worm
 
and medium interstitial and tubular and common coarse 


nodules; neutral; clear irregular boundary.
 

Colors mixed in 
a fine pattern. Few coral pebbles.
 

84PI166
 

B/A--12 to 	20 cm; gravelly clay; yellowish red I5YR 4/8) and reddish brown
 

strong fine and medium subangular blocky structure; 
firm, very


(SYR 4/4) moist; 

many very fine and fine and few medium roots; many fine
 

sticky, very plastic; 
 tubular pores; many worm
 
and medium interstitial and tubular and common coarse 


nodules; mildly alkaline; clear irregular boundary.
 

Colors in fine patches. About 15 percent gravel.
 

84PI167
 

very gravelly clay; yellowish red (5YR 5/6) moist;

C--20 to 40 cm; 


firm, very 	sticky, very plastic;
moderate fine suhangular blocky structure; 

very fine and fine tubular and few
common 


medium tubular pores; moderately alkalile; gradual 
irregular boundary.


common very fine end fine roots; 


About 50 percentirregular

Many very fine through medium interst:tial pores. 


Many pebbles may be artifacts of observation. Most had
 
porous coral gravel. 
 a
 
small clean breaks which may indicate that they were attached in place into 


skeletal or honeycomb coral structure.
 

84PI168
 

Cr--40 to 50 cm; unweathered bedrock; reddish yellow (7.5YR 6/8) moist;
 

common very fine and fine tubular and many very
few very fine and fine roots; 


fine to medium interstitial pores.
 

Decomposed argillaceous coralline limestone crushes 
to gravelly sandy clay loam.
 

White to clear interior. Not sampled.

More resistant gravel is crystalline. 

84P0000
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PULA.,TAT 3 FINAL
S o ,I,-03 b -015 PAGE 2 OFVAfl 

DAIK 11/21/oL V',JON 1O. 4 PAGESts4P 222 HATIONAL SOIL SURVEY LABORATOrY 

-1---- ~ ~ __---~--- ~--- --- 9- ---- - -- -- - - ---- --- -l - -1---

S--1------------ -------------------------------------------------------------------------------------------------------------------NH4OAC FX'iRAC'A.LR 11ASjs -) ACID- EXTR ( - - -CECCA MG NA - - -) AL -bASE SAT- C03K SUM ITY AL sun AS RES. COND.( -...- PHSAMPLE NU. 6t2.i Nd4- bASES - - -)5 15.NO. HZN 5U5A 5BSA(02b SB5A6P2, 602f, 3AS S 6115A 6G9A 5A3ACATS bAduUAC 45A3b 
SAT srJm N11Q CACO3 OHMS MMlOS KCLAL 5G1 5C3 CACL2 H205C1UAC <2MM /CmbEIG 8E1 /CM81 8CIGIN .01M 8CIF8CIF 

< ------------ -KEQ/ 
 100 -----------
841166 1 > <- 5.8 0.3 O.4l - PCT . - >

841167 2 :2 1:1
39.6
2.5 0.fl 0.2 2 6.8 7.1 7.3
3u.2841168 3 1.4 160.1 u.2 7.0 7.622.6 7.8

38 7.3 7.6 8.1 

- - - - -- ---MINERALOGY -_)
 
. N -O - - - X-RAY C LAY _)SML ....-------N(- 7A21 7A2I 

DTA - -) TOTAL DOM 
- --- -<2u 7&21 .-7A2I.. - -)27A 3 7A3 RES WEATH7BIA 7BlA 

841166 <- RELATIVE AMOUNTS ->
1 <---- -PCT - - - -> 
KK 2 GI 
2 GE 2 
 KK39 GI 1


841168 3 

KK 4 CA 3 hT 2 GE 2 KK57 GI
 

--- ~~~~~~~ 
FAMILY CONTROL SECTION: DEPTH 
 25- 0 
 PCT CLAY 
 52 PCT .1-75nd 65
 

ANALYSFS: 
 S= ALL ON SIEVED <2hM BASIS
 

MINERALOGY: KIND OF MINCIAL 
KK KAOLINITE GI GIBBSITE GE GOETHITE CA CALCITE MT NONTMORILL 
RELATIVE AMOUNT 6 1.aVF.TERISINATE 5 DOMINANT 4 AgUNDANT 3 MODERATE 2 SMALL 1 TRACE 

http:FX'iRAC'A.LR


------ --------------------------------------------------------------------

------ -------------------------------------------------------------------

----------------------------------------------------------------------------

Page 3 of 4
 

N S S L 

SUPPLEMENTAL DATA SHEET 

PULANTAT VAR S83GQ-066-015
 

P (- -ACID OXALATE- -) (15-BAR WATER) 
RETENT AL SI FE 

DRY MOIST 
SAMPLE HZN * * * * 4B2A 4B2B 

NO. NO. <------ PCT OF <2MM----- > <- - -PCT- - -> 

84 1166 1 0.3 0.2 0.3
 
84 1167 2 0.3 0.2 0.1
 
84 1168 3 0.2 0.2 0.1
 

* Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau 
A. Methods for Chemical Analysis of Soils. New
Laboratory Methods.


.ealand Soils Vureau Scientific Report 10A. Dsiro, New Zealand.
 



------- ---

-- - - - - - - - - - - - - - - - -

Page 4 of 4 

-- -- -- - - - - - - - - - - -L-- - - - - - - - - - - - - - - - -- MI NE RAL O- - - - - - - - - - - - - - - - - R-----------SAPE z ~----------------------OTCLIEALY--------------------------------------------OPTICAL-----------------------------------------------) 
SAND/SILT N.......-------......


