AGENCY FOR INTERNATIONAL DFVELOPMENT
WASHINGTON, D. C. (0923

BIBLIOGRAPHIC INPUT SHEET

FOR AID USE ONLY

A, PRIMAR ¢

1. SUBJECT Serials AF26-000C-GG50
CLASSI M yar v 3
FICATION |8 3ECONDARY I'ropics

Food nroduction and nutrition--Soil

resources and management--

2, TITLE AND SUBTITLE

Poeovhnarle solls project; progress report,

19751977

3. AUTHORI(S)

(102 Hawaii Univ. Dernt. of Agronomy and Soil Science; Puerto Rico Univ.
Daopt  of Agronomy and Soils
4, DOCUMENT DATE 5. NUMBER OF PAGES 6. ARC NUMBER
1978 H5n., ARC -
7. REFERENCE ORGANIZATION NAME AND ADDORESS
Hawan i
8, SUPPLEMENTARY NOTES (Sponsaring Organization, Publishera, Ava{lability)
(Joint report of Univ. of Hawaii [contract no. AID/ta-C-1108]}, and the
niv. of Puerto Rico [contract no. AID/ta-C-1158])
9, ABSTRACT
10. CONTROL NUMBER 11, PRICE OF DOCUMENT
PN-RAG- bo €
12, DESCRIPTORS 13, PROJECT NUMBER
$mil classification Tropics 9%1058200: 931060100

Technology trarsfer
Agricultural t.:-hnology
Hetworks

14, CONTRACT NUMBER

AID/ta-C-1108 Res.
185, TYPE OF DOCUMENT

ALD 8001 (4+74)



s S ki
‘.’ .." - . '

RS A A e e .,q T e i } : ‘
¥ Départmenyol Kamyiomu atSoli Scidhce * v 1YL T RO ot o AIE S VR E p ee
ey [ W Séiénce [ BN L paahi e B G e AL %S

cullure 5L o fadl iyt el ‘ 7 1142 . A U R
W N e N s D g R e

| e pil’ 0T e
by SN N T G 2. M IR vt U .
£ g g SRS ke NS AR TRV, My DA AT R v
W k‘ Aofdnggy ool L, s ﬁ"' & T oo My A o i T o T A A AL
.Agricyltyical Sc A TR Ly ; AT Rrh g Ko Ay L Tithaly BN
gricyltural Schinces M s Prolirecslppent 1 L T Sl i Ve, 4 |
oJb A PR TS §

o
niversily of Buerto Ricd “' s 40" = Tpapsplogemevismy T T :
¥, $: ! 'y . ol

' P 5 A S A ‘ L



3)

I T TR D DV RN VR R SR U
TC ~d T N S e et B

i)

-

PN S S SN D

S SN N
LR BN B o N SN SN SNy

PN

S
=

50)
51
53
54
55
55
56
57
58
59
6l
62
63

Highlights
Goal
Objectives
Activities
Findings
Within a Soil Family
Hydric Dystrardepts
Tropeptic Eutrustox
Between Soil Families
Weather as a Limiting Factor
Variety and Disease Incidence
Parc 1. Purpose
The Goal: Agrotechnology Transfer among Tropical Countries
The Model: Framewaork for Agrotechnology Transfer
Part 2. Approach
Busis for the Hypothesis' The Soil Family Concept
Research Design
Establishment of the Benchmark Soils Network
Selection of Sites
Characteristics of the Benchmark Soils
Selection of the Experimental Variables
Controlled Variables
Soil Phosphorus
Soil Acidity and Liming
Soil Potassium
Soil Nitrogen
Uncontrolled Variables
Weather
Solar Radiation
Temperature and Relative Humidity
Wind Speed and Direction and Rainfall
Crop Variety
Disease Incidence
Part 3. Results
Status of Field Experimentation
Summary of Yield Responses: Transfer Experiments
Hydric Dystrandept Network
Tropeptic Eutrustox Network
Results of a Statistical Test of the Trunsfer Hypothesis
The Combined Model Approach
The Transfer Equation Approach
Summary of Responses: Variety Experiments
Maize Trials
Hydric Dystrandept Network
Tropeptic Eutrustox Network
Soybean Trials
Hydric Dystrandept Network
Tropeptic Eutrustox Network
Part . Related Activities
Applying Technology to Local Needs: Results of Management Experiments
Residual Phosphorus
Limiting Nutrients
Nutrient Source
Solar Radiation and Plant Density
Demonstrating the Usefulness of Soil Classification to Soil Interpretation and Land Classification
In-Country YWorkshops
Soil Data Bank
Disseminating Project Information for Utilization
Training Programs
Conferences and Workshops
Publications
Linkages with Cooperating Agencies and Organizations
Part 5. Implications
Literature Cited
Personnel



Benchmark Soils Project
Progress Report 1

51,

55.

Photo caption: At Lembang, Indonesia.....

Hydric Dystrandepts, column 1.
Delete exchangeable calcium.

Photo caption: below photo is incorrect:
downy mildew is more prevalent in the warm
humid climate of the tropical lowlands of
the Typic Paleudults.

Figure caption: second to last column should
be 50 kg K/ha.

The last paragraph before the title
"Disseminating Project information for
Utilization" is misplaced; it should appear
before the head "Soil Data Bank."
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ACTIVITIES

1. Establish and complete the network of sails

Three major soil families of importance in the
tropics have been identified. Detailed soil sur-
veys have been conducted in 15 countries, and
a network of 3 soil families located in S coun-
tries and on 17 experimental sites has been
established (see pages 14-21).

Potential The: focus of the Project can
shift toward gatburing and disseminating
soil and crop data through the Soil and Crop
Data Bank.

Activity 1. Soils Network

Initial phase
1975 1976 1977

Site

Hydric
Dystrandepts:
Hawaii
Philippinas S
indonesia

Tropeptic
Eutrustox
Hawaii
Puerto Rico
Brazil

Typic Paleudults
Philippines
Indonesia
Cameroon

Survey potential experimental sites,

Negotiate and sign long-term agreements,
Staff, equip, and prepare sites for expeniments,
Where we are now.

lan

See pages 14-21 for complete story.

2. Establish, install, complete, and analyze

transfer experiments

A total of 47 transfer (soil fertility) experi-
ments on 2 soil families has been conducted
to generate data. First approximation results
of a statistical test on the Hydric Dystrandepts
have been released (see pages 40-43), which
suggest that the hypothesis of agrotechnol-
ogy transfer from one location to another on
the basis of the soil family is very likely to
be accepted and that crop response can be
predicted.

Potential First approximations will be
completed on the Tropeptic Eutrustox and
Typic Paleudults; second and chird approxi-
mations on each family will also be completed.
The hypothesis is expected to be confirmed,

Activity 2. Transfer Experiments

Initial phase
1976 1977

Site 1975

Hydric

Dystrandepts

Hawaii s
Phitippines S
Indonesia S

Tropeptic
Eutrustox
Hawaii
Puerto Rico
Brazil

Typic Paleudults
Philippines
Indonesia
Cameroon

S

s Setup sites.
A Conduct experiments and collect data {wet and dry
season, each year),

® Test hypothesis across the network, st approxima
tion,

@ Test hypothesis across the network, 2nd approximea
tion,

Q@ Test hypothesis across the network, 3rd approxima-
tion,

W Where we are now,
See pages 30-39 for complete story,



3. Establish, install, complete, and analyze crop
(variety) and soil management experiments

Crop variety traals actotal of 13 experiments)
o identity the maize and sovbean varieties
that wre best adapred wou locatity have been
installed and are underway on all sites of the
Hydric Dysteandepts and on several sites of
the Tropeptic Eutrustox isee pages 13-40).
Management tals varotal of I8 experiments)
1t cconomic fevels tor farmer inputs have
been mstalled and are underway (see pages
47320,

Potential Variables of the transfer
experiments will be evaluated at levels useful
to the small tarmers. Levels of in-country
munagement practices will be surveyed and
identfied on soils similar o those of the sol
famuly network. Overall coordination of soil
survey, soil interpretation. and fand classifica-
tion will assist planners in less developed
countries by providing alternasives of land use
tor country development. Afeer first approx-
imation recommendations are formulated,
transference levels of agrotechnology can be
identified for use by national planning
agencies for in-country agricultural develop-
Ment Programs.

Activity 3. Crop Variety and Soi! Management
Experiments

Initial phase
Site 1975 1976 1977
Hydric
Dystrandeots
Hawaii ]
Philippines
Indonesia

G N —

S

O

Tropeptic
Eutrustox
Hawvait
Puerto Rico
E‘rﬁ!“ §—

S—N—§—

Typic Paleudults
Philingpines
Indonasia
Cameroon

s Design experniments,

' Conduct experiments and collect data (wet and dry
se2gson, each year).

Furmutate recormmmendations, 1st approximation,
Formulate recommendations, 2nd approximation,
Foarmulate recormmmendations, 3rd approximation,
Where va2 are now,

. R2L01S)

Ser. pages 43-52 for complete story,

4.Analyze information for soil interpretation and

land classification

As a result of the Project, the value of Soif
Taxonomy is becoming increasingly evident to
host countries (see pages 53-55). The Soil
Rescarch Institute of Indonesia has ordered 50
additional copies of the book for distribution
to scientists and planners and has conducted a
workshop to promote the system’s use. The
soils of 9 proposed and existing experimental
sites on key soils of Sumatra are being classi-
fied according ro the Soil Taxonomy system.

Potential There are strong indications
that the pattern of host-country initiative will
continue with the expansion of the soils
network und the Soil and Crop Data Bank,
The adoption of Soil Taxonomy as the basis
for soil interpretation and land classification
hy tropical countries is potentially the most
significant consequence of the Benchmark
Soils Project because an international classifi-
cation system will enable agricultural infor-
mation exchange within and among tropical
countries.

Activity 4. Soil interpretation and Land
Classificatiors
Initial phase
Site 1975 1976 1977
Havsaii S
Philippines S
Indonesia
Cameroon
Puerto Rico § o
Brazil
S0 Analyze and interpret transfer and  ranagement
eAperiments,

5 Start survey of fariner managerment practices,
@ Complete survey of farmer management practices,
B Where we are now,

See pages H3-55 for cornplete story,



5. Disseminate principles, concepts, and results

The Project has entered into cooperative
agreements with 8 agencies or institutions and
established linkages with 3 international agri-
cultural research centers. Awareness of Project
goals has been disseminated through training
programs, meetings, workshops, and confer-
ences and via publications (see pages 54-60).

Potential The concept of agrotechnol-
ogy transfer based on the soil family will be
useful for the outreach and farming systems
programs of the international centers and for
the planning and development of research sta-
tions on key soils of the LDCs. The Project will
also assist in the training of LDC scientists to
carry on additional activities to increase food
~ production.

FINDINGS

Benchmark Soils Project personnel classified
soils according to Soi/ Taxonomy in areas
where this classification was unknown or un-
used before the Project’s inception. This means
that a unified system of soil classification is
slowly becoming a reality and that worldwide
acceptance of one international soil classifica-
tion system is expanding,

In every soil family, tiiere are certain limit-
ing factors affecting good crop yields. These

Vithin a Soil Family

Although soils of the same family occur in
geographically separated areas in the tropics,
they require the same agrotechnology (Fig. 1).

Activity 5. Dissemination

{nitial phase
1974 1975 1976 1977

Seminars and work- S
shops held
Training courses

held

Graduate students 5 -5 -
trained

Publications S S S—§—5—§
produced

[ Started (planned workshops and training coursés,;
began selecting students; began publication of work-
shops and training courses),

¢ Completed (held workshops and training courses;
student selection completed; publications produced},

B Where we are now.

See pages 54-60 for complete story.

factors were confirmed to be the same within
the same family and different between soil
families. Management practices depend on the
limiting factors and can therefore be predicted
for specific soils. The foliowing recommended
management interpretations are results of
Benchmark Soils Project field experimenta-
tions to date on the two soil families studied.
Detailed information on these findings is pro-
vided in the Results section, pages 29-39.



ield responses l0 maize
observed at the sites in Hawaii,
the Philippines, and Indonesia
showed a similar pattern; all

n phosphorus responded to application of
tertilizer phosphorus in

varying degrees

eatments generally had no
tonyield eventhough the
pH was lower than 5.5, In

5 Xperiments even
inyleldwith
sstrales of meapplication

y minor incigence of downy
Y (WhiCh reguires warm
st caonditions) occurred in
Ingongsia and none occurrea
in the Philippines, even though
a serious
countries

m
LLe

Much larger applications of
phosphorus are necessary than
on the Tropeptic Eutrustox

The exisling expensive practice
of liming acid tropical soils to
oblaingood cropresponse does
not necessarily apply lo
Hydnc Dystrandepts

Downy-mildew-resistant varieties
may not need o be used because
the isothermic temperature
regime may retard the
development of this disease

Tropeptic Eutrustox
i "f‘a?

Jybeans did not
0 potassium

2 with Reglstered the highest maize
ald in the Benchmark nelwork

Phosphorus must b2 added, but

in lower amounts than for the
Hydric Dystrandepts

Adding potassium o these soils
IS not necessary lor initial
cropping seasons. However,
continuous cropping without
supplementary addition of
potassiurn will eventually deplete
the potassium reserves in
these solils

Irrigation i1s required lor
optimum yields

Between Soil Families

Weather as a Limiting Facior

Yields on soils are affected by weather, which
differs among soil families and even between
sites within a soil family, Quantifying the
weather variables will assist in determining
the crop response.
® Maize yieids were higher overall in the
Tropeptic Eutrustox netwerk than in the
Hydric Dystrandept network. Tropeptic
Eutrustox receive higher solar radiation

and thus have higher potential for grain
yields of maize than do the Hydric Dys-
trandepts, which have more cloud cover
and therefore less incoming solar radia-
tion.

There is higher rainfall in the Hydric
Dystrandepts than in the Tropeptic Eu-
trustox; therefore, irrigation is supple-

|
|
!
1i




mentary for the Dyserandeprs but neces-
sary for the Eutrustox.

® Higher yields were obtained within the
warmer isohyperthermic Tropeptic Eu
trustox family than in the cooler iso-
thermic Hydric Dystrandept family.

