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Benchmark Soils Project
 
Progress Report 1
 

ERRATA
 

p. 3. 	 Photo caption: At 
Lembang, Indonesia .....
 

p. 	 7. lHydric Dystrandepts, column 1.
 
Delete exchangeable calcium.
 

p. 28. 	 Photo caption: below photo is incorrect: 
downy mildew is more prevalent in the warm 
humid climate of the tropical lowlands of 
the Typic Paleudults. 

p. 51. 	 Figure caption: second to last column should 
be 50 kg K/ha. 

p. 55. 	 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 Activity 1. Soils Network 
tropics have been identified. Detailed soil sur- Initial phase 
veys have been conducted in 15 countries, and Site 1975 1976 1977 
a network of 3 soil families located in 5 coun- . . . .-­
tries and on 17 experimental sites has been Hydric

Dystrandep tr
established (see pages 14-21). Hawaii s-- r 

Potential The focus of the Project can Philippines s 

shift toward gatb-ring and disseminating Inoonesia 
soil and crop data through the Soil and Crop Tropep tic 
Data Bank. Eutrustox 

Hawaii s 
Puerto Rico s-A-c 
Brazil s--- c 

Typic PaleudultsPhilippines 

Indonesia 
Cameroon 

s Survey potential experimental sites.
 
A Negotiate and sign long-term agr.on ents
 
c Staff, equip, and prepare sites for ex p, ierrnts.
 

M Where we are now.
 
See pages 14-21 for complete story.
 

2. Establish, install, complete, and analyze 
transfer experiments 

A total of 47 transfer (soil fertility) experi- Activity 2. Transfer Experiments 
ments on 2 soil families has been conducted Initial phase 
to generate data. First approximation results Site 1975 1976 1977 
of a statistical test on the Hydric Dystrandepts Hydric 
have been released (see pages 40-43), which Dystrandepts 
suggest that the hypothesis of agrotechnol- Hawaii s -A- ----­
ogy transfer from one location to another on Philippines A-i -­

the basis of the soil family is very likely to Indonesia s-A 

be accepted and that crop response can be Tropep tic 
predicted. Eutrustox 

Hawaii 
Potential First approximations will be Puerto Rico s-A- -A-­

completed on the Tropeptic Eutrustox and Brazil 
Typic Paleudults; second and third approxi- Typic Paleudults 
mations on each family will also be completed. Philippines 
The hypothesis is expected to be confirmed, Indonesia s-

Cameroon . 

S Set up sites. 
Z\ Conduct experiments and collect data (wet ,and dry 

season, each yearl.
®D [est hypothesis across the network, 1stapproxnila 

tion. 
0 Test hypothesis across the network, 'rdio ,Ipproxim 

tion. 
® Test hypothesis across the notwork, 3id ,anpptoxma­

tion. 

M Where we ate now.
 
See pages 30-39 for complete story.
 4 



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

r(i p %ar I trLnI .1 toll, of I ; cxperiicnsilts Activity 3. Crop Variety and Soi! Management
 
to identifo, thc Hnaizv Jd ;nibean va riet1s Experiments
 

tha are 1:st Idaptj t' ,t l,)caMiv ha\VU been Initial phase
 
instaI d and a IndCUrI \' ad 0i1 all SitCs kf t1iL Site 1975 1976 1977
 

H-~i I )'.st randcpts ,anlt sit.s o f
'.dri i several 
i)) rI.t " (I( Hydric S . .- s­

11C' Dystrandeots
 
N 1 VIIIL'I It trials . t I , experi t S.
taltOf e Havii. 
.it cCi Molic levi-ls hir fta rcr inputs hav\', Philni)1hes 
bCCn illnStaICled and are underway lsee pages Indonesia 
+7+ 5 21. Tropep tic 

Potenti al Variables of the transfer Eutrustox
 
xIpertm.'nlts Will be \'Ialuated It levels useful Hawaii
 

to the small farmers. Levels of in-country Pie:to Rico
 
s­management practices will be surveyed and 

ident ifitd On stills similar t,) those (if the soil Typic Paleudults 
familh network. Overall coordination of soil Ph'i';)) lo"; 

Ifidonesia-,Urvev, slil Interpret.tion. and land classifica- -Cdo• OCam eroon 

1I011 Vill .mssist planters in less dcVeloped -------------- --­

ci lft r ics by pr Vidi ng a Itern, i x'es tf land use S Di!sign ex eriments. 
Conduct experiments arid collect data (wet and dry 

foir ciuntry development. After first approx- se.dson, each year).
atiin recommlend.ations are formulated, Formulate recommendations, 1st approximation.

(Z Foromulate recommendations, 2nd approximation. 
tr insference levels of *grl)Liech nolog can be 1 Formulate recuormendatioris, 3rd approximation. 

identified for use by national planning M ".7he" v, are now. 

aiencies for in-country agricultural develop- St., ;.)iqps 43-52 for complete story. 

lleilt prograls. 