SAMPLE HZN - -X------------ -- ) (TOT ANAL)- RAY------ DTA
FA RE
NO. Np. 7BIA 7B1A 7BIA 7BIA 7B1A 7BIA 7BIA 7BIA "- - -..-.- --.. CLAY .....E.-)
.. < . 7BlA 7BlA 7BIA 7A2I-------- .... . .. C . .. ._> 7A21 7A2I 7A21 7A2I 7A3 7A3 6Q3A-----------------------------------PCT .-- ------------------------------- 6C7A< ----RELATIVE AMOUNTS> '-- -R LA IV AM U T ------ >>-- - - <-------- - - -- - - - -- - - -PCT---------
84PI166 1 
84PI16784P1168 23 


KKKK 24 GI 2 GE 2
CA - KK39 GI 1
MT 2 K 3 I I 0.1 12.3
GE 2 GI I KK57 0 1 1 .
GI<I 0.1 
 9.7
 

ANALYSES: 
S-ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA - FRACTION ANALYZED RE -RESISTANT 
KIND OF MINERALt GE - GOETHITE GI - GIBBSITE KK - KAOLINITE 
 CA - CALCITE 
 MT - MONTMORILLONITE
 

RELATIVE AMOUNT: 
 6 INDETERMINATE 
 5 DOMINANT 
 4 ABUNDANT 3 MODERATE 
 2 SMALL 1 TRACE
 
MINERALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY:
 

FAMILY PLACEMENT:
 

COMMENTS"
 



---------------------------------------------------------------- ---------------------------------

------- 

PAGE 1 OF 4 PAGES
PnLATAT 


LITHIC VERTIC USkIROPEPTPLNE., n6NTfOLILLOII°IiC, lSOlIY'LflTIIkERtnlCSAMiPLE:D AS: VhhY 
FINAL 

U. S. DEPARTMENT OF AGRICULTURE
DA'ir 11/21/b4 SAMPLZ NO. t4P1104-1107


S 83(;Q-0bo -005 SOIL CONSEF.VATION SERVICEPEDON NO. 84P 212 
NATIONAL SOIL SURVEY LABORATORY
PROWECT NO. 84P 37

GUA.M 
 LINCOLN, NEBRASKA 68508
 

GeNERAL MrullIODS lLbA, 2A1, 2b 

-19- -20
-7- -L- -9- -10- -11- -12- -13- -2-- -15- -16- -17- -18-


-1-- -2-- -3-- -4-- -5-- -6--


-- ) (-COARSE FRACTIONS (1M) -) (>2M)
(- - -TOTAL - - -) (- -CLAY- -) (- -SILT- - ------( SAND- -

M C VC - - - - WEIGHT - - - - WT
FINE COARSE VF FCLAY SILT SAND FINE C03 

1 2 5 20 .1- PCT OF.10 .25 .5 
SAhPLE IIZN DLPLT'i HOHlZtiN LT .0u2 .05 LT LT .002 .02 .05 

-20 -75 75 WHOLE-. 05 -. 10 -. 25 -. 50 -1 -2 -5 
NO. hOn. (Cm) .002 -. 05 

-CT OF <2Mtl (31.1)- - -------- - -- > <- PCT OF <75m(3B1)-> SOIL-2 .0002 .002 -. 02 
< - - - ---------

5 -14.8 4.6 5.5 3.9 0.9 0.3 -- TR TR --
70.0 19.4 10.6641104 is 0- 8 A 

0.2 -- TR TR -- 4 TR
12.2 3.2 4.7 3.3 0.7 

841105 2S 8- 17 A/B 75.7 15.4 8.9 
1 -- 4 2 

b41lOb iS 1I- 30 BWl b5.1 10.7 4.2 b5 2.2 1.9 1.4 0.4 0.2 0.3 1 
55 47

7 1 12.9 3.9 3.1 2.9 2.0 2.5 7.2 1 22 24 
t%4110 4S 3j- 35 BW2 65.5 lb.B 17.7 

- -) WRD 
TOTAL (- - DITH-CIT - -) (RATIO/CLAY) (ATTEBBERG (- BULK DENSITY -) COLE (- - -WATER CONTENT 

ONGN T(iJ'AL EXTR 
OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
15 - LIMITS - FIELD 1/3P S FXTRACTABLE
C N BAR BAR BAR SOIL

FE AL dN LtEC BAR LL P1 MOIST bAR DRY SOIL MOIST 
SA MPLE HZN 4D1 4B4 4B1C 4B1C 4B2A 4C16D 8 1 4F1 4F 4A3A 4A1D 4AtH 


N; Nu. hu. uAIC 6a3A 6R3A 6C2B bG7A 6D2A 
- -> CM/CM
- 6/CC - - -> CM/CM <- - -PCT OF <2MMPCT <0.4MM <-


< - PCT Or <2Mh ------- > 

0.13
0.88 1.59 0.218 58.1 43.1
5.0 0.5 0.1 1.06 0.62841104 1 5.0q 0.532 40.9 0.160.94 1.67 0.211 57.5