Variety and Disease Incidence

The variety of maize used for the bese yields
differs among families; discase incidence may
be predicted by the soil family.,

® ‘Pioncer X304 hybrids do best in the

Fig, 1, The transtor hypothesis of the Bench
mark Soils Project s that agrotechnology
can be transtecred between somilar sotls evin
thouagh they are widely: sepa.ated, Tho vol
camc ash sanls ol the Hydne Dystrandents
soll tamily ocour near M, Gede in Cipanas,
Indonesia (upper left), MU Isarog in Naga
City, the Philippines(apper right), and Mau
i Kea, Honorvaa, Island of Hawai, ULSA,
(hottom),

Tropeptic Eutrustox nerviark; no single
best-adapred variety for the Hydric Dys
trandeprs | s been identified to date
Soybeans were affected by andh:
nose in the Tropeptic Eutrustox bur not
in the Hydric Dystrandents. they wer
severely affected by rust, leaf spot, and
powdery mildew in the Hydrie Dyserean
depts but not in the Tropepric Eutrustox
Muaize was severely affecred by

but generally escaped downy mildey
attack in the Hydric Dystrandeprs. N

particular discase trend was idennficd i

the Tropeptic Eutrustox



http:lutrus.ox

THE GOAL: AGROTECHNOLOGY
TRANSFER AMONG TROPICAL COUNTRIES

At the World Food Conterence (Rome, Octo-
ber 197 0 attention was focused on the world-
wide, steadily worsening agriculwral situacion,
ad 1 was determined that a concerted inter
national ¢tfort is needed o alleviate the pres-
ent food crists and o prevent future famines.

Agricultural expermmentation is both ex-
pensive and tane-consunung: thus, 1t appears
expedient w capitalize on agricultural experi-
cnce ganed elsewhere. Time has shown,
however, that the extrapolation of agriculoural
experience trom developed countries in the
temperate zone to less-developed tropical
countries has met with hirde success. One rea-
sont tor the failure is that many soils of the
tropics have properties thar require manage-
ment practices unigue to these soils, which do
not necessarily conform to the known prac-
tees for soils of the temperate regions. This
implies that the process of transfer of agro-
technology o less-developed tropical countries
must take place predominanty within the
tropics.

To assist in the transfer of agrotechnology,
the Benchmark Soils Project was established
by ULS. Agency for International Development
contraces ta-C-1108 with the University of
Hawait in 1974 and ta-C-1158 with the Uni-
versity of Puerto Rico in 1975, Both projects
have been extended ) 1980. Sites were estab-
lished in 1975 in Hawaii and Puerto Rico; in
1976 in the Philippines and Brazil, and in 1977

in Indonesia. In 1978, negotations began to
set up sites in Cameroon.

The purpose of the Project is to test an
innovacive approach to agrotechnology trans-
fer designed to assist LDCs (less developed
countries) in appropriately utilizing ctheir land
resources for increased and better quality food
production by bypassing three major con-
straints: scarcity of qualified research person-
nel: insufficient capital; and, above all, lack of
tme to close the widening gap between agro-
production and food requirements. The tradi-
vonal approach to agricultural research is
extremely time-consuming, and farmers ur-
gently need the basic information conducive
to higher outputs; they cannot wait for local
research to regenerate information that is
already available to them via transfer (Fig. 2).

It is the underlying rationale of the Bench-
mark Soils Project that soil management
knowledge is directly transferable in the
tropics on the basis of the soil family in Soi/
Taxonomy (Soil Survey Staff, 1975). If this
hypothesis is substantiated, a strategy for
mobilizing and utilizing existing soil manage-
ment information can be conceived and incor-
porated in the general modelof agrotechnology
transfer. The action program will conform to
the World Food Conference goals of involving
innovative approaches in the development of
(1) appropriate agricultural technologies, (2)
procedures to guide the selection of land re-

RESEARCH

)

=

DU ST

COUNTRY B

it \ /
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Fig. 2. The transfer hypothesis of the Benchrnark Soils Project is that experimental results obtained from
ane country can be aprlied 1o sites on the same soil family in other countries, thus saving time, monaey,

and labor.
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Agrotechnology
transfer will not be
confined to solil
management; it will
be shown to
encompass all
associated
experience and
knowledge.

The farmer receives

sources to be developed, and (3) a methodology
for the transfer of appropriate agroproduction
technology of these areas.

If proven correct, the transfer hypothesis
may well have a profound impact on agricul-
tural development and increased food pro-
duction:

1. Millions of dollars worth of research
information produced by thousands of
man-years of effort will become
available for immediate tapping.

2. Millions of dollars will be saved by
avoiding the duplication of agronomic
experiments throughout the tropics—a

waste of time, money, and effort 1.DCs
can ill afford.

3. A worldwide network of expertise will
be formed, and a Crop Production
Reference Center by taxonomic soil
units will be established.

4. The concept of agrotechnology
transfer will not be confined to soil
management practices but will he
shown to encompass all associated
experience and knowledge—-for
example, information on crops and
farming systems, water management,
erosion control measures, economics of
crop production, and so on.

THE MODEL: FRAMEWORK FOR
AGROTECHNOLOGY TRANSFER

There are two essential components to the
agrotechnology transfer process. A horizontal
component delivers information and technol-
ogy, which meet the physical requirement of
a site. Once this is achieved, a rechnology can
be devised using this physical information
plus the applicable socioeconomic conditions
to fit local customs and conditions. The farmer
receives technology tailored to his needs

technology tailored through the vertical component (Fig. 3).
fo his needs. In the Benchmark Soils Project, two types
of experiments, one for horizontal and the
other for vertical technology transfer, are
HORIZONTAL

transfer of basic information among nations

VERTICAL
delivery of technology
tailored to local situations

Fig. 3. In the Benchmark Soils Projert, two types of experiments, transfor
anct management experiments, have been designed to study the horizontal

and vertical components of agratechnology transfer.

being conducted. The experiments related ro
the horizontal component are called “transfer”
experiments and are designed to tese the suit-
ability of the soil family as an instrument o
cransfer physically appropriate information
and technology. The "management” experi-
ments are conducted to render physically
appropriate information and technology so-
cially and economically appropriate to local
situations. The management (or vertical
transfer) experiments are designed to inter-
cept and digest horizontally transferred infor-
mation for local assimilation.

For example, the physical requirement for
phosphorus or lime in the thixotropic, iso-
thermic family of Hydtic Dystrandepes is
tansferable information. It is not necessary to
rediscover this knowledge at cach sit¢ inevery
country. How this information is used de-
pends, however, on the iocal situation, Phos-
phorus, for example, is found in manure or
bones, and it can be applied as raw or partially
acidulated rock phosphate. It can be purchased
as superphosphate, treblesuperphosphate. o
mixed fertilizer, in both liquid and solid forms.
In addition, the farmer may choose not
apply phosphorus, but to grow crops with low
phosphorus requirements.

Effective technology transfer hinges on
horizontal information exchange among na-
tions and vertical delivery of appropriate
technology to the farmer. Each component is
necessary but not sufficient initself to transfer
technology.



BASIS FOR THE HYPOTHESIS:
THE SOIL FAMILY CONCEPT

The basts for the Benchmark Soils Project is
the soil family. as defined in S9¢/ Taxonomy
(Soil Survey Stalf, 1975), which describes the
procedures for idenctying similzr soils in
similar environments on a global scale. The
contents are based on more than 50 years of
soll resedarch
I'he system consists ur six categories, from
highest to lowest levels of generalization:
ler, suborder, great group,subgroup, family,
Fig. 1), Each of these is defined by
r absence of specific diagnostic

L SCTICS
Presence o
rizons, both ar and below the surface of
suils, which show the accumulation of mate-
rials und other properties and features that

be used tor sotl differentiation. These may
nclude such features as depth, color, texture,
and structure and the chemical and physical
haracreristics, including cation-exchange ca-
pacity, extractable bases and hydrogen, toral
walable phosphorus, acidity level, percentage
of organic matter, and partcle-size distribu-

tion of the }H:dml.\

The soil family was selecred as the basis for
the transterence of agrotechnology because it
stratities the soils of the world into relatively
niarrow groups, integrating the environmental
climauc) intormation thar is important to
plint groweh with the physical and chemical
charactevisties that affece soil response to
management. Thus, the soil family name con-
stitutes a condensed scientific statement that
inteprates the knowledge abour a soil with irs
¢avironment.

There are, for example, obvious reasons
why bananas grow well in Honduras but not

Flg. 4. The numbgr of stalements that can be

nacie about a 501l int reases a5 one moves down the

in Canada, and these faces are illustrated by the
temperature regimes that are contained in the
soil family names of both regions. For prac-
tical reasons, the soils of che temperate region
are separated from the soils of the tropics
through soil temperature ac the family level of
classification. This leads to the logical conclu-
ston that members of the banana-growing
family of Honduran soils cannot occur in Can-
ada. Then, within che tropics, the soil family
name furcher stratifies soils into 16 environ-
mental niches on the basis of soil temperature
and moisture. For example, soils of the Ama-
zon jungle are different from soils on the
slopes of Mt Kilimanjaro, and both groups
are different from the soils of Sahel. Other
differentiae in the classification system sepa-
rate sotls within cach of these regions into
different families.

A great deal of information is stored in the
soil family name (see pages 17-21), Take, for
example, the thixotropic, isothermic family of
Hydric Dvstrandepts used as one of the Bench-
mark Soils. The name implies that this soil is
associated with volcanoes that erupt ash and
cinder. Soils developed from volcanic ash or
cinder are so distinctly different that they are
separated from all other soils at a high tax-
onomic level. They are called Andepts. But
Andepts can occur in Alaska, Californie, Cen-
tral and South America, New Zealand, Indo-
nesia, the Philippines, Africa, and Japan. The
name Andept does not permit one to make
specific management recommendation about
this group of soils. If we narrow the Andepts
to Dystrandepts we can make more specific
statements about Andepts, but it is not until

SOIL TAXONOMY

Order
Suborder
Great group
Subgroup /

Series /"

10 increasing
J « information
o 47 » knowledge
v » experience

h

par 2

appProac



T . we classity soils down to the family level that watered conditions cun be expected to pero
Specilic soil family : :

constraints specific statements about management and — well on this soil

determine the crop production potential can be made. The [t 15 possible to extrace from the Lil

suitability of a thixotropic, isothermic family of Hydric Dys- — name ot only constraines such s ruint

parcel of land for trandepts occupy distinet ecological niches in temperature, and solar radiecon, thae are o

specific crops. the tropics. They cannot occur in Alaska,  side the provinee of human control, but co

=N — Japan, or New Zealand. The family name im- straines that can be altered or removed by
plies that two or even three crops of maize  us well So thar if o crop performs poorly o

can be grown on this soil cachyear. The family  soil, the family name shounld coable o

name also implies that certain plant nutrients — ascertain whether or nor the

will be deficient, that certain plant diseases — corrected

will be excluded from this niche, and that only Thus, the soil Family clissitication provid
T minimum supplementary’ irrigation will be information related. t) crop adapty
The theory is that required throughout the year
the response of
maize obtained in
one counlry can be
applied to siles on
the same soil family _ Irsia
in another country. tropic, isothermice family of !.Ij.'\{ru Dystran-  quired !ur. dogiven crap, Sols belonging oo
PRSI —— deprsoccur inunitormly cool Gsothermic) and. same family, therefore, should have essent

need tor irrieation, and APPrOPCLLe

ment praceices; Direct micastrements of s
Specttic constraines associited with a par-  properues dre required to ussess the etfects of

ticulur soil famaly determine the suitability of — past muanigement or e variations

4 parcel ot lind for speaitic crops. The thixo-  determine specttic mantgement

moist (Hydric) niches. The soil is crequently  the same management requirements andi

deticient in phosphorus (as deduced from sponses and should have similag porentisls f
thixotropic). Thas, crops such as millet and crop production. Conscequently, the inherent
sorghum are not espectlly suited to this soil qualities ¢f 4 soil family should miake
because the climate is too wet The root cran transier oF agrotechnology possible. In this
cassava s also not suited, not because of wet- way, rescarch conducted on w soil in Pucre
ness, but because of low wemperatures. Onthe Rico aphies o all members of thar fanils
other hand, Trish potitoes, veeetables, and  whether t]nrj. occur in Sumarera, Borneo, Co
other crops that prefer cool and adequately lombia, or Zaire
-\
RESEARCH DESIGN
The theory is that experimental resules (sp
':'.‘:.-f‘;":é"-"-“'.":ﬂ:icf‘&‘}‘- citically, in this phase of the Project. the 1e
el B” RIS L oS sSponse of maize o applications of phosphisrus
| \" 2 *";‘M"‘“@"""’“ and lime) obeained from one counre
; ; .ll‘P[H'L{ [ Sites on T]H' SAINE SO iy
another country
The research desien and methodol
test the hypothesis were developed in concun
rencewith the recommendations of the Woek
shap on | xperimental Desten (Silva and
Beinroch, 1975 1o the Projece desipgn. distin
tons are mude beeween two types of expe
tation T
1 W erlstfnd B m S Dl o Sl W el e 2 B,

R B S,
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CONTROLLED

CONSTANTS

&
} s X

(soil, climate)

OUTPUTS
[predict'ions}
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and three kinds of experiments, referred

fesignated primary and secondary

nsfer (soil ferulivy) ) ariety, and man-
et experiments

Frimary sites are locations  there all chree
{5 of experirents are being ronducted and
ompletely instrumented £ collection of
fata: air temperature, rela-
1

humidity, rainfall, solar radiation, wind
pan evaporation (which is optional), and
cimum and minimum soil temperatures at
15-, 20-, and 50-cm depths, Secondary sites
ations where only transfer experiments
wing conducred. They are required o in-
aumber of experimental sites per

rder to have sufficient data for
iy vahid estimare of the effect of

ontrolled variables on crop yields. Second-
sites may ditfer from primary sites in that
they exhibit variations in soil properties im-
portant to plant growth, such as pH or base
saturation, within the range permitted by the
detinition of the soil family (see pages 17-20).
I located ar some distance from the primary
site, secondary sites may also have different
weather conditions, and the same weather
parameters are monitored as at primary sites,
Field operations, data collection, and data
processing follow standardized procedures
and puidelines to ascertain compatibility of

n of the Benchmark Soils Project, Quiputs of the Project are

ntrolled and uncontrolled variables.

results throughout the network. These guide-
lines are sufficiently detailed to insure com-
patability of data obrained at all sites. All field
operattons—such as land preparation, pest
control, irrigation, and harvesting—are con-
sidered. as well as field plot designs and data
collection at all sites. Experimental yield re-

sules, with all related data on concrolled and

4 Standardized
uncontrolled variables (see pages 21-28) are

procedures and
guidelines are
followed to
ascertain
compatibility of
results throuahout
the network.

analyzed in conjunction with the Project sta-
tist cal consultants with the uldimate objective
of testing the transfer hypothesis and devel-
oping a model of agrotechnology transfer
based on soil interpretation and land classi-
fication.

The transter hypothes. of the Benchmark
Soils Project is the pivot around which all the
activities operate, These fertility experiments
are called “transfer” experiments because they
provide the data that will be used to show that
soils of the same family have similar manage-
ment needs. This is formally called “the test of
the hypothesis of transferability of agrotech- The
nology among soils of the same family."” ultimate objective is

There are a number of ways to test the goveloping,amode!

[ e of agrotechnology
transfer hypothesis. The approach taken by T iyt
the Benchmark Soils Project is schematically soil interpretation
shown in Fig. 5. The transfer function gencer- and land
ated from experimental data obtained at one classification.

site is used to predict outcomes at other sites.

13
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The test of the
hypothesis requires
careful selection of
both sites and
experimental
variables.

The tese requires tha a test crop be grow o ur

der similar management conditions on the

siame sotl Family g network of sices 1o the

tropics. Becavse members of a soil family dre

not identical bur similar within o range of
characteristics, the outcomes should be ex-
pected to vary within a similar narrow range

The soil constraints plice a cething on the
outcome but, for most sotls, this cetling s at
taned only under normal weather conditions
and proper management. The cerling s the

soil potential: Under normal weather condi-

tons, the input-output relationship si
st lar tor members of o soil Ganily, 15
normal weather cannot be guaranteed, wi
paramerers must be monitored and
v uncontrolled variables o thi
luncrion
The test of the hypothesis reg

IL'i!IIIH-r! -!lL"‘ﬂ.rr]\\i]It!!I|. [

ments and the selecnon of ex
ables. These are discussed 1
sections, and oo summary of o
i|1'.|‘.('-i

Project personnel
had long experience
with the Hydric
Dystrandepts.

ESTABLISHMENT OF THE BENCHMARK
SOILS NETWORK

Three soil tamilies from upland areas tha
have the potentid to be producoive under
NCCCSSATY NUHLAZCMENT Practices Were se
lected to test the hypothesis CTable 1 The
locations of the soil network are shown i
Table 2

ditferent countries e the nerwork s shown

and Figo o, and the hinkage of the

in g

The frese tamily selecred wis the

tropie, isothermic Hydrie Dyserandeprs
cause this sotlas casy to locare and the Proje
personnel had long experience wich i
agenient. The second tanuly, clayey, Kaolin
isohvperthermic Tropeptic Futrustos, occrs
in Puerto Ricoand Flawanand was selecred s

foster closar linkage between the Puerto R
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Hydric Dystrandepts/lole, Tropeptic Eutrustox/ Typic Paleudults/Barombi-I ang '
Island of Hawaii Isabela, Puerto Rico Cameroon b

Table 1. Classification of soils in the Benchmark Soils Project

Soil Taxonomy taxa  Soil family A Soil family B Soil Family

"Riksedd Soul Taxanomy (5

Table 2. Location of the network of the three soil families

PPN S SURCL——— , _SEENYRE y 7SR

Soil family Location
i L
Clayey e 1iTall \ | |
] t i |
Colaavey  Kaolinet ISOnvier e 1 Mg | ETAN]
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and Hawai Benchmuark projects. The third
family, clavey, kaolinitic, isohyperthermic
Typic Paleudults, as included at the request of
the host countries because it is an importane,

underucilized soil in the tropics.

Selection of Sites
[he selection of the Benchmark Soils Project

cs was preceded by a search of existing soil
survey data (soil survey repores including lab-
tand maps). Various individuals
cred ro obrain information

eld work was implemented, In
Huawaii, for example, published soil surveys
Foote et al, 1972 Sato etal., 19735) were used
termine the areas of interest, and an on-
te investigation was then made of a particular
\uger-sampling and laborarory charac-
rizacion of the soil samples preceded pit-
inpling, profile description, and furcher
ratory characterization. Soil geomorphic

|

attonships were also used to predict the

occurrence of a particular soil in a landscape.

The soil-geomorphic relationships were
used extensively in locating sites in the Philip-
pines, Indonesia, and Cameroon where soil
survey data were unavailable or, if available,
of limited nacure.

For sites outside Hawaii. arrangements
were made with appropriate government and
research institutions to obtain the help of in-
country soil scientists. Working with these soil
scientists, the Hawair personnel or the Ha-
wiii-hired soil consultant evaluated several
possible sites for the Project experiments by
examining the necessary requisites of a site.
Some of these requirements were availability
of water, adequate space, nearness to other
experimental facilities, and so on. In nearly
every situation, soil pits were dug (Fig. 8) and
the soils were described and sampled for lab-
oratory characterization and classification ac-
mrdin_u to Sodd .f.‘:_\'mnw.{] (Soil Sllr\'t')' Staff,
1975),

The sequence of events required to establish
4 s50il family necwork is shown in Fig. 9.

Suitable

fey }) soil family
Y based on
_ __,-\_VL/ field study /A
ol s //) o

Selection of country.
Preliminary approval of
host country.

= =

| Selection of site.

Approval of host country
government.

Signing of agreement.

Implementation of field
study.

¢

B

=

Suitable

soil family

_fJ based on
laboratory

Development of work plan.

'\ Study

0 establish & son family

Hwork.,

Characteristics of the Benchmark Soils

Profile descriptions and laboratory data for
the soils at cach site (14 soil profiles rep-
resenting 25 sites) have been collected and
compiled by Project personnel and are
presented in Tech. Rep. | (Ikawa et al., 1978).
A summuary of the general characteristics of
the three soil families under study by the
Benchmark Soils Project is found in Tables 3

and 4. Table 3 provides a summary of the
inferences from the nomenclature of Soil Tux-
onomy for soil and crop management of the
three families in the Benchmark Soils Project.
The extent with which these inferences can be
made from the taxonomic names is limited,
however, by the availubility of accessory in-
formation associated with cach term. In Table

Soil-geomorphic
relationships were
used to predict the

occurrence of a
particular soil in a
landscape.

17



Table 3 Propettin of thn s0il fnrmliu m tho.
“and the inferences for manmmlm practices

toiact netwoclt, their relationship to the soil family names,

Taxonomicname = Inherent soil family chlnctarhtiu-'-;'___, Qe

'/ ' Management considerations

Thixotropic, isothermic Hydrfc Dystrandepts. ST
thixotropic High'surface actw!w of oolluids.

isothermic Cool soil temperatures (15- 22 C}

Hydrin Moist humid sons

Dystr- Low base saturatlon (K136%).

-andept Low bulk denss:v {é 0.85 g!cm3l

Clayey, kaolinitic, rsohyperthennfc Tropeptic Eutrustox:

clayey = Moare than 35% clay,

kaolinitic . Inert to low active clay.

isohyperthermic Warm soil temperatures (> 22°C}.

Tropeptic Moderate'to strong structure,

Eutr- : Enriched with n'utrients; base saturation.
' =2 650%. ; :

-ust- : Pronounced dry season. .

-0X Low nutrient’ retentlon, Iow catlon exchange

_ capacnv ' -

Clayey, kaolinmc :sohyperthenmc Typic Pafeudufrs

clayey : Clayey subsml ; i

kaolinitic Inert to low active clay.

isohyperthermic Warm soil temperatures (> 22 C)..

Typic ; o Typ!cal or central concept. :

Pale- R Deep old soils with low nutrlen.t supply

-ud- . Humid soils,

-ult : Low base saturation (S 35%]

" High amounts of phosphorus must be added.

Crops must be suited to cool climate.
No irrigation or only supplemental irrigation
" required.,
High fertilizer inpu! required; lime applica-
©Lion required in some cases,
Low power requirement for tillage; nood
drainage and infiltration char3cteristics.

High power requirement for tillage.

Low amounts of physical manipulation re-
quired.

Crops must be suited to warm climate,

Good drainage and infiltration characteris-
tics.

Low to moderate amounts of fertilizer re-
quired.

Irrigation required’ for crop growth during
the dry season,

More frequent ‘application of fertilizer re-
quired.

Good. subsoil water-holding capacity, sub
soiling may. be required.
Less subsoil manipulation required.

- Crops must be suited to warm climate,

. Connotes standard management practices.
' Moderate to’ high ‘fertilizer input generally

-‘required.

Onlv supplemental ||r|qal|on required,

Likelihood of soil acidity; lime probably re-
- quired.
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1

X

J

L 1/3:bdr water reten-

vaearth fraction of soil is

gfcc and exchange

s dan, mated by amorphous

some ho: -

and/or

sh, chaders, or other
matertal (by weight)

finore |‘)! Sfj‘j.

af the Benchmark Project soils

Tropeptic Eutrustox

3. Cation-exchange capacity (by NHg-

OAc) is 16 meq or less/100 g clay. Ca-
tion retention from NH4Cl is 1.5 meq/
100 g clay (or over 1.5 meq of extract-
able bases plus extractable aluminum
per 100 g clay).in oxic horizon. Oxic
horizon does not extend to a depth of
1.25 'm below soil surface and/or
structure is at least moderate in grade,

Typic Paleudults

3. Weatherable minerals are less than 10
percent in- the 20- to 200-micron
fraction of upper 50 cm of argillic
horizon. Clay distribution decrease is
not more than 20 percent of the
maximum. within 1.6 . m of soil
surface.
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Table 5. Summary of the range in characteristics of the Hydric Dystrandepts

Hawaii

Philippines Indonesia
i1 i 1 Wi cli Larcyvan I it Hiiar 11 I i
8 B 1 B2 hornzons o e o WY MW1Y  anied f {
ik redddishy b n (5Y[ 8 |t 10t |
Voto brown and dark hrown (7.5 Bry an 1y Iy
| ndl ks voll |
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PN 1 i) ] o
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1 A i it I ] | 1 1 i i
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Vorans fr d 1 th
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100 1
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Table 6. Summary of the range in characteristics of the Tropeptic E



Table 7. Summary of the range in characteristics of the Typic Paleudults

Philippines Camerqon

indonesia

Surface horizons are dark brown to
brown {10YR 4/3) to dark yellowish

T Sorta ¢ by o s black (OYR 2.5/1), 1.
B2 honcens ate dark reddish brown

(bY R 32,0 3/3) and reddish brown brown (10YR 4/4); B2 horizons are
(Y 1R i), yellowish brown (10YR 5/5).

2. Cation exchange capacity of the 2. Cation exchange capacity of the
subsoil ranges from 17 to 21 meq/100 subsoil ranges from 11 to 17 meg/100
q of soil. g of soil,

3. Sum of bases of the subsoit ranges 3. Sum of bases ranges from 1.7 to 3.7
from 4.5 10 6.5 meq. meq.

4. Base saturation ranges from 27 1o 31 4. Base saturation ranges from 16 to 24

1.

. Cation exchange

Surface horizons of 3 pedons are dark
reddish brown (BYR 3/2), dark brown
to brown (7.5YR 4/2), and dark
grayish brown (10YR 4/2), respective-
ly, B2 horizons with increasing depth
are reddish brown (5YR 4/4}, yellow-
ish red (BYR 4/6), and dark red
(2.5YR 3/6) for one pedon; yellowish
red {(BYR 4/6), dark vellowish brown
(10YR 4/6), and red (2.5YR 4/6) for
the second pedon; and strong brown
(7.5YR 4/6) and vyellowish brown
{10YR 5/6) and vellowish red (GYR
4/6) for the third pedon.

capacity of the
subsoil ranges from 7 to 12 meq/100 g
of soil.

. Sum of bases is less than 2 meq, in

most cases being less than 1 meq.

Base saturation ranges from 4 to 16
percent,

Extractable aluminum ranges from 1
to 4 meq.

Pereent, percent,
ho Exvavtable aluminum rangss from 3 5, Extractable aluminum is less than 0.2
1o 4 meq. mag.

SELECTION OF THE EXPERIMENTAL
VARIABLES

The experimental variables were selected by

the Benchmark Soils Project to test the

+1 +0.85 +0.40

0

Phosphorus {coded value)

-0.40 -0.85 -1

transfer hypothesis because they are (1)
controllable, (2) important to the test plant—
in this case, maize, and (3) key features of the
soil families under study. Uncontrolled

+0.85 |m

!

variables are also being monitored to explain +0.40 -
the site-to-site differences that may be

encountered and to confirm the climatic

regimes of the three soil families. All of these
data are essential for describing the potential
crop performance at the various sites.

The treatment design is the 5¢ partial fac-

Nitrogen (coded value)

-0.40 .

torial modification by Escobar (Fig. 10), as de-
scribed in a paper by Laird and Turrent (in -0.85
press) and presented at the Workshop on Ex- ]

+

perimental Design in Hawaii in 1974, -1

To keep the transfer experiments manage-
able, and yet obtain sufficient information, 5
levels of each of two variables were combined
to give 13 of the 25 possible treatment com-
binations (Table 8). The same treatment com-
binations are used for all three families, but
the rates used differ umong families according

ments,

Fig. 10. Treatment design for 52 partial factorial modifica-
tion by Escobar used for the two-factor transfer experi-

to the different levels of these nutrients in the
different soils. These treatments are replicat-
ed at least 3 times. The experiments have been



designed so that all other controllable factors
—such as irrigation, other nutrients, plant
protection, and plant density—are main-
tained near optimum levels so that treatment
effects are clear. Both maize and soybeans
were used as test crops in the early transfer
experiments, but maize is the only crop now
being tested since nitrogen, one of the vari-
ables used in all transfer experiments, does
not constitute a test variable for soybeans.

Table 8. Treatments used in transfer experiments (coded values)

Lime or

Treatment Phosphorus Potassiuma
A -0.85 -0.85

B -0.85 +0.85

C +0.85 -0.85
D +0.85 +0.85

E -0.40 -0.40

F -0.40 +0.40
G +0.40 -0.40
H +0.40 +0.40

J ob 0

K -0.85 0

L +0.85 . 0

M 0 -0.85
N 0 +0.85
0 Complete control® -

P Partial control€ —

ALime was used for the Hydric Dystrandepts, and potassium was used fur the Tropeptic

Eutrustox.

0 = optimum treatment,

€0 = no fertitizer applied; P = no treatment variables applied but given blanket applica-
tion of macro- and micronutrients,

1300,

Mg P sorbed/g sol

——— Hyanc Dystrandepls
Tropeptic Eutrustox

P in solution (ppm)

Fig. 11. The steeper slopes of the phosphorus-sarption curves in the Hydric
Dystrandepts mean they require more phosphorus fertilizer than the

22 Tropeptic Eutrustox.

(The legume soybeans fix nitre . ~ymbioti-
cally.) Varieties initially known to be well
adapted are planted in the transfer experi-
ments at each locatiun,

These experiments are called “transfer”
experiments because they will provide the
data that will be used to show that soils of the
same family have similar management needs.

Controlled Variables

The variuables used in the first set of experi-
ments in 1975-1977 were phosphorus and
lime for the Dystrandepts and phosphorus
and potassium for the Eutrustox. These vari-
ables are associated with the soil family prop-
erties of these soils. The controlled variables
were recently changed to phosphorus and nj-
trogen because 1t was found that the Dystran-
depts do not require lime and the Eutrustox
contained adequate potassium for several
years. Also nitrogen is frequently limiting in
tropical soils.

Soil Phosphorus

The nutrient element phosphorus (P) was
judged to be an important limiting factor tw
crop yields from analysis of technical informa-
tion contained in the soil family name. (The
mineral constituents of eich soil family
determine the ability of the soils to "fix”
phosphorus [see pages 18-191].)