5.0 0.5 0.1 0.8o 0.548411l5 2 2.28 0.245 

58 0.92 1.68 0.221 60.7 41.7 0.17
 
5.3 0.6 0.1 0.71 0.49 97
84110b 3 1.47 33.8 
3.4 0.4 0.1 0.72 0.52
841107 4 1.05 


N E X T P A G E *** e, C 0 N T I N U A T I 0 N 0 N 



------------- 
- - - -- --

------------------------------------------------------------------

FINAL PAGE 2 oF
PULATAT t' PAGES
b.3.,-066 -oU5 DAT: 11/21/b4 PE.)ON NO. UQP 212 NATIONAL SOIL SURVEY LABORATORY 

-- 11- -12- -13- -14- -15- -16- -17- -18-
 -19- -20

(- N!'oAC XTACTABL fEAS1S -) ACID- EXTH ( ...- CC - - -) AL -bAS, SAT- C03 AS RES. COND. (- -PHCA - - -)Mt NA K Sun I'Y AL SiM 1hH4- bASX5 SAT Slim NH4 CACO3 OHMS MMHOS NAPSAJIPLk- HZX 5B5A 535.A 55A 53.1 bASES CACL2 H20CATS OAC t AL OAC <2M /CmNO. uO. 6N2E 6 02a 6P2z 6Q1, /CM .01M6H5A 6G9A 5A3 5Adij 5A3i 
 G1 5C3 5C1 6E1G 8E1 
 81 8CID 8CIP 8CIP
<  p/ 100 ------ > <- - PCT ---- >
d41104 1 62.8 10.a 1:2 1:s0.4 0.6 74.6 12.2 86.8 75.3 d6 9911105 2 51.2 8.5 8.5 6.4 6.50.3 0.4 .0.4 11.9 72.3 65.2 84 93
3110to 3 5.3 5.6 0.2 8.5 6.5 6.60.4 71.5 8.5 
 0.0 bO.6 
 89 100 2
81107 4 1.2 3.0 0.3 0.3 9.8 2.8 7.3 7.5
97.6 47.1 
 97 100 22 
 7.8 8.0
 

-( ---- MINERALOGY -)IEALG-----------
- L - CLAY -)
 

- . . . . .- -DTA
NO. NO. X- A -- - . . )-- - -) TOTAL DOM 
(-<207A2I ------
7A2I --- -<2U -7A21 7A21 ) RES WEATH7A3 7A3 
 781A 7B1A 

<- RELATIVE AMOUNTS -> <- -PCT - - - ->
81104 1 


T 4 KK 2 KK22
 
841105
8 2
110b 3 


KK 3 MT 3 GE 1 KK37
d111107 4

cO 

FAMILY :ONTROL SECTION: DEPTH 0- 35 PCT CLAY 76 PCT .1-75MM 12
 

ANALYSES: S= ALL OH SIEVED <2MM BASIS
 

MINERALOGY: 
KIND OF MINERAL HT MONTHORILL KK KAOLINITE 
 GE GOETHITE
 

RELATIVE AMOUNT 6 INVPTERMINATE 5 DOMINANT 4 ABUNDANT 
 3 MODERATE 
 2 SMALL 1 TRACE
 



--- -------------------------------------------------------------------------

--- -------------------------------------------------------------------------
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N S S L 

SUPPLEMENTAL DATA SHEET 

PULANTAT S83GQ-066-005
 

P (- -ACID OXALATE -) (15-BAR WATER) 
RETENT AL SI FE 

DRY MOIST 
SAMPLE HZN * * * * 4B2A 4B2B 

NO. NO. <------ PCT OF <2mm----- > <- - -PCT- - -> 

84 1104 1 0.4 -- 2.9 
84 1105 2 0.4 0.2 2.4 
84 1106 3 0.4 0.1 0.8 
84 1107 4 0.3 0.1 0.3 

• Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau
 
Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
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(-----------S------------------------------------------- OPIA--------------------------------------------------------~-----------MINERALOGY --------------------- ----------------------------- TTO--------- -------------- DT-- --- NL--............ X-RAY--------- (---DTA--] (TOT ANAL)
--- --- --- --- --- --- -- SAND/SILT- - --------- LA . .. .. 
SAMPLE HZN FA RE - K20 E--NO. NO. 7BIA 7BIA 7B!A 7BA 7BlA 7BlA 7BIA 7BIA 7B1A 7BIA 7BlA 7A21 

FE
 
7A21 7A21 7A21 7A21 7A3 7A3 
 6Q3A 6C7A
< -----------------------PCT 
 > <---- RELATIVE AMOUNTS------ > <------- PCT---------- >
84P1104 1
 

84PI105 2 
 MT 4 KK 2 
84P1106 2 KK22 0.3 9.1
 
84PI107 4 


KK 3 MT 3 GE I 
 KK37 0.2 9.2
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA - FRACTION ANALYZED RE = RESISTANT 

KIND OF MINERAL: MT - MONTMORILLONITE KK - KAOLINITE GE - GOETHITE 

RE-.ATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 

MIN?.RALOGY BASED ON SAND/SILT:
 

MINERALOGY BASED ON CLAY: 
00 

FAMILY PLACEMENT: C14
 

CO4MENTS:
 



SERIES: Saipan NSSL ID #: 84P0220 
SOIL SURVEY # S83GU-066-013 
LOCATION: Guam. Southern Malojloj village E of highway and N of abandoned 
poultry farm on A. Flores property. 
LATITUDE: 13-17-45-N LONGITUDE: 144-45-30-E 
PHYSIOGRAPHY: Roiling limestone plateau 
SLOPE -HARACTERISTICS: 3 % convex , west facing ELEVATION: 095 m MSL 
PRECIPITATION: 1010 mm Xeric moisture regime MLRA: 181 
WATER TABLE DEPTH: > 150 cm PERMEABILITY: Moderately slow 
DRAINAGE: Well drained
 
STONINESS
 
PARENT MATERIAL: sediments from argillaceous limestone
 
CLASSIFICATION: Very-fine, mixed, isohyperthermic Oxic Ustropept
 
DIAGNOSTIC HORIZC4S: 14 to 150 cm Cambic
 
DESCRIBED BY: F. J. Young and J. L. Demeter"o SAMPLE DATE: 10/83
 

Ap--0 to 14 cm; clay; dark brown (10YR 3/3) moist; moderate fine
 
subangular blocky structure; friable, sticky, plastic; many very fine and fine
 
roots; many very fine and fine tubular pores; abrupt smooth boundary.
 