In the thixotropic, isothermic family of
Hydric Dystrandepts, for example, the word
“thixotropic” connotes a high capacity to
adsorb and immobilize fertilizer phosphorus.
Thixotropic soil materials possess a large
surface area per unit of weight, and each unit
area of surface has a high affinity for phos-
phorus. Phosphorus was also selected as an
experimental variable in the clayey, kaolinitic,
isohyperthermic family of Tropeptic Eutrus-
tox and the clayey, kaolinitic, isohyperthermic
family of Typic Paleudults. In both these
families, the large mineral surface area for
immobilizing phosphorus is indicated by the
family designation “clayey.” Clayey, or finely
divided, particles possess large surface areas,
and the affinity of such an extensive surface
for phosphorus is implied by the suffixes ox in
Eutrustox and #/t in Paleudu«/t. The iron and
aluminum oxides in Eutrustox and the high



doil acidity of Paleadules (uleimate soils)
contribute o immobilization ot fertilizer
phosphorus

Fig. 11 shows the range of phosphorus-
\:1:']‘.Iinll Capad fies found damong four l.'.'x[‘!L'l'i-
mental sites. Alchough the general shape
(sloped of ol four curves is similar, the curve
to the lefr has the highest phosphorus-
sorpeion capacity, while the curves to the right
have successively lower phosphorus-sorprion
capacities. The lower sorption-capacity soils
had eicher high amounts of native phosphorus
or the addition of phosphorus fertilizers in the
pust

The high capacity of Hydric Dystrandept
soils 1o sorb phosphorus means that much
Lerper applications of phosphorus are re-
quired ro achieve the porticular level of
phosphorus in solution required for maxi-

i yield (sce pages 31-38),

Soil Acidiry and Liming

Lime was seleceed as che second experimental
riable because soil aadity is an important
ause of low crop yield throughout che world.
I'he most common way to correce sotl acidity
s 10 apply lime
In soils of the temperate regions, lime is
usually apphed when a soil pH value of about
2.0 1s attained; this s the point below which
duminum (AD, which 1s toxic o plants, is
solubilized in sufficient amounts to seriously
atfect crop vield. Thus, people trained in the
ternperate regions normally recommend lime
apphication when the soil pH nears 5.5.
The Project found, however, that in the
Hydric Dystrandepts, even though the soil pH
is lower thun 5.5, because of the low amounts
of extractuble aluminum and correspondingly
ugher amounts of calcium (Ca), lime treat-
ments had no effect on yields of maize. In fact,
some experiments even showed a decrease in
yield with the highest rates of lime application
(see pages 34-38 tor details). Thus, the Proj-
cct effectively demonstrated that the existing
cxpensive practice of liming acid tropical soiis
to obtain good crop response does not neces-
sarily apply to soils of the Hydrie Dystrandept
network and this informadon can be trans-
ferred o similar soils of the Andept subgroup.,
Therefore, the Project has dropped lime as
an experimental variable as of December
1977.
Table 9 shows the relatively low amounts of
exchangeable aluminum and low aluminum

Table 9. Exchangeable calcium and aluminum of selected surface horizons
in the Hydric Dystrandept network

Extructable Exchangeable
H,0 KCI aluminum calcium

Site (pH) (pH) (meq/100 g) (meq/100 g)
Hawaii
Lol 6M 4.90 0.02 71.93
Kukaiau 6.00 5,45 << 0.01 2.53
Philippines
PUC 5.40 4.50 1.29 3.84
Palestina 4.60 4.50 1.16 h.2H
Burabod 4.80 4.40 2.10 3.54
Indonesia
ITKA 4.20 3.90 1.53 2.10
PLP 5.00 4.60 0.11 3.80
LPH 5.70 5.10 0.03 .00

4

® Typic Paleudults
@ B Tropeptic Eutrustox
et A Hydric Dystrandepts

KCl-extractable Al (0 to approximately 40-50 cm depth)

)l
®
A
1 — @
oar LG
A A
[ |
. %00 ® Ao ma
pH 4 pHS pH 6 pH 7

Fig, 12. There is a marked increase in KCI extractable aluminum as the pH
falls below 5.5, but low Al values can still occur below pH 5.0, As a general
rule, 1000 pounds of lime are needed 1o neutralize 1 meq ol toxic aluminum.
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Soil Nitrogen
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Uncontrolled Variables

Weather varnables, discase incidence, and
crop variery adapuons are not retlected in
the soil tamily names, although predictions
for coop response nead o incorporate these
Jatas theretore, weather variables are mea-
sured at cach experimental site: o addirion,
wmperature, caintall, relatve hunnidiy, solar
radiation, wind direction, and wind speed are
measured ar cach experimental site. In
addition, insectand disease incidence and crop
variety are being idendtied and rated within
cach soil feminy and compared between soil
families.

Weather

Because climate s anuncontrotled variable, it
1s essential thae significant dimadic variables
be measured atcach experimental site so that
their relationships to vield responses and
therefore ro the tansfer of sgrotechnology
are clears A and sl temperature, relatve
humidity, solar radiation, wind speed. wind
dircction, and rainfull, are monitored ar cach
sitey pan evaporation is also measured ar

selected sites.

Solar Radiation

As the most important single energy source
for plants to manufacture food through
photosynthesis, solar radiation provides an
index of the photosynthetic potential of a
given site.

In general, the Tropepuie Eutrustox (Fig,
I-1) have higher ranges of solar radiation than
the Hydric Dystrandepts (Fig. 15); therefore,
grain yields are expected t be higher overall
in the Tropeptic Eutrustox network. This is
expucted because the higher rainfall in the
Hydric Dystrandepts implies more cloud cov-
er, which intercepts incoming solar radiation
for crop growth. Solar radiation is thus being
measured at all sites.

Temperature and
Relative Humidity

Trends in crop yields ar different sites (pages
29-39) and in different soil families may be
related, i part, o differences in maximum
and minimum air temperatures (Figs. 16, 17)
and the corresponding maximum and mini-
mum relative humidity (Figs. 18, 19). On a

600
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Fig 14, The average monthly solar radiation was qenoally
tugher i the Tronepte Eutrustox than in the Hydric Dystran-
dents {eompare Fig. 15),
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Fig. 15, I+ the Hydric Dystrandepts, the average monthly solia
radiation has dipped as low as 250 cal/cin?/fday, which
indicates the crop yields may not be as good overall as in the
Tropeptic. Eutrustox,
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minimum relative humidity is generally lower than that in the
Hydric Dystrandepts {compare Fig. 19),

Fig. 17.
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19. The Hydric Dystrandepts are cool and wel soils.






'»-...v'. TGS Lt fdve t ]

b dilterentials (see pages

Absoluite vields achievied

H
1

the variery erials conduct
-|:'r_-1j:!'-|.j:‘;_'i_-[ WD

P2=10), Viariery teses with

1S5 PDOSS o ant

Pote nentl ar

Disease Incidence

1Mabede | he Hvdi

[‘i]li!i“'"".:\ and Indonest

Jowny nldew s proscnt
below) i R ' susvepuble variones
clithata ol this tronical {aron (2 | VT incidence ot rhe discuase
Philippimes and only mino
than 1 percent ) has
this s substanred i the
dhta, this will imply tha
thermic tempernre reein
to thedevelopmaent and growtd
sonthe e s ot serions
woilld be cransterable it

the sonl timil

the variery erown. A compa

PIOWT 'l.-'ll'.,':_ Cach e TR o



To date, the Project has verified that ac-
cessory soil properties implied in the soil
family taxonomic names are indeed inherent
soil fanuly characteristics, although these char-
acteristics range narrowly from site to site
within 1 family, In additon, the Project has
successfully demonstrated that these soil fam-
iy characteristics have specific inferences for
management practices (see Table 3 and pages
18-28).

The yield responses and statistical analyses
are being interpreted and evaluared; inically
they suggest that agrotechnology can be trans-
ferred among various sites on soils of the
samme families throughout the tropical world.
The results are noc conclusive, however, be-
cause additional field experimentation is re-
quired for the degree of statstical certainty
that is desired. With further testing, it is ex-
pected that the Project will confirm chat soil
muanagement systems developed onasoil fam-
ily in one region qan be transferred to the
same soil family o any other region,

The tollowing hstsummarizes the findings
to date in the test of the transfer hypothesis.

1. Sotl Properties

4. The Hydric Dyserandepts require
higher applications of phosphorus
than the Tropeptic Eutrustox
because of both the lower sorption
capacity and the relatively higher
amounts of native or residual
phosphorus in th» latter.

b. Nitrogen is generally limiting in
tropical soils and was found to be
very linuting in the two soil families
under study.

¢. Experiments demonstrated that the
Hydric Dystrandepts do not require
lime and that the Tropeptic
Eutrustox contain adequate
amounts of potassium for several
years. Lime and potassium
are no longer being used as
experimental variables.

2. Weather Variables

a. Higher grain yields were obtained
on the Tropeptic Eutrustox than
on the Hydric Dystrandepts
because of the higher solar
radiation available in the former
soil network.

b. The Tropeptic Eutrustox also
have higher average air
temperatures and lower relative
humidity than the Hvdric
Dystrandepts, resulting in more
rapid crop growth.

¢. Crops grown on Tropeptic
Eutrustox require irrigation
whereas those grown on Hydric
Dystrandepts require only
supplemental irrigation.

3. Variety and Disease Incidence

a. ‘Pioneer X304 hybrids performed
better than the other varieties
throughout the Tropeptic
Eutrustox necwork. To date, no
single best-adapted variety has
been identified for the Hydric
Dystrandept network.

b. Soybeans were found to be affected
by anthracnose in the Tropeptic
Eutrustox network but not in the
Hydric Dystrandept network; in
the Hydric Dystrandepts, but not in
the Tropeptic Eutrustox, soybeans
were affected by leaf spot, rust,
and powdery mildew.

. Maize was affected by northern
leaf spot, rust, and downy mildew
in the Hydric Dystrandepts.
Downy mildew did not occur in the
Philippines and only slight
incidence was found in Indonesia.

A summary of the results of the statistical
test of the wransfer hypothesis is found on
pages 40-43.
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STATUS OF FIELD EXPERIMENTATION

The network of experimental sites is shown in
Table 10. The details of the numbers of
experiments conducted in fiscal year 1976-
1977 are presented in Table 11.

A total of 20 maize transfer and 16 soybean
transfer experiments were completed on 9
Dystrandept sites, while a total of 6 maize

transfer and 5 soybean transfer experiments
were completed on 5 Eutrustox sites. It is
expected that the full complement of experi-
ments (2 each year on 9 sites in cach network)
will be carried out on the latter soil family in
the coming year when the network is com-
pleted.

Table 10. Soil family network of experimental sites

Reference Milestone?
Country Location abbreviation Site achieved
Hydric Dystrandepts—thixotropic, isothermic
Hawaii Niulii, lole lole Primary 5]
North Kohala, Hawaii
Kukaiau KUK Secondary 5
Honokaa, Hawaii
Niulii, Halawa HAL Secondary 5
North Kohala, Hawaii
Philippines  Philippine Union College PuUC Primary 5
Panicuason, Naga City
Palestina, Pili PAL Secondary 5
Camarines Sur
Burabod, Calabanga BUR Secondary 5
Camarines Sur
Indanesia ITKA ITKA Primary 5
Cisarua, Java
PLP PLP Secondary 5
Lembang, Java
Segunung LPH Secondary 5

Cipanas, Java

Tropeptic Eutrustox—clayey, kaolinitic, isohyperthermic

Puerto Rico Isabela
Isabela
Isabela
Brazil Parana, Jaiba
Bahia, Jaiba
Ceard, Jaiba
Hawaii Maunaloa, Molokai
Waipio, Oahu

Primary
Secondary
Secondary
Primary
Secondary
Secondary
Primary
Secondary

WO oYL

Typic Paleudults—clayey, kaolinitic, isohyperthermic

Philippines  Davao, Mindanao
Davao, Mindanao
Indonesia Lampung, Snuth Sumutra
Cameroon Barombi-Kang
Southwest Province

BPI Primary
Secondary
Primary
Primary

—_ -

Milestone: 1 = soil survey initiated; 2 = soil survey completed; 3 = agreements signed; 4 = site prepared and
staffed; 6 = experiments underway; 6 = experiments completed.



Table 11

Expariments completed through December 1977

Transfer Variety Management
Country Crop experiments experiments experiments
Hydirie Dvstrandepts

) 9 | |

bean (6] 1
i 6 | 1
soyvheans L5) 1 -
trist ) = :?
3 ) 2 4
bean 2 2
ah = 2
1! 20 4 8]
saybea 16 1 2
irish { - :_’
sargl - - 2

X

3 2 1 3

8] 1 |
4 £; |
4 2
] 1 il
5] 1 2

SUMMARY OF YIELD RESPONSES:
TRANSFER EXPERIMENTS

Hydric Dystrandept Network

The Project has effectuvely demonstrated that
phosphorus must be applied on Hydric
Dystrandepts in order to achieve reasonable
vield response of maize. Throughout the net-
work there was little or no response to higher
levels of phosphorus above the first level of
phosphorus applied. This was ateributed o
the high optimum phosphorus level estab-
lished by the phosphorus-sorption method.
Since rates of phosphorus applied vary with
the umount of native or residual phosphorus
in the soil at a specific site, alternative meth-
ads of analysis for soil phosphorus are being
studied and will be reported at a later date,
In Naga City, the Philippines, for example,
(fitize was not grown to any significant exrent
on Hlydric Dystrandepts because local farmers
were not aware thae these soils were nutri-
tonally deficient in phosphorus. The visual
towth response of maize to phosphorus in

the transfer experiments effectively demon-
strated the need for phosphorus application
on these soils—information that was obtained
through many years of research and experi-
ence in Hawaii on the Hydric Dystrandepts.
These experiments also explained why a local
practice of using chicken manure was more
cffective than commercially available urea or
ammonium sulfate-——nitrogen fertilizers that
are commonly used by local farmers (sce pages
50-51). All transfer experiments showed dra-
matic responses to phosphorus application
with yields ranging from 0 with no phos-
phorus to more than 6 tons/ha with phos-
phorus.

The maize transfer experiments in Hawaii
and Indonesia showed smaller responses to
phosphorus due to residual amounts of avail-
able phosphorus from past management. Re-
sponses in Indonesia were also very small, due

All transfer
experiments
showed dramatic
responses to
phosphorus
application.
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Fig. 20. The experiments at Halawa, Block A, in 1977 illustrate the overall
findings in the Hydric Dystrandept sites: grain yields increased as phosphorus
application increased, and there was little or no response to lime applications.

Surprisingly, no
incidence of downy
mildew was found in
the Philippines, and
less than 1 percent
of the plants were
infected in
Indonesia.

Application of lime
generally resulted in
little or no increase
in yield.

largely to the use of a variety that was unre-
sponsive to phosphorus application,

Application of lime generally resulted in
lietle or no increase in yield. In some cases, in
fact, higher applications of lime often resulted
in a decrease in grain yield (Fig. 20). Soil pH
ranged from 4.6 1o 5.6, and KCl-extractable
aluminum was generaily 1.5 meq/100 g or
less. These tropical soils are able to supply
adequate amounts of calcium to Crops, even
though the pH is relatively low.

Table 12 shows the range of yields and re-
sponses to the optimum treatment in the Hy-
dric Dystrandept network. Teble 13 shows
treatment means of all the experiments to
date.

Maize grain yield in the optimum treat-
ment ranged from 1642 kg/ha at ITKA in
Indonesia during the wet season to 10,232
kg/ha at Halawa in Hawaii during the dry
season. The very low yield at ITKA was due to
a severe wind and rainstorm that occurred
during tasseling and is not indicativ® of the

yield potential of maize on this soil family.
The maize crop at the Halawa site received
relatively higher amounts of solar radiation,
and the diurnal temperatures in the unusually
dry summer were conducive t good growth.
This yield indicates the potential for maize
production at the Hulawa site in the dry
season.

In Indonesia, grain yicld of maize varicty
‘Bastar Kuning' generally did not reflect the
imposed phosphorus or lime differentials in
the three wet-season transfer experiments
completed. The low grain yiclds were due
largely to adverse weather conditions. The
plants were healthier und waller with the high-
er applications of phosphorus and consequent-
ly were more susceptible to wind damage.
Hence, another varicety, 'Harapan'. was se-
lected for three dry-season transfer experi-
ments because of its vigor and responsiveness
to applied phosphorus.

Several attempts to plant during the Philip-
pine wet season were constrained by strong
winds and rain from typhoons Crops that
were planted showed a slower groweh patiern.
Plant height of maize CUPCA Var. 1"y at
harvest during the wet season did not exceed
1.8 meters, while planes grew as high as 3.0
meters during the dry scason. Marked re-
sponse to phosphorus was observed in all
transfer experiments with maize between
treated and untreated plots. These responses
were similar in cach of the three sites,
although ar the PUC site, responses were
larger with maize because without phos-
phorus application there was no grain yield.

Two varieties of maize known to be suscep-
tible to downy mildew, a discase that s preva-
lent on maize throughout the tropics, were
grown in the transfer experiments in Indone-
sia and the Philippines. Surprisingly, no in-
cidence of downy mildew was found in the
transfer experiments on 'UPCA Var. " in the
Philippines, and less than 1 percend of the
plants were infected in the transfer experi-
ment using "Harapan’ in Indonesia. The Proj-
ect believes the climatic environment of the
isothermic regime of the Hydric Dystrandepts
prevents the development of downy mildew;
further tests are expected to confirm this.

The yield of soybeans varied among sites;
the highest yield was achieved at the Kukaiau
site in Hawaii where yields were generally
3000 kg/ha during the dry season. Lower yields
were obtained at the PUC site in the Philip-
pines and at the lole site in Hawaii during the



Table 12, Summary of yields of partial control and optimum treatments? for all sites, Hydric Dystrandept network,
1976-1977 crop

.Fertilizer applied
(kg/ha) !i_el_c__l_ _{_!-_cghal

Increase

Site Block Season P Lime Partial control uptimum (percent)
Jwali—maize
D Wat 153 115 3587 4110 15
Al Dry 2113 600 4064 6136 Hi
D Dry 759 600 1846 3052 6h
G Wet 6518 204 4508 8122 80
A Dry 450 114 6769 7395 9
AB 753 700 4729 5629 17
Bl Dry 485 1278 8959 10,232 14
\ Wel 160 405 4458 4762 7
[ 446 803 6276 8864 a1
1qizZe

AD Dry 658 525 0 4973

1 Wet 145 1117 0 3458

2 Dry 0 0 0 3246
At Wet 115 3756 1188 3321 180
Dry 197 413 3383 5035 49

A2 Dry 0 0 1178 26985
: Dry 217 465 a76 2702 178

Indor 1—naize

Wat 283 283 2994 1642 -45h
K Dry G683 2260 6442 7853 22
A 829 829 1248 1681 35
Dry 646 151 3647 5485 50
A Wet 395 600 3259 3602 10
D Dry 865 321 3129 7434 136

Hawall—soybeans

{ We1 239 275 1266 1209 -6
- Dry 933 600 3234 3753 16
E Wet 1238 177 083 2069 13
8 Dry 652 150 3151 2855 -9
W C Dry 270 1530 2736 2955 8
f Dry 690 510 2620 2887 10

Philippines—soybeans
RLIC B Dry 558 525 379 1899 401
£1 Wet 613 368 100 1527 1427
E2 Dry K12 556 219 1303 495
Salasting B Wet 396 380 629 2049 226
B2 Dry 0 0 1166 2022 73

Indonesia—soyheans

ITEA B Wat G600 902 1598 1596 0
J Dry 894 2345 2616 3240 24
AL (¢ Dry 885 151 1148 2238 95
1k E) B Wet 1337 2259 69
C Dry 1186 286 749 2674 257

AOptimum treatment apphications of P and lime are hsted in columns 4 and 5; partial control treatment consisted of application of all nutrients
axcept P oand lime
'*:’p,”,. 1876 crop,




Table 13, Mean yields (kg/ha) of transfer experiments conducted on Hydric D
three replications)

Treatment

Coded P Coded lime Location/site

Philipipines  Maiee

1)
1]
| y 142
| t 1 131
G (W) J Al [ {
() FO 141 M
() H! ( 141431 |
l 1! |
t | i () 1y
Pacthal ccatol i) 11
G vl
' tonilinen A K
Cooanrtrid i) (IR

ystrandepts through December 1977 (average of



[TRAA ITRAK PLE-A PLP-D LPH-A LPH-D

Indonesia—Maize W 76 D77 W76 D77 W 76 D] 7/ .
{0 He] ) 8 1759 8024 2377 (480 3269 8074 |

H) B 0 1877 7900 1601 6160 3a77 (6914

[ .85 1737 7693 1991 5406 3817 7H88

A £H0.40 2561 7281 1571 6301 4276 7483
10 0,40 2102 7804 1834 H008 3467 7594 !
+0.85 2106 7643 1043 5437 3742 7227 !

1642 7853 1681 5485 3602 7434

18406 1755 1986 5080 2026 oa10

1788 7H03 21893 H338 3441 7160

1852 7484 1854 5229 3246 7521

2319 70409 1986 5139 4331 H5565H

1784 7050 1379 5113 4405 (6389

2493 7401 1716 4864 3622 5389

20064 5075 764 2841 3597 1841

H442 1248 s647 3259 3129

1940 7573 1855 5610 3671 7019

2529 6208 1006 3244 3428 2485

I0LE-C KUK:B KUK-E KUK-F HAL-C HAL-F

Hawaii—Soybeans W76 D77 W 76 D76 D76 D77
+0.85 1291 3351 2067 3392 3036 2989
( 1317 2985 2024 3466 2722 2862
-().8 1166 3414 2208 3351 3027 2843
+0.40 1417 3362 1997 3683 2794 2783
-(1.40 1620 2943 2165 3707 2749 2850
+0):85 1099 3310 2105 3618 3125 2048
1209 2855 2069 3753 2055 2887
_0.86 1259 4118 2180 3367 2856 2737
+0,40 1383 3317 1068 3676 2756 2870
0.40 1515 3096 2033 3444 2910 2719
+(),85 1371 3031 1857 3827 3090 2639
0 1273 3069 1766 3494 3139 2795
-0.85 1290 3118 16951 3686 2852 2758
i ontrol 1321 2750 1052 3334 2326 2225
irtial cordrol 1286 3151 983 3234 2736 2620
i3, 3154 2028 3574 2924 2822
Controls 1304 2051 1017 3284 2531 2422
Philippines and PUC-B  PUC-E  PUC-E PAL-B.  PAL-B.  ITKA-B ITKA-J PLP-C LPH:B © LPH-C
lndonesia—~Soyheans D76 W76 D77 W 76 D77 W 76 D77 D77 W 76 D77 |
(.85 +(),80 1814 1721 1169 2223 2235 1390 3034 2327 2029 2720 |
H1.85 0 1782 1625 1348 2009 2006 1431 3269 2144 2075 2689 !
H).85 ~(1.85 1848 1120 1461 2017 1996 1603 3298 2241 2029 2689 |
+0.40 +0).40 1708 2041 1161 2269 2071 1497 3421 2150 2257 2920
+).40 -0.40 2013 1876 1297 2119 19873 1491 3268 2533 2049 2526
0 +0.85 1657 1792 1204 2113 2008 1744 2923 2017 2304 2959 |
0 V] 1899 1527 1303 2049 2022 1596 3240 2238 2259 2674 :
0 -0.85 1748 1623 1346 2275 2127 1261 3191 2340 2236 2828 .
-0.40 +0.40 1725 1084 1326 2075 2039 1605 3203 2162 2066 2802 f
-(.40 -0.40 1663 1283 1214 2136 2014 1363 3510 2203 1882 2645
-0.85 +0.85 1701 992 1113 1818 1968 1276 2022 1912 2003 2310
-0.85 0 1860 157 1084 1629 1847 1433 2895 1501 1869 2435
-00.85 -0.85 1572 746 1097 1775 1800 1842 2027 1574 1828 2238
Caomplete control 313 183 229 589 1078 1395 2632 1249 1080 127
Partial control 379 100 219 629 1166 1598 2616 1148 1337 149
Mean yield
P treatments 1768 1446 1240 2039 2009 1502 3163 2110 2068 2649 |
Controls A ‘34({_ 142 221__ *Bg} 1‘122 ME]_:!_ : 2624 1199 I.?('J_El_ _ 738 37 l




38
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Table 14. Summary of yields of partial control and optimum treatments® for all sites, Tropeptic Eutrustox network,
1976G-1977 crop

Site

Puerto Rico—maize

Isabela, primanry

Brazil—maize

latha, prumary

Puerto Rico—soybeans

Isabela, pnin ary

laiha, primary

Season

Weol
Dry
Wet
Dry

ent apphications of P and K

Fertilizer applied

{kg,-"ha}_
P

300
171
200
234

a7
50

274
220
234
377

236

=z .

125
125
125
125

100
126

125
125
125
125

125

Yiel(_i_ _{kgr"ha_l

Partial control

8526
6337
3694

5208

1293
1668

935
1287
2421
1037

1208

10,560
8667
5806
6138

8772
4983

1024
2054
2606
1659

1811

Optimum

Increase
(percent)

24
35
H7
18

578
218

10
60

8
50

50

are listed i columns 4 and 5; partial control treatment consisted of application of all nutrients excepl

Table 15. Mean yields (kg/ha) of transfer experiments conducted on Tropeptic Eutrustox through December 1977 (aver ige

of three replications)

Soybean
Maize : " ! Jaiba,
Isabela, Puerto Rico Jaiba, Brazil Isabela, Puerto Rico Brazil
Treatment 1976 1977 1977 1976 1976
Coded P Coded K Wet Wet Dry Dry Wet Dry Wet Wet Dry Dry Wet
-().85 -(.85 9,401 5907 5874  B161 6874 5505 1375 25561 1311 15646 1574
-(0.85 +0.85 9,843 6402 G410 8257 8142 4654 734 2483 1194 1996 1705
+(),.85 -0.85 10,375 6028 5772 8004 8545 7159 918 2628 1637 1765 1589
+).85 +0.85 9,750 6114 6411 7302 1748 6360 1024 2836 1324 1833 1723
-0.40 -0.40 10,377 5967 6758 8082 7584  rog2 1132 2804 1721 1944 1708
-0.40 +0.40 11,112 6260 6364 7607 7952 5289 954 2673 1499 1742 1848
+() .40 -0.40 11,287 6259 6400 7517 7588 (533 945 2927 15679 21565 2028
+0.40 +0.40 11,441 5801 7070 6984 7714 6438 756 2804 1451 2010 1967
0 0 10,560 5806 6138 85HhH7 8772 5003 1024 2606 1660 2054 1811
-1).85 0 10,565 5501 5118 6134 6600 4943 928 2341 1399 1645 1887
+0.85 0 11,080 6365 65092 7085 7433 6434 722 2813 1637 1862 1932
0 -0).85 11,515 6414 5912 7408 6778 5177 1019 2873 1667 1626 1770
0 +0.85 11,134 6240 6605 8470 7748 6350 887 2792 1528 1927 1591
Complete control 6,530 3651 4165 4727 1141 1610 996 2867 1159 1508 1209
Partial control B,526 3694 5208 6337 1293 1624 035 2421 1037 1287 1208
Mean yield
P treatiments 10,649 6082 6225 7659 1652  H42s 9h5 2702 1500 1854 1786
Controls 7,628 3672 4686 6532 1217 2521 965 2644 1098 1398 1200
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It was found that
a generalized
equation could
predict the yield
responsg for any
of the sites . ..

This Implies that
within the range
of experimental
error there is no
evidence that

a different
response surlace
model holds for
each site,

RESULTS OF A STATISTICAL TEST OF THE

TRANSFER HYPOTHESIS

The success or failure of the Project rests
heavily upon the development and applica-
tion of a statistical test of the hypotheeis of
transferability. This is the means of showing
scientifically that soils of the same fan.ily re-
spond similarly to management.

Three statisticians mee in 1977 to discuss an
appropriate approach and to formulate a ten-
tative statistic. In concurrence with a recom-
mendation by AID's Research and Advisory
Committee, R. L. Anderson at the University
of Kentucky is conducting the theoretical
studies needed to determine the method of
prediction, to develop a valid test of the trans-
ferability hypothesis, to examine the statisti-
cal properties of the proposed test statistics,
and to apply the test procedure to Project data.

One test of the hypothesis was made using
regression techniques to predict the yield re-
sponse to phosphorus and lime at any of the
Benchmark sites included in this study. [t was
found that a generalized equation could pre-
dict the yield response for any of the sites,
provided terms reflecting the different aver-
age yields ar the sites were included. Thus, a
combined agrotechnology model describing
the response to phosphorus and lime is con-
sidered transferable among sites of the same
soil family.

Another approach to testing the hypothesis
involved the estimation of a transfer equation
from several sites and using it to predict yields
on a different site. This is ultimately what is
desired—that is, to transfer information from
one site to another of the same soil family,
This second test gave limited evidence that
agrotechnology could be transferred between
soils of the same family, but a more conclusive
test awaits more yield and site variable infor-
mation.

A detailed discussion of the statistical test of
the transfer hypothesis follows.

An initial evaluation of the hypothesis of
transferability used yield and climatic data
from the thixotropic, isothermic family of
Hydric Dystrandepts. & size grain yield data
selected for this test came from five experi-
mental sites—chree from Hawaii (KUK-A,
KUK-C, and HAL-B) and two from the Phil-

ippines (PUC-A and PAL-C). (See Table 16

for data.)