Common irregular pieces of Bol horizon.
 
84PI153
 

Bol--14 to 50 cm; clay; strong brown (7.5YR 5/6) moist; strong very fine
 
subangular blocky structure; friable, sticky, plastic; pressure faces on faces
 
of peds; common very fine and few fine roots; comiton very fine tubular and few
 
fine tubular pores; neutral; diffuse smooth boundary.
 
About 5% a horizon material in worm holes and pores.
 
84PI154
 

Bo2-.-50 to 75 cm; clay; 50% strong brown (7.5YR 5/6) and 50% yellowish r
 
(5YR 5/6) moist; strong very fine subangular blocky structure; friable, sticky
 
plastic; pre3sure faces on faces of peds; common very fine roots; common very
 
fine tubular and few fine tubular pores; slightly acid; diffuse smooth boundar
 
Colors mixed in a fine pattern. Few fine patches of dark brown as worm casts
 
and filling pores.
 
84PI155
 

Bo3--75 to 100 cm; clay; 40% red (2.5YR 4/6), 30% yellowish red (5YR 5/6
 
and 30% strong brown (7.5YR 5/6) toist; strong very fine Lubangular blocky
 
structure; friable, sticky, plastic; pressure faces on faces of peds; few very
 
fine roots; common very fine tubular and few fine tubular pores; slightly acid
 
diffuse smooth boundary.
 
Colors mixed in medium to coarse irregular patches. Few organic stains in
 
pores.
 
84P1156
 

Bo4--i00 to J.27 cm; clay; 40% red (2.5YR 4/6), 40% yellowish red (5YR
 
5/6), and 20% strong brown (7.5YR 5/6) moist; strong very fine subangular block
 
structure; friable, sticky, plastic; pressure faces on faces of peds; few very
 
fine roots; common very fine tu ilar and few fine tubular pores; slightly acid
 
clear wavy boundary.
 
Colors in fine to medium irregular patcnes.
 
84PI157
 

Bo5--127 to 150 cm; clay; strong brown (7.5YR 5/6) moist; moderate very
 
fine subangular blocky structure; friable, sticky, plastic; pressure faces on
 
faces of peds; few very fine roots; many very fine and fine tubular pores;
 
neutial; abrupt irregular boundary.
 
2 cm band of yellowish red (5YR 5/6) containing many very fine black sand sized
 
grains or concretions at upper horizon boundary.
 
84P1158 284
 



R--150 to 170 cm; unweatherec bedrock.
 
White argi11aceous limestone. 
 Very porous. Stained strong brown to reddi
yellow (7.5YR 5/6), 6/6 and 7/6 in fissures. 
 Some Bo5 horizon material in
interstices.
 

285
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SAIPAN 


VyitY FiIE , KtOLINILIC, 1S0I~lPf:HTIIrRhiC jfRuItPTlc P.UTRUSTOXSAhMPLED AS: 
r'"AL 

AGRICULTURE
VATL 11/21/b4 SAMPLE NO. 04P1153-1158 U. S. DEPARTMENT OF 

S U3GQ-Oob -013 220 SOIL CONSERVATION SERVICEPErlN NO. L1P 
37 NATIONAL SOIL SURVEY LABORATORYPROJECT NO. 84P
GUAM LINCOLN, NEBRASKA 68508
 

GrNERAL MEIIIODS 1iliA, 2A1, 2u 

-10- -19- -20
-- ---- -- -10- -11- -12- -13- -14- -15- -16- -17-

-1-- -2-- --- -4-- -5-- --- -

S------------------------

------) (-COARSE FRACTIONS (11M) -) (>2MM)
(- -ToTAL - - -) (- -CLAY- -) (- -SILT--(---- --- SAND--

- - - VTC - - - - WEIGHT -FINE COARSE VP F C

CLAY SILT SAND FINE C03 


.5 1 2 5 20 .1- PCT OF
LT LT .002 .02 .05 .10 .25

SAMPLE HZ'4 UEPTH HORIZON LT .002 .05 
-5 -20 -75 75 WHOLE 

.002 -.05 -2 .0002 .002 -.02 -. 05 -. 10 -. 25 -.50 -1 -2 

NO. NO. (CM) - PCT OF <75il 0,3B1)-> SOIL 

- - -- CT OF <2MM (3A1) - ----------- > <-
<_--------

0.3 -- TR TR -- 1
10.7 2.6 0.7 0.b 0.4

iS 0- 14 A1 84.5 13.3 2.2841153 TR -.. TR .. ..3.9 0.9 0.2 0.1 .. ..
2S 14- 50 aO1 94.9 4.8 0.3841154 
 -- TH -

5.2 0.8 -- 0.1 .. .. .. TR 
93.9 6.0 0.1
811155 3S 50- 75 B02 __ TR -6.5 1.3 0.2 0.1 .. .. 

u4115 4S 75-100 B03 91.9 7.6 0.3 
--

-TR.
 

841157 5S 100-127 B04 91.1 5.4 0.2 q.8 0.6 0.1 0.1 
TR TB
T TB
7.1 1.7 o04 0.3
B05 -0.5 8.8 0.7841158 65 12-150 

) (- BULK DENSITY -) COLE (- - -WATER CONTENT - -) URD 
OAGH TOTAL EXK TOTAL (- - DITH-CIT - -) (R'TIO/CLAY) (ATTERBERG 

1/10 1/3 15 WHOLE 
N P S EXTRACTABLE 15 - LIMITS - FIELD 1/3 OVEN WHOLE FIELD 

C BAR BAR SOIL 
FE AL MN CEC BAR LL PI HOIST BAR DRY SOIL OIST BAR 


t,SAMPLE HZN 402A 4C1
F11 F 4A3A 4AID 'AIHl 4D1 1B1 4BIC 4BIC

bD2A 8D1 SDI
90NO. NO. bAIC bB3A b13A 6C2B bG7A 

-PCT OF <28M - -> CM/CH
PCT <0.481 <- - G/CC - - -> CM/CM <- 
< - - - ---- -CT OF <2KH - - -> 

1.09 1.45 0.100 46.7 32.5 0.15
 
10.1 1.8 0.2 0.32 U.38 66 22

841153 1 3.70 0.350 0.13
1.10 1.38 0.079 50.1 38.4 

10.5 1.8 TH 0.1b 0.40

841154 2 1.16 0.112 46.0 37.7 0.091.13 1.38 0.069
0.40 87 43
10.2 1.7 TR 0.17841155 3 0.b5 47.6 36.9 0.121.11 1.34 0.065
11.1 1.6 TH 0.16 0.40841156 4 0.47 37.5 0.111.07 1.31 0.070 47.9 

10.7 1.7 0.1 0.19 0.40


8 11 i7 5 0.37 37.7 0.131.05 1.34 0.085 49.6 

11.7 1.6 0.2 0.19 0.42 96 51 


84115o 6 0.63 

**
N 0 N 0 E X T P A G
* C 0 H T I N U A T 1 O 




- - - - - ----

--- 
- - - - - - -- 

----- -- - - - - - -- - - -- - - - -

SAIPAN 
S u3(;-O, -013-1 -2_ -- - _ - - J--- b -- -7 - -b 

(- NIOAC FIIRACTABLF DASIS -) ACID- FXI'Z -CA flu MA K Sofn ITT AL SUn
5BUA bDflA 5BDA BASES

SAMPLE HZM 5BSA 
NO. 	 CAISWO. bN29 tiO2D 6P20m 6Q2b 
 6115A 6GqA 5A3A 

I -------------- RQ / 100 G -----------
841153 1 15.9 .,.7 
 TR 0.5 20.1 15.6841134 	 35.72 7.8 3.5 0.2 0.1 11.6 10.9841155 3 7.8 	 22.5
3.6 0.3 0.1 11.8 10.984115b 4 7.7 3.1 	 22.7

0.2 0.1 11.1 10.6e41157 5 8.6 2.b 	 21.7
u.1 TR 11.3 10.5841158 b 16.1 1.2 	 21.8
0.2 0.1 17.6 8.2 25.8 


n u 


8A1153 1

041154 2 

841155 3 


941156 
 41C
8411157 
 5
841158 6 


FAMILY CONTROL SECTION: 
 DEPTH 
 25-100 
 PCT CLAY 


ANALYSES: Sa 
ALL ON SIEVED 
2MM BASIS 
JIIERALOGY: KIND OF MINERAL 
KK KAOLINITE 
 GI G 

HMfLATIVR AMOUNT 6 INDETERMINATE 5 


IJIAL 
PAGE 2 or Q PAGES 

ATE 11/cl/,
-9 -	 PEWNU NO. 84P 220
- 0 - 1 1 - - 1 2- - 1 3- NATIONAL SOIL SURVET- 1 4 - - 1 5 - - 1 6- 1 7 - - LABORATORY- 18 - - 1 9- - 2 0 

- - CEC - - -) AL -BASh SAT- C03 AS 	 RES.N11-	 COND.(- -PHbASES SAT S'jn 	 - - -)N11q CACO3 OHMSOAC 	 MMHOS NAP CACL2+ AL 	 H20OAC <2MM /Cm5Aab 5A3U 	 /Cm .01M5G1 5C3 5CI 6B1G 8R1 81 SCID C1F 8BCIF> < --------- - - -> 1:2 1:1
26.9 
 56 75

15.6 	 9.1 5.8 6.452 74 

15.8 	 9.8 6.3 6.652 75

14.7 	 9.7 6.1 6.451 76

17.7 	 9.6 6.0 6.352 64

17.0 	 9.8 6.0 6.268 100 --
 9.8 6.9 7.0 

SAMPL' Z-MINERALOGY
-
 -


SAP-	(- CL AY ) 
( -o AT -- (X-R SO-- <2 0 

7A21 
7A2I 	

--- - -) (- -DTA - - TOTAL DOM 
7A21 7A3 7A3 

RES WEATH 
7A21 	 -<2U- -) 

7B1A 
<- RELATIVE AMOUNTS -> 	

7BIA
 
<- --- -PCT - - ->
KK 2 
 GI 2 GE 2 LE 1 KK44 GI 2 


KK 3 GI 2 co
GE 2 LE 1 KK47 	GI 2 
r 
CN
 

KK 3 GE 2 GI 
1 LE 1 KK46 GI 	1
 

-


94 PCT .1-75MM 0 

[BBSITE GE GOETHITA LE LEPIDOCROCIT
 

DONINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 



-------------------------------------------------------------------------------

---------------------------------------------------------------------- -------

------------------------------------------------------------------------------
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N S S L
 

DATA SHEET
SUPPLEMENTAL 


S83GQ-066-013
SAIPAN 


P (- -ACID OXALATE- -) (15-BAR WATER) 

RETENT AL SI FE 
DRY MOIST 

* * 4B2A 4B2BSAMPLE HZN * * 
NO. NO. <------ PCT OF <2MM----- > <- - -PCT- - ->
 

0.5 0.2 0.3
84 1153 1 
84 1154 2 0.3 0.1 0.1 

0.3 0.2 0.1
84 1155 3 

84 1156 4 0.2 0.2 0.1
 

0.2 0.2 0.1
84 1157 5 

0.2 0.2 0.1
84 1158 6 


1981. Soil Bureau
* Blakemore, L. C., P. L. Searle, and B. K. Daly. 
A. Methods for Chemical Analysis of Soils. New
Laboratory Methods. 


Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
 



--------------------------

CP84GQ056 
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( ..... 
----------------------------------------------------- MENRAOGL......OPIA----------------------------------- X-A-----------I-----------X-RAY-------------------- --------------- -----TO NL--------- ) ---DTA--) (TOT ANAL)
----- ---- ----- SADSL------------------------------------------MIEAOY---- ---SAND/SILT .... ... -------------------------- -- -- - C-----------------------------) 

SAMPLE HZN FA RE - - - CLAY FE....NO. N0. 7BIA 7BIA 7B1A 
7BlA 7BIA 7B1A 7B1A 7BIA 7B1A 7BIA K20 FE
7BA 7A21 7A21 7A21 7A21 7A21 
 7A3 7A3 6Q3A 6C7A
< . -PCT.-- ----------------------------- > < ---- RELATIVE AMOUNTS------
> <--- PCT---------84P1153 1--------84PI154 2 

KK 2 GI 2 GE 2 LE I 
 KK44 GI 2 0.1 11.6
84PI155 3
84P1156 4 
KK 3 GI 2 GE 2 LE 1 KK47 GI 2 0.1 11.1
 

84P1157 5
84P1158 6 

KK 3 GE 2 GI 1 LE 1 
 KK46 GI 1 
 0.1 13.3
 

ANALYSES: S-ALL ON SIEVED < 2mm BASIS 

MINERALOGY: FA - FRACTION fl;ALYZSJ RE - RESISTANT 

KIND OF MINERAL: GE = GOETHITE GI - GIBBSITE LE - LEPIDOCROCITE 
 KK m KAOLINITE
 

RELATIVE AMOUNT: 6 INDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 2 SMALL 1 TRACE 

MINERALOGY BASED ON SAND/SILT: 

MINERALOGY BASED ON CLAY: Co 

FAMILY PLACEMENT: 

COMMENTS:
 



NSSL ID #: 84P0219
SERIES: Sasalaguan 

SOIL SURVEY # S83GU-066-012
 
LOCATION: Guam. About 1/2 km W of Agfayan bay S of the Agfayan River on road
 
behind Eel farm.
 
LATITUDE: 13-45-45-N LONGITUDE: 144-43-40-E
 
PHYSIOGRAPHY: Volcanic uplands
 
SLOPE CHARACTERISTICS: 11%, east facing ELEVATION: 030 m MSL
 
PRECIPITATION: 2600 mm Xeric moisture regime MLRA: 181
 
WATER TABLE DEPTH: > 150 cm PERMEABILITY: Slow
 
DRAINAGE: Well drained
 
STONINESS
 
PARENT MATERIAL: residuum from volcanic material
 
CLASSIFICATION: Very-fine, montmorillonitic, isohyperthermic Vertic Ustropept
 
DIAGNOSTIC HORIZONS: 14 to 105 cm Cambic
 
DESCRIBED BY: F. J. Young and J. L. Demeterio SAMPLE DATE: 10/83
 

C2 horizon is borderline paralithic. When dry pedon will probably have
 
prismatic structure.
 

Ap--O to 14 cm; clay; dark brown (7.5YR 3/2) moist; weak very fine and
 
fine subangular blocky structure; firm, very sticky, very plastic; many very
 
fine and common fine roots; many very fine tubular and few fine tubular pores;
 
strongly acid; clear smooth boundary.
 
About 20% dark reddish brown(5YR 3/4) and 20% dark red (2.5YR 3/6) in an
 
irregular pattern of very fine to coarse patches. Few very fine pores stained
 
strong brown (7.5YR 5/8).
 
84P1145
 

Bwl--14 to 40 cm; clay; 60% dark red (2.5YR 3/6) and 30% brown (7.5YR 5/4)
 
moist; strong very fine and fine angular blocky structure; firm, very sticky,
 
very plastic; pressure faces on faces of peds; common very fine and fine roots;
 
many very fine tubular and few fine tubular pores; few very fine dark
 
concretions; medium acid; diffuse smooth boundary.
 
Concretions probably manganese. Colors in an irregular very fine pattern with
 
about 10% dark brown (7.5YR 3/2) in pores and along ped faces.
 
84P1146
 

Bw2--40 to 70 cm; clay; red (2.5YR 4/6) moist; moderate fine angular
 
blocky structure; firm, very sticky, very plastic; common thin black stains on
 
faces of peds; pressure faces on faces of peds; few very fine roots; many very
 
fine tubular and common fine tubular pores; strongly acid; diffuse smooth
 
boundary.
 
Common fine light yellowish brown and very pale brown (10YR 6/4) and 7/4 patches
 
some elongated some reticulate along pores ped faces and fracture planes. Some
 
black staining in pores enclosed by pale brown material. Common very fine black
 
stains on ped faces.
 
84PI147
 

Bw3--70 to 105 cm; clay; red (2.5YR 4/6) moist; strong medium and coarse
 
angular blocky structure; firm, very sticky, very plastic; pressure faces on
 
faces of peds; few very fine roots; many very fine tubular and common fine
 
tubular pores; slightly acid; gradual smooth boundary.
 
about 20% fine and medium light yellowish brown and very pale brown (10YR 5/4)
 
and 7/4 colors in a reticulate pattern along pores and angled cleavage planes.
 
lany pores stained black. Few very fine black sand sized grains or concretions,
 
few irregular deposits along cleavage planes; few saprolitic sand sized flecks.
 