The Combined Model Approach

One approach followed in the test of the
transfer hypothesis was to caleulate a quadrat-
ic response surface equation to describe the
yield response to phosphorus and lime for
cach site using the model

Y=hotbP+b.L+bh P +h 12+ h.PL

where ¥ is the predicted maize yield (kg/ha);
by, is the "intercept,” the estimated yicld when
P and L are both zero in the coded values (this
is the center of the design): b, o be are
regression coctficients for the respective
variables: P is the coded value of the phos-
phorus differential; and £ is the coded value of
the lime differential.

It the transfer hypothesis is shown to be
acceptable, then a separate response surface
does not have to be estimated for cach site, bue
one common response surface model will suf-
fice. Thus, the regression coefficients in che
equations for the individual sites should not be
different from cach other. The null hypothesis
to be tested, therefore, was that the regression
coefficients for all sites are the same.

The F statistic for testing the null hypothe-
sis followed the general procedure of calculat-
ing (1) the response model sum of squares
(8S) firted separately for each site, and (2) the
response model SS for all sites combined.

If the sum of the separate model SS is not
much different from the combined model S8,
the null hypothesis cannot be rejected. Since
stte variables atfec yield levels, the appropri-
ate intercept value (b,) for cach site should be
included in the combined model response sur-
face equation.

When the F test was applied to data from
the five experiments, it was found that the
null hypothesis could not be rejected. This
implies that within the range of experimental
error there is no evidence that a different
response surface model holds for each site.
Thus, it follows that the combined mod-
el response surface equation with the appro-



Table 16. Grain yield of five sites used in evaluation of the transfer hypothesis

Treatment
Coded P Coded lime
-0.85 -0.856

0 -(1.85H
+0.85 -0.85H
-0.40 -(1.40
+0.40 -0.40
-0.85 0

0 0
+0.85 0
-0.40 +0.40
+0.40 +0.40
-0.85 +0.85

0 +0.85
+0.85 +0.85
Treatment
C.oded P Coded lime
-0.85 -0.85

0 -0.8H
+0.85 -0.85
-0.40 -0.40
+0.40 -0.40
-0.85 0

0 0
+0.85 0 -~
-0.40 +0.40
+0.40 +0.40
-0.85 +0.85

0 +0.85
+0.85 +0.85

Site 1: PUR-A (May 1976 planting)

Rep 1

4360
4868
4743
4107
4930
5098
H247
4372
5060
5367
5190
4300
48786

Site 4

Rep 2

4248
52 70
5370
4963
$H303
a257
5483
5433
5137
5037
5105

4657

4270

Rep 3
4750
L2228
H363
4840
4947
4110
4190
5506
4629
4742
4062
4573
6507

: Kukaiau (o4 (kUK-

Average

63
Hioo
HILY
4037
5090
4488
4973
5104
4939
5049
4818
4510
5218

C

(December 1976 planting)

K055
7788
7878
HOHE0
8H(¥H
63H3
7468
7453
6111
7060
6482
7132
7684

Rep 1

Rep 2
7076
Gu74
8411
7214
7728
7044
8036
7599
5588
8870
4908
7863
7676

Rep 3

7056
7973
8136
7050
8044
6706
8862
8130
7404
7627
7523
8438
8117

Average

GG8Y
7578
8142
6733
8092
6701
8122
7727
6398
7852
6304
7808
7826

Site 2: Palestina C (PAL-C,; o
{May 1977 plan:ing)

Rep 1

HioA)
(204
H214
501
H710
A662
521
Lnh?
S18t=
4984
4627
4992
Ha21

Site 5: Halawa B (HAL-B)
(July 1977 planting)

Rep 1

6823
8271
8225
8737
8102
8689
7881
8642
7297
7669
7010
8374
8639

Rep 2

Ay
Hihby
H18O
4950
H2M
4761
HO0Y
6H07
5101
Hha47
$H368
Hh387
A8H6

Rep 2
8793

9195
9918
8167
89457
6884
8997
8680
8083
8530
7714
8128
9339

Rep 3

4969
4964
0466
Hh710
40640
6118
4754
66-.0
6036
5530
4837
$H301
4671

Rep 3

8510
7860
8721
9847
8105
8268
9683
8378
8730
8054
7897
8652
8722

Average

40730
K74
H323
1229
H530
5180
5035
062606
5606
5320
19472
Y227

{August 1975 planting)

Rep 1

U005
[FEI]
70030
6150
6339
5745
6360
6179
4890
%723
6049
4669

Rep 2 Rep3 Average

ARG
R D1
BRI
L2500
40987
5979
6245
6532
5228
5309
6102

5277
4924
6070
7226
6883
6031
5466
65533

Site 3: Kukaiac A (KUK-A)

Hrd4
7648
617
i
%949
5217
6136
6550
6102
5662
5608
5768
5953

5917

5924

6017

Average
8042
8442
8955
8914
8388
7947
8854
8567
8037
8384
7540
8385
8900

3/
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Fig. 2?. A{thoggh the response surfaces on Hydric Dystrandepts are similar, the yield leveis of maize in Hawaii were greater than those in the Philippines. This reflects the differ-
ences in cirmauc environment. We expect a similar response surface at our sites in Indonesia or any other Hydric Dystrandept. The magnitude of the response, however, depends
on site variables.



priate infercept may be used for all five s s,
and, in this sense the response model describ-
iy the vield response of maize to phosphorus
and Hieae s transterable among sites of the
saine soni family,

The combined esamarted response surface
cquatton is the following:

Yool ool 10TP - J0TLE - SASPL

o DRI R R R S0 R R Lt

Figares in parentheses are standard errors for
the regression coefficients. The intercepts
ch o were SOOT  PUC-AD 34537 (PAL-C), 5980
CRUK-A L T8 KUK-Crand 8517 (HAL-B).

Patinated response surtaces for the Philip-
pines amd Hawaid sires oFigs 21y were caleu-
Laed cing this equation and the appropriate
mitcreepts A marked difference inyield level
berween the two countries is evident, along
with the facr that the haghest vields were at-
toned with the highest phosphorus and low-
¢<r e treaoment combination. There was a
stlar marked response o phosphorus and a
fack of response to lime in both countries.

The difterence in the height -vieldy of the
frrred surfaces ot the two countries reflects the
Jrtrerence i the intereepr. The intercept in-
regrates the offects of site variables such as
temperature, solar radiaoon, and so on. Some
of the expermments incuded in this test were
installed betore weather instruments were
completely operational, so that complete
weather data were not available for use.
A preliminary equation that included average
maximumn daily temperature near the ume of
tasseling did not do as well as the equation
with the mdividual intercepts in predicting

yields for the individual sites. These differ-
‘ences in yield potential between sites will be
described and tested more precisely when
more complete data on uncontrolled site vari-
ables ace available in the equation,

The Transfer Equation Approach

Another approach to testing the transfer
hypothesis entailed determining whether or
not a transfer function, estimated from one
series of experiments, can be used inanother
area where experiments have not been carried
out. This is really the major goal of the Bench-
mark Soils Project. To evaluate the transfer
hypothesis with the five sites used, the trans-
fer function (the combined response surface
with the temperature site variable) on four
sites was estimated and then yields were pre-
dicted for the fifch site. The theory is that if
this "new” residual S8, called the cransfer SS,
has not increased over the residual 8§ ob-
tained by a response surface esiimated from
the actual data for the fifth site, then agrotech-
nology can be transferred successfully. This
ratio of the transfer SS to the residual SS is a
newly-developed test that gave promising re-
sults for sites with values intermediate in the
range of maximum daily temperatures.

These initial tests, then, have suggested that
agrotechnology can be transferred between
soils of the same family. A conclusive test of
the transfer hypothesis awaits more yield and
site variable data as well as additional work
on the propertics of the newly-developed
statistic.

SUMMARY OF RESPONSES:

YARIETY EXPERIMENTS

Viariety experiments are conducted in con-
junction wiva the transfer experiments in or-
der to compare crop response to treatment
variables. The questions are "How do the
phosphorus and lime or potassium applica-
tions affect crop yields of the variety or culti-
var best adupted o the soil, locality, and the
treavment variables within a given network?”
and "How do factors such as the presence of
different pests and discases, local weatker con-
ditions, and other soil and climatic factors

within the range of the soil family criteria
affect the variety used?” Thus, varieties of
maize were evaluated for both their suitability
to the environment at the sites and their re-
sponsiveness to phosphorus and lime or po-
tassium. (Nitrogen has now replaced both
lime and potassium, see pages 23-24.)

In each country, the "best adapted™ variety
of maize is grown in the transfer experiments;
these varieties are recommended by local re-
search institutions, In addition, varieties used

The difference in
the height of the
fitted surfaces
... reflects the
difference in

the intercept.

In eaci) country, the
best adapted variety
of maize is grown,
these varielies are
recommended by
local research
institutions.
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Table 17. Best-adapted varieties or cultivars identified through December
1977 (wet- and dry-season trials)

Country Maize Soybeans

Hydric Dystrandepts

Hawaii 'HB10’ Hill'a
‘TK-5'a
‘Kahata'b

Philippines ‘UPCA Var. 1’ ‘Tainung 3'

Indonesia ‘H6’ ‘Shak i’

‘Harapan’ ‘Orba’

Tropeptic Eutrustox

Bravil ‘Pioneer X304 A, B, C’ 'Davies’
‘Bragg’

Puerto Rico 'Pioneer X304 A, B, C’ 'Hardee’

NOTE: These results are not conclusive; further trials will be conducted as new varieties
are bred, as Project time permits,

AWet scason only,
l’Dry season only. Based on screening trial; no format test was constructed,

in transfer experiments throughout the soil
network are included in the variety experi-
ments during both the wet and dry seasons to
determine if there is a single best-adapted
variety within each soil family network. For
comparative purposes, then, experiments on
all the varieties are necessary; where there is
doubt about the best adapted variety for a

location, some preliminary variety experi-
In Puerto Rico, mentation may also be necessary.

INTSOY made Our tests to date indicate the varieties or
recommendations. cultivars in Table 17 to be the best adapred and

most responsive to treatment variables. It ap-
pears that the "Pioneer X304 hybrids are best
adapted for use within the Eutrustox network
and that, to date, there is no single best-adap-
ted variety within the Dystrandept network.
Muize variety tests will be continued to con-
firm the performance of selected varicties for
the transfer experiments. Results will sub-
stantiate future recommendations in obtain-
ing the maximum potential of the soils net-
work for this crop in land-use planning,

In the variety trials, a split-plot design is
employed, each variety being grown with
phosphorus and lime or potassium treatments
at two levels, optimum and -0.85. With all
other controllable variables at or near opti-
mum, this provides a measure of each variety's
requirement for and capacity to respond to
applied phosphorus and lime or potassium.

Maize Trals

Four variety trials have been conducted on the
three primary sites of the Hydric Dystrandept

network, one cach in Hawaii and Indonesia
and two in the Philippines. In the Tropeptic
Eutrustox network, three variety trials were
conducted in Puerto Rico and one in Brazil.

Hydric Dystrandept Networls

In a wet season trial in Hawaii, the Hawaii
transfer hybrid "H610" outyielded all other
entries, including the Philippines transfer
cultivar 'UPCA Var. I'. 'H6" and "Harapan’
were the most promising cultivars in Indone-
sia; althovgh "Bastar Kuning' gave compar-
able yicld, it was not used in succeeding ex-
periments due to its susceptibility to wind.
Downy mildew did not occur in these experi-
ments, even though varieties susceptible to
the disease were included in the experiment.
In the Philippines, no downy mildew was ob-
served, and "UPCA Var. 1" outyielded all other
varieties for both seasons. Results are shown

in Table 18.

Tropeptic Eutrustox Networl

In Puerto Rico, hybrids ‘Pioneer X304 A, B,
and C' consistently ranked better than the
locally grown, open-pollinated varieties ('Ma-
yorabella” and 'Diente de Caballo’), which did
not respond to phosphorus application and in
which yields were lower. In Brazil, varicties
were selected from a list of recommendartions
provided by the Centro Nacional de Pesquisa
de Milho e Sorgo (CNPMS), and again the top
varieties were ‘Pioneer X304 A, B, and C.
Results are shown in Table 19.

Soybean Trials

A large number of soybean screening tests
were installed throughout the Hydric Dys-
trandept network. A trial in Brazil in the Tro-
peptic Eutrustox network used INTSOY's
standard test.

Hydric Dystrandept Networls

Taiwan variety "TK 5" outyielded all others in
Hawaii in the wet season trials; ‘Shakti’ pro-
duced higher yields in Indonesia; 1nd "Tainung
3" and 'Orba’ outyielded all others in the Phil-
ippines. Results are shown in Table 20.



rtihity treatments of phosphorus and hime thrpughout

AN Fable 190 Grain yvield (kg/hal in maize variety trials, Tropeptic Eutrustox
3 ) network, 1976

Jaiba, Brazil Isabefa, Puerto Rico

Viriety Yield Viariety Yield
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Fable 20, Summary of yields (kg/ha) of soybean varieties for fer tility treatments of phosphorus and lime throughout
the Hydric Dystrandept network

Treatment

Coded P Coded lime Varnety

Hawaii - wot season 1976-19727

Table 21, Grain yield {Kg/ha) in soybean varioty
trial, Jaiba, Brazil (planted
Nov. 25, 1976)

Varioty Yield

SOYDCOT vaney st oceureed . thrauabiont the e 1D
e twork i 1920 1807
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The information
derived will
provide
decision-makers
with alternatives
for the
agricultural
cevelopment.
planning policy
of their region
or country.

Table 22, Maize response (kg/ha) to residual phosphorus, Hydric Dystrandept network

defined for full appplication of the
current state of knowledge and
techniques for crop production.

The management and transfer experiments
now underway will help define levels 2 and 3;
a farm survey to define level 1should be begun
by the Project in 1978, It is expected that the
Project will demonstrate that management
systems implemented on one soil in one
region can be transferred to the same soil in
any other region.

Whereas the procedures for conducting the
transfer experiments must be identical at all
sites, the design of the management experi-
ments is flexible, allowing the Project to re-
spond to host-country priorities and to local
farmer needs. A philosophic framework for
the management experiments was developed
at the first annual coordination meeting of the
University of Hawaii and University of Puer-
to Rico Projects in 1976, Details of the
management research experiments are devel-
oped by cach participating country.

The management experiments deséribed
indicate the wide array of transferable infor-
mation that is being generated by the Proj-
ect. These experiments may not only have
immediate impact for the in-country small
farmer, but they may also carry greater impact
for small farmers living on similar soils in
other tropical countries.

Philippines (‘UPCA Var. 1)

Additional management experiments—
such as fertilizer placement, responses to fer
tilizer phosphorus derived from varic
sources, and others—are planned. The valu
of management experiments will be fully re
alized when the results are combined witl
soil-resource data for purposes of soil-survey
interpretation and land classification. The in
formation derived will provide decision
makers with alternatives for the agricultura
development planning policy of their regios
or country,

The soil classification and characterization
data, crop yield dara, and cimatological data
will be processed by methods of multivariate
analysis to determine the desired Land poren-
ttal, land capabilities. und transferability
informarion. Local yield duta and land-
capability informurion, where they exise, will
be included in the data base o improve the
quality of yield predictions at various levels of
the soil classification to cover afarger group of
soils than will be represented by the Beneh-
mark Soils Project neework. Where similar
soil indexes of production capabilities are
determined by analysis, the informution will
be translated directly through the soil linkage,
as afirse approximation w production targets
for these soils occurring in other tropical and
subtropical lands.

Hawaii (HAL-A) {'"H610') PUC-A PAL-A

T_rea_tment e Transfer Residual Transfer Residual Transfer Residual
Coded P Coded lime Wet 1975-1976 Dry 1977 Dry 1976 Wet 1977 Wet 1977 Dry 1977
+0.85 +0.85H h7106 7223 5218 2049 3851 2751
10.85 0 6508 7889 5104 2121 2830 2074
+0.85 -0.8H 6140 7567 H159 1987 2902 2950
+0.40 1+0.40 5857 7063 5049 2014 3878 2478
+0.40 -0.40 $728 7244 H090 2452 4148 2365

0 +0.85H 5545 6564 4510 1937 3251 2110

0 0 5529 7547 4973 1992 3321 2085

0 -0.85 6062 7236 h122 2003 3023 3200
-0.40 +0.40 5375 7904 4939 1979 2890 2329
-0.40 -0.40 5792 7320 4637 1760 3624 2731
-0.85 10.85 5018 6030 4818 1666 2917 3326
-0.8H 0 5202 6558 4488 1595 2344 2264
-0.8% -0.85 5563 6438 4623 1721 2149 2093
Commplete: cantrol 3026 804 0 1625 1653
Partial control 4729 4295 0 1810 1178
Mean yield

P treatment H741 7122 4902 1061 3164 2658

Contols 3878 2550 0 1718 1415
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The small farmer
with limited
resources can
realize relatively
large gains in yield
by applying small
amounts of nitrogen
and phosphorus.
Close planting
within rows reduced
yields markedly.
15,000
12,000]
13,000f __
12,000L, & 2400,
1,000| E, 2200}
E i0, 000} = 2000,
§ 9000 c 1800}
o 8000f % 00|
2 7000 2 1400
8_ n
6000 . 1200|
S s000f © 1000]
& 4000, B sool
] o
> 3000f ¥ 600]
2000} 400}
1000} 200}

Fig. 22. When phosphorus is applied durin
transfer experiments on soybeans was suffici

This effect of weather on yield was reflected
in similar soybean experiments in PUC-B and
PAL-B (Table 23). A third, or second residual,
planting with sorghum in former maize
(PUC-A) and soybean (PUC-B) transfer ex-
periment blocks resulted in a trend in grain
yield similar to the trend in the transfer exper-
iments. The greater grain yield in PUC-B was
due to the higher rates of phosphorus applied
to the preceding transfer experiments on soy-
beans in those fields.

Similarly, Irish potatoes were planted on a
former soybean transfer block at the LPH site
in Indonesia. The trend (Fig. 22) in tuber
yields was similar to that of soybeans. Only
small amounts of nitrogen (46 kg/ha) and
potassium (-i0 kg/ha) were applied to the
rain-fed potato crop.

Limiting Nutrients

In another type of management experiment
designed to identify limiting plant nutritional
factors, maize growth ana grainyield (Fig. 23)
showed that phosphorus and nitrogen were
the two most limiting elements at the PUC
site.

NS Scyveon
SN Aorato

-85 -BS
-85 O

-85
+85

-40
-40

-40 O
+40 -85

Treatment (coded levels)

o P A K B E _F M J N 6 H ¢ L9 —

Phosphorus (P)
Lime (CaC0j)

The severity of the yield limitation from
lack of phosphorus is indicated by the ten-fold
increase in yield with the application of 30 kg
P/ha. Yields increased markedly as nitrogen
and phosphorus were increased o the maxi-
mum tested (106 kg Nzha and 120 kg P ha,
which gave grain yields of 6000 kg/ ha. Maxi-
mum yields for this soil were notachieved, as
indicated in Fig. 23 by the increasing vicld
response curves at the highest levels of nicro-
gen and phosphorus. Information provided by
this experiment suggests that the small farm-
er with limited resources can realize refat ively
large gains in yield by applying small amounts
of nitrogen and phosphorus.

Nurrient Source

A commonly available source of fertilizer con-
taining a sufficient supply of nitrogen and
phosphorus is chicken manure. A maize ex-
periment (Table 24) comparing inurganic
nitrogen and phosphorus fertilizer with chick-
en manure: showed that yields from applica-
tion of chicken manure were comparable with
those from application of low amounts of
nitrogen and phosphorus fertilizer. This sim-

0 +40
+85 -40

+40
+40

+85 485
-85 0

+.85
+.85

g one year, its effects fast for several more years, Residual phosphorus from previous
ent for high yield of potatoes the next year at LPH in Indonesia,



ple demonstration convineed the Philippine 6500
I Inion Collepe PLI{ I, Owner of [E]L’ I'!I'Illii.lfl.\'
e, to plane ahout 7 haof corn using chicken

. 6000
manure obrained trom the college poultry
tarm to raise feed for the chickens. Maize is
pencrally not grown in the area because of 5500
very poor yields withour phosphorus fertlizer,
5000
...5'.‘\-\

Solar Radiation and
“lant Density

Muaize grain yield in che Tropepric Eutrustox: 5 350
H g
ctwork iy generally greater chan that ob- &
1 1 1 o
the Hydric Dystrandept network =
s Tl
the 1sohyperthermic remperature '
i ; : iz
¢ i the former and che isothermic re- ©
1 . + >
n the later (the isohyperthermic re- c 250 :
':.Ii‘-l!r_w the ,1\.:1:.;3‘!511‘_. ot more direct § |
: e o ;
nlight, see pages 25-2 !
Lo determine the optimum pranting den- |
f for the most efficient utilization |
[}
ming solur radianon in the Tropeptic < |
o J |
stox nerwork, a4 pline population and :
experiment with maize was designed {
; : | s {
planted in Jaiba, Brazil, Maize grain yields 00 i
SRl i
re tound to be highest with plant popula- ]
trons o AU000 o 60,000 ;\f.mr\ ha with row s
Il - - . By £
, 1ies of 30 and 75 em (Eig. 24 Close 500 t
nung within rows, however, resulted in i
rowding, which reduced yields markedly in < §
ety Cateto Colombia’ and less markedly in N O 0 40 40 40 B0 160 40 B0 160 40 B8O 160 160 160 i
ety Pirando . In fact, ‘Pirando” appears to PO 2 0 30 30 30 30 60 60 €0 120 [0 20 120 120 §
: . , ; : £ O 100 10O 100 K00 100 100 100 100 100 100 100 100 100 O i
rive s high plane population with close Ui O sl O TR S e R e M e e el }
¥
meing except at the cosest plane spacing, Treatment (kg /ha) '
i
Fig. 25, The variables that affect yield the most are nitrogen and phosphorus; |
lime and potassium did not contribute (1o qreater crop growth i these g
" I 1}
cxperiments at PUC in the Philippines, !
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Table 24. Sources of phosphorus, maize management

experiment, PUC site, 1976

Mean grain

Treatment yield (kg/ha)

Inarganic (~

Organic (tons fresh weight)

Hitw

Plant

ZDICING (¢

KICING L&

Population

\pkants hariest)




Effective
agroproduclion
technology transfer
hit ges on the
international
adoplion ol a
standard soil
classification
system.

All these workshops
are concernec with
the application of
Soil Taxonomy lo
tropical solls.
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The ulilization of
concepls developed
by BSF is being
initiated in both
Indonesia and the
Philippines.

Indonesia already
knows the farming
praclices used in the
Andepl soils in Java
cannot be
transferred to the
Ultisol soils in
Sumatra.
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Iheolopin Keouruan Advent (ITKA), Cisarua.
he committee had o chance o
| view the actual performance of both maize
ind soybean crops: The members agreed that
experimental rindings obrained chus far will
204 long way in creating a positive impact on
bee docal smadl tarmers and decision-makers,
| isure d correhition of the Indonesia soil
tication system 1o 8o/ Taxonomy and
¢continminge use ot Nodf '1',:.\.".1."-)?.-'.: o inter-
[ soil surveys ot yndonesia, SR has ordered
conpies ot Son 'g’.¢_\--J.'-r-rJ.'_; for distribucion to
cies and institutons involved in agricul-

I research and development
dition, the Bureau of Soils in the Phil-
ppines has made plans to utilize the concepts
i the Benchmark Sotls Project to make rec-
cians on land uctlization and man-
to the national government. Cur-
sotl surveys are being conducted
hout the Philippines. Key and exten-
s will be identitied prior to implemen-

ot field I'L"'L'.il'(i'\ .EL’Ti\'iIrL'S.

S0il Data Bank

v extend rhe concept of transterence of agro-
cchnology cn the basis of the soil family in
il Taxonomy to other potential users, the
Benchmark Soils Project, in assaciation with
the Consor iuin on Soils of the Tropics (CST)
and the Hawaii Agricultural Experiment Sta-

Hunk o include soils of experimental loca-
s in the rropics.
The Benchmark Soil Data Bank is a compu-
Jzed system of data storage and retrieval
that can be used to perform standard statisti-
doanalysis for interpreting soils data for dif-
terent uses. Soil descriptions are stored either
15 a text orina coded form, and chemical and
physical data are stored as numbers. These

data, as well as derived or calculated data, can
all be easily and quickly retrieved,

To date, nearly 20 insticutions and organi-
zations have submitted a number of soil pro-
files with soil descriptions for characteriza-
ton and classificacion by Project analytical
Liboratory personnel. In addition, several or-
ganizations have furnished laboratory data
and soil descriptions for inclusion in the Soil
Dara Bank.

One of the objectives of the Project is to be
a 'storage house™ of soils and soil-related data
of the important agricultural research sta-
tions of the tropics. The Project, furthermore,
will furnish the participants the soil classifica-
tion names, according to Soil Taxonomy. of
their soils. The data will be reproduced in a
standard format similar to that in che Soil
Survey Investigation Reports published by
the Soil Conservation Service, USDA. The
information can then be used for soil inter-
pretations for agricultural or nonagricultural
USCS.

The Data Bank can serve as a focal pointin
establishing an effective network of research
stations throughout the tropics For the first
tume, this allows participants—scientists or
planners—rto share and exchange data of
mutual interest.

PCARR, the Bureau of Soils, and the Soil
Science Society of the Philippines are plan-
ning a three-day national conference-work-
shop on "Soil Resources Inventory for Coun-
tryside Development™ for January 18-21,
1978 in Manila. A major component of the
workshop is the use of Soi/ Taxonomy in de-
velopment planning. Group sessions will
identify the need for soil resources inventory
for farmers, researchers, and planners, and
proposals will be sought for soil resources
inventory programs to support development
planning. Thi: activity, as well as Indonesia’s
own soil management experiments, utilizes
the concepts of the Benchmark Soils Project.

DISSEMINATING PROJECT INFORMATION

FOR UTILIZATION

Conticts with the tropical world and the in-
ternetional agricultural community were es-
tablished through the sponsorship of training

ton (HAES), has expanded their Soil Dara

programs, workshops, and coordination meet-
ings; attendance at international workshops
and conferences relevant to Project concepts

The Data Bank can
serve as a focal
point in establishing
an effective network
of research stations
throughout the
tropics.
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Training Programs

Two traming courses were held ar Los Bafios
the Philippines, from May 9 to June 4, 197

under the auspices of the 21 1Hid) grant of
Cornell University, the Benchmuark Soils Proj-
et of the University of Hawaii, the Philip-
pine Counal for Apriculiure and Resources
Research t PCARR L the Southeast Astn Re
gional Center tor Graduare Study and R

scarch i Agriculture (SEARCA ), the Univer
siy of the Philippines ar Los Bafios, the Bo
reat of Soils of the Philippines, and the Unired
States Agency tor Internauonal Development
AlD 0 The course on “Soil Resources pro
vided mtensive cramimg inosonl classificiton
and sotl survey tor assessing sorl resources:
the course on “Uulizaoon of Agrotechnology
Franster tor Country Development”™ pro
vided ntensive trining in the use of soil

chissthication and bield expermmentation tor

sotl survey imite rpretation and agrorechnoloe

teanster Boch courses combimed lecrures and
work sessions with field trips. Instructors were
from the Umiversity of the Philippines ar Los
Banios, Cornell Unpversiey, the University ot
Flawan, SEARCA, the Internanonal Rice Re

sedrch Tostitute C(IRRD, and FAO UNDP
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The . partctpants came from Braal, Indo-
nesta, Malaysti, the Philippines, Thailand, and
Pucrto Rico, The University of Hawin pro
vided funds tor attendance by six partcipunts
cach from the Philippines and Indonesta; the
University ol Puerto Rico supported one cach
from Puerto Rico and Brazil PCARR sup

ported several parncipants from the Philip

proes and F‘Ju'.rfru‘. funds Lo \.;Jl'[-’ill\ 1l
field coip rransportacion. SEARCA provided
i'{'..'l'\!ll_.lui sUPPOrt dnd assistiance imn obtaining
dormitory factlities and classrooms and 1n
accountng of expenditures. Nine copies ol
atl Taxanony were used by the Benchmuark
Soils Project y feleLence eachmsg maternls
At the completion ol the course, these copies
were distributed to the College of Agriculiure
and the Department of Soils Science at thi
University ot the Philippines at Los Baf

Central Luzon State University; the College ot

..‘u'.'ll.'.'i'i.I:l Wi the |}l'i'|'-l'.'!.LI'.-' ab o '.

Mindianao State University, Visovas State Col

lege of L PCARR: the Burcau of
Plint Industey: and the Navonal lerreatios
Authority

H TR ST

tuaents tram the Philig

pines, Peru, Laberiy, and the United States

are currenthy mvolved i programs related to
virious acnvities assegnted wich the Project
Supporting agencies include the Benchmark

Sotls Project, the Naronal Science Founda

the East-West Cenrter, ALD, and the

}

ronn,

Internatonal Potto Center (CHP, Grraduare

students have kev roles in daca collectoon, or

ganization, and analysis: In the Project exten

sion, funds were allocated w support two grad

uate students per cooperating counery
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Conferences and Workshops

Workshop on Experimental
Design

The "Workshop on Experimental Designs for
Predicting Crop Productivity with Environ-
mental and Economic Inpues™ was held ac the
Universioy of Hawaii in May 1974 and at-
tended by 38 parvcipanes from the Uniced
states and abroad in che fields of agricultural
ceanomics, statstics, sotl science, and agricul-
tural rescarch in tropical countries. Four-
teen papers were presented. This inical work-
shup by the Benchmuark Soils Project was
devored o the discussion of the research meth-
odolegy and the experiment designs to be
empaoved by the two Projects. Position pa-
pers by the Universiries of Hawait and Puerto
Rico provided the framework for discussion
ot vartous aspects of the approach and design
of the experiments o be implemented.