84P1148
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Cl--105 to 120 cm; 
clay; 50% red (2.5YR 4/6), 50%
(10YR 6/4), light yellowish brown
and very pale brown 
(10YR 7/4) moist; weak coarse angular blocky
structure; firm, very sticky, very plastic; 
few very fine roots; many very fine
tubular and common fine tubular pores; slightly ncid; clear smooth boundary.
Colors mixed in an 
irregular pattern with few fine elongated very pale brown
patches. 
 Rock structure apparent. 
Common black and saprolitic sand sized
flecks. 
 Few weak pressure faces. 
 Many pores stained black.
 
84P1149
 

C2--120 to 165 cm;

brittle; common 

sandy clay; red (2.5YR 4/8) moist; extremely firm,
thin clay films in channels on fracture planes and pores; 
commom
very fine tubular pores; slightly acid.
Common fine and medium very pale brown (10YR 7/4) patches. Tuffaceous rock
structure. 
 Black stains on fracture planes.

84PI150
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FIN", ION tIi(j(ILL fit, iuIIY FbT'I#l'HiMC vtr.hic uSrhoPp'PTSAMPLED A!,: V1,s" 
S bSG,-Otb -012 DATE 11/21/04 SA.i.PLk O. 04P1145-1152 U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE
PEDON NO. 64P 219 

NATIONAL SOIL SURVEY LABORATORY
PROJECT No. 84P 37

GUAMI 
 LINCOLN, NEBRASKA 68508
 

GENFhAL MIETHODS 1TIfi, 2A1, 21l 
-13- -14- -15- -i16- -17- -18- -19- -20

-1-- -2-- -j- -4-- -5- -6-- -7-- -b- -9- -10- -11- -12-
20
 

-CLAY- -) (- -SILT- - - --- -SAND--) (-CO4RSE FRACTIONS(M)-) (>2MM)
(- - -TOTAL - - -) (-

m C VC ---- WEIGHT -- WT
 
FINE COASE VP YCLAY SILT SAND kIhP co3 

5 20 .1- PCT OF
.25 .5 1 2 
SAhPLE HZN DEPTH HIORIZuN LT .002 .05 LT LT .002 .0 .05 .10 

75 WHOLE-2 -5 -20 -75
-.u5 -. 10 -. 25 -.50 -1 
-.05 -2 .0002 .002 -.02
NO. NO. (C.1) .002 
> <- PCT OF <75MM(3aI)-> SOIL


PCT OF <2MM (3A1)- -------------<- -----------

- 2 TR1.1 0.6 0.2 0.2 TH
20.6 3.9 1.3

841145 is u- 14 AP 72.1 ;4.5 3.4 2 --- TR TR21.1 4.3 1.7 1.2 0.4 .
 
841146 2S a4- 40 SWI 71.3 25.4 3.3 

2 -0.3 0.3 0.2 TH 20.8 4.0 1.6 1.1
71.7 24.8 3.5
841147 3S 40- 70 8W2 

-- - 3 22.6 4.9 2.2 1.9 0.6 0.1


BW3 67.7 27.5 4.8
841146 45 70-105 
 3 -2.3 0.7 . -- TH 
841149 zS 105-120 CI 64.9 29.7 5.4 24.1 5.6 2.4 

32.6 12.3 6.3 8.7 2.8 1.4 0.3 TR TR 13 TR
 
411iO aS 1,0-165 C2 35.6 44.9 19.5 

84 151 7S 70-105 fW3-.. 
841152 8S 70-105 BW3-R 

-) COLE (- - -WATER CONTENT - -) WED 
OHZN TOTAL EXTR TOTAL (- - DITH-CIT - -) (RATIO/CLAY) (ATTERBERG) (- BULK DENSITY 

1/10 1/3 15 WHOLE
 
C N P S EXTRACTABLE 15 - LIlTS - FIELD 1/3 OVEN WHOLE FIELD 

BAR BAR SOIL
 
IE AL MN CEC BAR LL PI MOIST BAR DRY SOIL MOIST BAR 


SAMPLE I[ZN 4C1
4B4 4B1C 4BlC 4B2A
4F 4A3A 4AID 4AIH 4D1 

NO. NO. uAIC 633A uH3A LC2B 6G7A bD2A 81)l 8D1 4FI 

-PCT OF <2Ml - -> CM/CU
PCT <0.4aft <- - G/CC - - -> CM/CM <- 
<---.----- PCT OF <2tii-------- > 

1.57 0.222 62.6 44.5 0.16
 
4.6 0.4 TH 0.79 0.62 96 55 0.86 


841145 1 2.95 0.276 

O.bb 1.57 0.222 68.7 51.0 0.15
 

4.4 0.3 -- 0.83 0.7284114t 2 1.05 0.092 49.4 0.11
 
4.6 102 58 0.9G 1.66 0.200 61.1


0.3 - 0.80 0.69841147 3 0.72 

0.94 1.57 0.186 63.2 46.7 0.16


0.91 0.69
841148 4 j.27 3.6 0.2 -
48.7 0.14093 1.59 0.196 63.6


0.2 TH 1.05 0.75
841149 5 0.20 
 3.2 
0.82 1.16 0.122 71.7 55.5 0.13
 

2.0 0.2 0.1 2.37 1.56 98 57

841150 6 U.U9 

841151 7 
 1.8 0.2 -

841152 
 8 3.7 0.2 -

N E I T P A G E ***
 *** C 0 N T I N U A T I O N O N 
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b6-066SASALI -u12 1)ATF 11/41/t4 P.DON NO. d4P 219 NATIONAL SOIL SURVEY LABORA'ORY 

-.- ---4 -5-- -6- -7--.... -t-9- -lL- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20