ICRISAT Seminar

A seminar entitled "The Uses of Soil Survey
ond Classitication in Planning and Implement-
myg Agricaleural Development in the Trop-
v was held at Hyderabad, India, under the
suspices of the International Crops Research
Institute for the Semi-Arid Tropics (JICRISAT)
in January 1976, Contributions to the seminar
were compiled and gathered under the citle
Sotl Revource Data for duricudtural Develop-
ment, edited by L1, Swindale, to be published
by the Hawaii Agricultural Experiment Sra-
tion with funding by AID as a hardcover book.

Fertilizer INPUTS Project Meeting

The Benchmark Soils Project was invited to
participate in the "Review Mecting of the
Fertilizer INPUTS Project” sponsored by the
East-West Center in Honolulu in 1976, Partic-
ipunts representing Africa, Asia, and Pacific
busin countries agreed that the soil family
concept would be an appropricte means of
extending information from the INPUTS
project to other locations as well a. among
covperators within the project. Adoprion of
this concept will provide a basis for future
comparison of results. Several participunts
provided soil characterization and classifica.-
tion data for use in classifying their soils at the
family category of Soil Tuxonomy. The in-

formation provided was combined with those
obtained from participants of the ICRISAT
seminar and placed in the Soil Data Bank for
storage, retrieval, and dissemination.

South Pacific Regional Meeting

At the request of AID, L.D. Swindale of the
Benchmark Soils Project participated in the
“Regional Technical Meeting on Soil Science
and Land Use” in Suva, Fijiin 1976. Particular
interest was expressed by the Fiji government
in the concepts of the Benchmark Soils Proj-
ect, and members of the meeting agreed thac
governments with important soils in the soil
families covered by the Benchmark Soils Proj-
ect should consider taking part in the pro-
gram to driw from the wide range of knowl-
edge now becoming available from other parts
of the world, and that the concept of a region-
al Benchmark Soils Project on soils important

to the region should be accepted as the basis

for a follow-up soils- and land-use program,
Governments should be requested to support
this work.

CLAMATROPS Conference

F.H. Beinroth, H. Ikawa, and L.D. Swindale
artended che CLAMATROPS conference in
Kuala Lumpur. Malaysia, Auguse 15-20, 1977,
The conference, organized by the Malaysian
Society of Soil Science, allowed scientists from
tropical areas to participate in discussions on
the classification and management of tropical
soils. Swindale presented a paper entitled “The
Benchmaurk Soils Project—An Innovative Ap-
proach to Agrotechnology Transfer,” coau-
thored by Swindale, J.A. Silva, and Beinroth.

Hilly Land Development
Worlsshop

A A. Briones and B.G. Cagauan, Jr., partici-
pated in the International Workshop on Hilly
Land Development held in Legaspi City, the
Philippines, August 3-6, 1977, and presented
a paper entitled "The Soil Family as a Basis
for Extension of Agrotechnology in Hilly
Lands.” This workshop was attended by dele-
gates from Korea, Indonesia, Malaysia, Tai-
wan, Thailand, Hawaii, and the Philippines.
During the three-day workshop, participants

The Fiji government
expressed particular
interest in the
concepts of the
Benchmark Soils
Project.

Participants agreed
that the soil family
concept would be
an appropriate
means of extending
information to other
locations.
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The problems of
hilly land
development

closely parallel the
research activities on
upland solls by the
Benchmark Solls
Project.

A common
knowledge base is
essential for
effaclive
communications
and agrotechnology
transfer.

proposed varicus research programs to study
the problems of hilly land development, which
closely parallels che research activities on up-
land soils by the Benchmark Soils Project. Fif-
teen delegates visited the Benchmark Project
site at Naga City and were briefed on Project
methodology and its implications for hilly
land development.

Brazil Soil Classification Meeting

Benchmark Soils Project personnel H. Ikawa
and G. Uehara participated in an internation-
al soil classification workshop in Brazil in
June 1977 to examine Soi/ Taxonomy as it
relates to soils of the tropics. The workshop
was cosponsored by the University of Puerto
Rico, AID, and Servicio Nacional de Levan-
tamento e Conservacao de Solos (SNLCS) of
EMBRAPA (Brazil) and attended by 64 soil
scientists from Africa, Asia, Oceania, North
America, and South America. The workshop
was a major success because all participants
agreed to use the language of Soil Tuxonomy.
The workshop clearly demonstrated that a
common knowledge base is essential for effec-
tive communications and agrotechnology
transfer. For this reason, the Benchmark Soils
Project supports the concept of a single inter-
national soil classification system.

Annual Coordination Meetings

Two Project coordination meetings have been
held: one at the University of Puerto Rico,
Mayaguez, August 17-20, 1976, and the other
at the Philippine Village Hotel, Manila, the
Philippines, August 9-13, 1977. These meet-
ings provided the opportunity for Project
personnel to report progress and discuss prob-
lems of preceding years and to develop im-
proved methodologies and approaches for ex-
periments. In addition to Project personnel,
representatives from FAQO/UNDP, the Uni-
versity of the Philippines at Los Bafios,
SEARCA, the Philippines Nationa) Economic
Development Authority (NEDA), the Philip-
pine Bureau of Soils, ICRISAT, the Interna-
tional Institute of Tropical Agriculture
(IITA), and AID Manila and Washington and
the Research Advisory Committee attended
the meetings in the Philippines.

Publications

Quarierly Report

The Benchmark Soils Project Quarterly was
firse printed in March 1977 to disseminate
‘nformation on Project activities and on the
progress of Project planning to in-country
cooperating government agencies and institu-
tions, local AID missions and other interested
parties. Combining contributions from Proj-
ect personnel in Brazil, Hawaii, Indonesia, the
Philippines, and Puerto Rico, the quarterly is
produced and printed by Hawaii Project per-
sonnel for worldwide dis :ribution.

The Benchmark Newsletter in the Philip-
pines has been temporarily discontinued due
to the workload of Project activities at both
Naga City and Davao. A newsletter written in
Indonesian is being planned for distribution
in that country.

Soil-Resource Data for
Agricultural Development

The book entitled Soil-Resource Data for
Agricultural Development is expected tobe in
print by August 1978. This book is the end-
product of the seminar on the "Uses of Soil
Survey and Classification in Planning and Im-

plementing Agricultural Development in the

Tropics™ held in Hyderabad, India in 1976.

Proceedings on the Workshop
on Experimental Design

The proceedings of the workshop on experi-
mental de<ign held in Honolulu in 1974 are
undergoing final editing and should be avail-
able for distribution in late 1978. Delays in
publishing the results of the workshop were
due primarily to the transcribing and editing
of the discussion sessions, which were subse-
quently deleted. The significant and salient
points of the discussion sessions were report-
ed in a "Report of the Workshop on Experi-
mental Designs for Predicting Crop Produc-
tivity with Environmental and Economics
Inputs™ by J. A. Silva and F.H. Beinroth (Ha-
waii Agr. Exp. Sta. Dept. Paper 26).



LINKAGES WITH COOPERATING AGENCIES
AND ORGANIZATIONS

Ofticial and unofficial linkages are considered
an eosential element of the Benchmark Soils
Pil';l’il
tucts were established with numerous institu-
tions and individuals in LDC's and 1n che U.S.
Fhese have already been mentioned in the
previous section on the network of experi-
ment sites (see pages 14-17). The following

reports of collaborative linkages.

In the course of site seleccion, con-

Jdre status

Inrernational Insriture of Tropical
Agriculture (IITA)

A memorandum of agreement between the
Benchmark Soils Project, University of Ha-
watl, and the International Institute of Tropi-
cal Agriculture (HITA), Nigeria, was approved
by both parues in March 1977, William K.
Gamble, Director of IITA, agreed to have
Frank Moormann, Pedologist, and A.R. Juo,
Soil Chemist, assist the Benchmark Soils Proj-
ect in locating suitable sites on a family of
Ultisols in Cameroon. Joseph M. Menyonga,
Chiet of the Institute of Agricultural and For-
estry Research in Ekona, Cameroon, was con-
sulted by both parties before signing the agree-
ment. Moormann also enlisted the services of
G.Wo van Barneveld, Manager of the FAO
Soi! Science Project in Ekona, to assist in
conducting a reconnaissance soil survey for
possible experimental sites. Soils in the area
near Barombi-Kang in the Cameroons have
peen tentatively classified as clayey, kaolin-
itic isohyperthermic Typic Paleudults. The
mineralogy of the control section was con-
firmed by X-ray analysis from samples sent to
Hawaii. Site selection will commence ip early
1978. A new agreement with 1ITA to assist in
the implementation of site establishment and
to allow B.T. Kang to serve as a resource
agronomist was initiated in June 1977, Kang
was invited to attend the second annual coor-
dination meeting in the Philippines to discuss
preliminary negotiations of the agreement
and to review the agronomic activities of the
Project.

Empresa de Pesquisa
Agropecudria de Minas
Gerais (EPAMIG)

EPAMIG is the Project’s principal cooperator
in Brazil. In coordination with the national
rescarch institutions, EMBRAPA, EPAMIG
is responsible for all aspects of agricultural
research in the state of Minas Gerais. The
president of EPAMIG, H. Mattana Saturnino,
fully concurs with the principles and approach
of the Project and realizes the potential bene-
fits for the agricultural development of the
state of Minas Gerais. Saturnino was person-
ally involved in initial negotiations between
EPAMIG and the University of Puerto Rico.
The adminiscration and staff of EPAMIG have
given the Project excellent cooperation.

Empresa Brasileira de Pesquisa
Agropecudria (EMBRAPA)

The Project has established very effective
working relationships with the Servicio Na-
cional de Levantamento e Conservacao de So-
los (SNLCS) of EMBRAPA. SNLCS has
expressed interest in getting more directly in-
volved in the Project, and informal contacts
are maintained with the EMBRAPA adminis-
tration in Brasilia.

International Soybean Program
(INTSOY)

Since soybeans were used as an indicator crop
in the early experiments, viable linkages were
developed with UPR's AID 211(d) soybean
grant and the AID-sponsored INTSOY pro-
gram. Superior working relationships exist
between INTSOY's plant breeder stationed in
Puerto Rico, E.H. Paschal II, which resulted
in joint field research of mutual bencefit.

East-West Center

The Benchmark Soils Project has continued to
provide information and assistance to the
INPUTS (Increasing Productivity Uader
Tight Supplies) program of the East-West
Center in Honolulu. To avoid site-specific re-

The administration
and staff of EPAMIG
have given the
Project excellent
cooperation. Viable
linkages were
developed with the
AID 211d and
INTSOY programs.

59




The Benchmark
Solls Project has
agreed to assist in
soll classification.

It will be c stermin=d
which systems of
soll classification
are used in tropical
countries and how
they relate to the
Soil Taxonomy.

search, project investigators recommended to
Saleem Ahmed, Research Associate responsi-
ble for INPUTS, to have all cooperators clas-
sify their soils so that experimental results
obtained can be compared with or utilized at
other locations with similar soils. The Bench-
mark Soils Project has agreed to assist in the
classification of these soils. Soils and plant
data from key experiment stations of some of
these tropical countries may be added to the
Benchmark Soil Data Bank.

Hawaii NifTAL Program

A collaborative experiment between the
Benchmark Soils Project and the NifTAL
project (ta-C-1207, Nitrogen Fixation by
Tropical Legumes) at the University of
Hawaii was installed at the lole primary site
in September 1977. The experiment seeks to
obtain a field evaluation of the relative
effectiveness of selected Rhizobium strains in
comparison with (1) a standard strain; (2)
application of nitrogen (urea); and (3) an
uninoculated control. The test crop was the
soybean cultivar Jupiter’, which was used in
the transfer experiments at each of the Hawaij
sites.

Consortium on Soils of the
Tropics (CST)

The Project is closely linked to and comple-
mented by the 211(d) grant AlD/csd-2857
entitled "Classification and Microbiology of
Tropical Soils.” Under this grant. efforts are
made to identify and evaluate the advantages
and deficiencies of Soil Taxonomy relative to
tropical soils. This state-of-the-art study is
carried out with assistance from the sister
universities comprised in the Consortium on
Soils of the Tropics (CST). It will also be
determined which systems of soil classifica-
tion are currently used in the tropical coun-
tries and how these systems relate to Soif
Taxonomy. It is anticipated that the grant will
create a keener awareness of the advantageous
actributes of Soil Tuxonomy among LDC soil
scicatists. This awareness should expedite the
utilization of project results in nonparticipat-

ing LDCs.

Missions

Brazil. Effective rapport has been devel-
oped with the AID Mission in Brasilia. Al-

though under no obligation to do so, the
Mission provided the Project with valuable
cooperation and support, which greatly facili-
tated Project implementation in Brazil.

Indonesia. Project linkage with the AID
Mission in Indonesia is through a formal Im-
plementation Agreement signed in April
1976 between AID, SK., and the University
of Hawalii, covered under the AID Assist-
ance to Agriculture Project No. 497-11-110-
189. W.C. Tappan of AID/Jakarta, the con-
tact man, was always in constant coordination
with Project activities. He has been responsi-
ble for making the necessary arrangements
for tax-free entry of Project supplies and
equipment to Indonesia.

Philippines. The AID Mission in the Phil-
ippines facilitated clearances for travel of proj-
ect personnel by Lane Holdcroft, Assistant
Director for Agricultural Development, and
William McCluskey, Agriculture Advisor,
working closely with PCARR. In Naga, Don
Wadley, Assistant Director for Rural Devel-
opment, has been in close contact wich the
Project and has had the opportunity to geta
field tour and orientation of the primary site.
Occasional urrangements for transportation
have been made by him for Project guests who
visit the Naga operations.

Other Countries. Linkages with local AID
Missions or offices will be established as the
Project moves along to establish other sites.
The AID office tor regional development at
Yaounde, Cameroon will be contacted for
assistance once tae plans for Project establish-
ment are finalized.

Other Linkages

Informal linkages further exist with the
International Center for Maize and Wheat
Improvement (CIMMYT), FAO of the United
Nations, the Office de la Recherche Scienti-
fique et Technique Outre-Mer (ORSTOM),
the Soil Conservation Service of the USDA,
and the University of Ghent, Belgium.
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Anoverview of the organization of the Benchmark Soils Project is shown in Fig. 25.
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On the cover: Soi! classification is the first step in applying the principles of
the Benchmark Soils Project and in transferring agrotechnology throughout
the tropics. Soil pits were dug at Cibodas, Indonesia, and the soil was
classified as the thixotropic, isothermic famity of Hydric Dystrandepts.

Cooperating agencies include:
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