1----------------- -------------------------

(-
~ it---------------------------------- --------------------------------------NIIOAC EXTRAC'TI'LE --AbTS -) AC3D- FXTr (- 20- - -CEC - -) AL -nASE SA£- COJ AS RES.CA COND.(- - PH - - -)MG NA sUn ITY AL SUm NU4- BASES SAT SliM NH4 CACO3 OHMSSAILE HZN 5B5A 5S1A 5 BS 5 ASEk MMHOS NAP CACL2 H20CATS OAC + AL OAC <2MMNO. NO. 6U2E b02D bP2,a uQ2B 6HA /Cm /CM .01MLG9A 5A3A bAUB 5A3b 5t1 5C3< -t'E e / 100 6 5C1 6E1G 8E1 8I 8CID 8C1F 8C1P- -> <- - PCT._-,--> 
 1:2 1:1
 

841145 1 8.1 36.9 O.t 46
O.U .u 21.6 0.2 ob.4 57.1 47.0 Ta 68 824114b 2 b.5 42.0 1.2 0.b 50.3 17.9 8.6 5.1 5.5bb.2 5d.9 74 85841147 3 5.4 41.3 9.2 5.5 6.01.3 0.4 48.4 16.3 64.7 57.3 75 04841148 4 5.6 46.2 1.b 9.4 5.9 6.40.4 53.8 14.1 67.9 b1.7 
 79 87
841149 5 5.8 51.3 1.7 0.5 59.3 14.8 74.1 6d.3 9.6 6.0 6.5
80841150 9.5 5.8
b b.9 5.5 2.0 0.6 75.0 17.8 92.8 b4.3 

87 6.4 
dl 89
841151 7 5.4 45.3 1.5 0.5 52.7 13.3 9.4 5.6 6.166.0 62.2 80 85841l152 8 5.2 45.0 1.3 0.4 51.9 15.8 67.7 57.7 

9.6 
77 90 9.6 

-
 - -MINER ALOGY -_) - - -SAMPLE~~ Z-
 -- ------------- CA -CLAY -- - - - ) 

SAMPLE NIZO. (- - - X-RAY - --- -DTA--) TOTAL DOn 
(-7A21 -- 7A2I <2U7A2I-- 7A21) (- 7A3-<2U7A3-) RES WEATH781k 
7BIA
 

841145 1 <- REL.TIVE AMOUNTS -> < - PCT - - - ->
841146 2 a 
8411467 MT 4 KK 2 LE I841147 3 KK22 

T 4 KK 3 KK32
841148 4 
841149 5841150 b 

HT 5 (1(2 KK19
841151 7 
541152 8 

FAMILY CONTROL SECION: 
DEPTH 25-100 
 PCT CLAY 70 PCT .1-75MM 2
 

ANALYSES: S= ALL ON STEVED <2flM BASIS
 

INEItALOGY: 
 KIND OF MINERAL MT NONTMOhILL 
 KK KAOLINITE LE LEPIDOCROCIT
 

RELATIVE AMOUNT 
 6 IDETERMINATE 5 DOMINANT 4 ABUNDANT 3 MODERATE 
 2 SMALL 1 TRACE
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N S S L 

SUPPLEMENTAL DATA SHEET 

SASALAGUAN S83GQ-066-012
 

P (- -ACID OXALATE- -) (15-BAR WATER) 
RETENT AL SI FE 

DRY MOIST 

SAMPLE HZN * * * 4B2A 4B2B 

NO. NO. <------ PCT OF <2MM----- > <--- PCT- - -> 

84 1145 1 0.4 -- 1.0 43.6 44.5 
84 1146 2 0.3 0.1 0.7 46.2 51.0 
84 1147 3 0.3 0.2 0.6 46.1 49.4 
84 1148 4 0.3 0.2 1.1 47.4 46.7 
84 1149 5 0.3 0.2 0.5 48.5 48.7 
84 ll0 6 0.3 0.2 0.2 46.7 55.5 
84 11 1 7 0.3 0.2 0.3 
84 1152 8 0.3 0.2 0.4 

* Blakemore, L. C., P. L. Searle, and B. K. Daly. 1981. Soil Bureau 

Laboratory Methods. A. Methods for Chemical Analysis of Soils. New
 
Zealand Soils Bureau Scientific Report 10A. Dsiro, New Zealand.
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CP84Q056Page

-------------------- 4 of 4( ......... "
----------- OPTICAL --------------- MINLY------------------------------------------------------4o4INERALOGY .. . .

OPTICAL-------------------------------------- (--------AY-----HZN FA RE - - ----- (TT-ASAMPLE -
SAND/SILT ------------------------------- ------------------- ----- CLAYCX-RAY---------------(TOT ANAL]:C--------)
NO. NO. 7B1A 781A iBlA iBlA K20BlA 7B1A 7BlA 7B1A BA FEiBlA iBA 7A21 7A21 7A21 7A21 7A21< ----------- 7A3 7A3 6Q3A 6C71PCT ------------------------------84P11 4 5 I1- > < ---- RELATIVE AMOUNTS ------ > <--------PCT---. FE 

84PI146 2
84Pl147 3
84P148 3 MT 4 KK 2 LE I KK22 0.4 S.E
48.K
 KK32 0.4
0.3 10.3
 

84P1149
8401150 584P1151 7
6
 MT 5 KK2 
 KK19 0.3 9.4
 

84PI152 8
 

ANALYSES: 
 S=ALL ON SIEVED < 2m= BASIS 

MINERALOGY: FA - FRACTION ANALYZED RE - RESISTANT
 

KIND OF MINERAL: LE = LEPIDOCROCITE 
 MT - MONTMORILLONITE KK - KAOLINITE
 
RELATIVE AMOUNTs 
 6 INDETERMINATE 
 5 DOMINANT 4 ABUNDANT 
 3 MODERATE 2 SMALL 
 1 TRACE Lmn 

MINERALOGY BASED ON SAND/SILT: CN
 

MINERALOGY BASED ON CLAY: 

FAMILY PLACEMENT:
 

COMMENTS:
 