4.Analyze information for soil interpretation and 
land classification 

As a result of the Project, tile value of Soil Activity 4. Soil interpretation and Land 
"i/on'om),( ' is becoming increasingly evident to Classification 
host countries (see pages 53-55). The Soil initial phase 
Research Institute of Indonesia has ordered 50 Site 1975 1976 1977 
additional copies of the book for distribution .......--- ._.... - ___.. 

ti scientists and planners and has conducted a Hwi S 

vorkshop to promte tile system's use. The Indonesia 
soils of 9 proposed anid existing experimental Cameroon 
sites on key soils of Sumatra are being classi- Puerto Rico s 
fied according to the Soil Taxonomy system. Brazil 

Potential There are strong indications ,, Analyze and interpret transfer arid mnanagemerl 

that tile pattern of host-country initiative will expfrirnerilsi.
nuwthtile eprnsin h Start survey of fartner mianagernent practices.

cintinIu tile expari of the soils Corriplete suirvey of farmer rrlarlarerneni practices. 

network and the Soil and Crop Data Bank. i Where we ar now. 
The adoption of Soil Taxonomy as the basis Seep 53-55 for corrip!te story. 
for soil interpretation aid land dassification 
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 
coLuntries. 5 



------

5. Disseminate principles, concepts, and results
 
The Project has entered into cooperative 
agreements with 8 agencies or institutions and 
established linlkages with 3 international agri-
cultural research centers. Awareness of Project 
goals has been disseminated through training

goalsshopsprograms, 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 fortp gaofdthevnternaalo entrsah fsothe 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 Soil 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, there are certain limit-
ing factors affecting good crop yields. These 

Within 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
 
f!,1tia1 phase
 

1974 1975 1976 1977
 

Seminars and work- sl c1 s29­
held
Training courses 

held 
Graduate students s---s 

trained 
Publications s-s s-s-s-s 

produced 

Started (planned workshops and training courses;began selecting students; began publication of work. 
shops and training courses). 

c Completed (held workshops and training courses;student selection completed; publications produced). 

U 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 ispro­
vided in the Results section, pages 29-39. 



Hydric Dysrrandepts 

Contain high amounts of Yield responses to maize Much larger applications of
 
amorphous materials that fix observed at the sites in Hawaii, phosphorus are necessary than
 
high amounts of phosphorus the Philippines, and Indonesia on the Tropeptic Eutrustox
 
Frequently deficient showed a similar pattern: all
 
in phosphorus. responded to application of
 

fertilizer phosphorus in
 
varying degrees.
 

Hii.c iolativeiy low Percenlage Lime treatments generally had no The existing expensive practice
 
0*aluminum saturation between effect on yield: even though the of liming acid tropical soils to
 
pH 5 0 arid 5.5 soil pH was lower than 5.5. In obtain good crop responsedoes
 

fact. some experiments even not necessarily apply to
 
exctangeable calcium, showed adecrease in yield with Hydr;c Dystrandepts.


highest rates of lime application.
 

'lave Wet climate and low Only minor incidence of downy Downy-mildew-resistant varieties
 
femperatures (uniformly cool mildew (which requires warm. may not need to be used because
 
and moist), moist conditions) occurred in the isothermic temperature
 

Indonesia and none occurred regime may retard the
 
in the Philippines, even though development of this disease.
 
downy mildew is a serious
 
disease in these countries.
 

Tropepric Eutrustox 

Contain iron and aluminum oxides. Maize and soybean responded to Phosphorus must be added, but
 
which fix phosphorus phosphorus application in in lower amounts than for the
 

Puerto Rico and Brazil. Hydric Dystrandepts.
 

Are enriched with bases. Maize ano soybeans did not Adding potassium to these soils
 
respond to potassium is not necessary for initial
 
application, cropping seasons. However,
 

continuous cropping without 
supplementary addition of 
potassium will eventually deplete 
the potassium reserves in 
these soils. 

Have dry, warm climate with Registered the highest maize Irrigation is required for 
high solar radiation yield in the Benchmark network, optimum yields. 

Between Soil Families 

Weather as a Limiting Factor 

Yields on soils are affected by weather, which and thus have higher potential for grain 
differs among soil families and even between yields of maize than do the Hydric Dys­
sites within a soil family. Quantifying the trandepts, which have more cloud cover 
weather variables will assist in determining and therefore less incoming solar radia­
the crop response, 	 tion. 

* 	Maize yields were higher overall in the 
Tropeptic Eutrustox netwOrk than in the * There is higher rainfall in the Hydric 
Hydric Dystrandept network. Tropeptic Dystrandepts than in the Tropeptic Eu-
Eutrustox receive higher solar radiation trustox; therefore, irrigation is supple- 7 



1ime !r:I*fot r lhe )yst randepts but neces- Tropeptic lutrus.ox Ntwork; no singlu 
sary for the 1:utrustox. best-adapted variety for thi'.Hydric Dys­

* 	 Higher yields were obtained within the trandeprs E'"s been identified to date. 
warmer isohyperthermic Tropeptic Eu 0 Soybeans were affected by antlhrac­
trustox family than in the cooler iso- nose in the Tropeptic 1Ltrustox but not 
thermic Hydric l)ystrandept family, in the Hydric Dystrandeprs, they were 

severely affected by rust, leaf spot, and 
powdery mildew in the Hydri, )v,,tran-

Variety and Disease Incidence depts but not inthe Tropeptic l'ttru,;nx 
SMalize was severely affected by ru.,r

The variety of maize used for the best yields but generally escaped downy tlmildew 
differs among families; disease incidence may attack in the H-vydric )vstrandepts. N,: 
be predicted by the soil family, particular disease trend was identified it 

SPimeer X304' hybrids do) best in the the Tropeptic tutrustox. 

Fi. 1. The Iransfer hypothesis of the Bench­
m,JAk Soils PlOjCt isthat airotech ology 
CAl be trrislttfwed 	b)etwtell sitmilar soils even
 
tlhouglh Ifly t(twidely sepa,ated. The vol­
canrc ash soils of the t-ydi icDysliandepts 
soil family OCmt Illrear Mi. Gede inCiparras, 
Indonesia (ilper left), Mi. Isarotg inNagja 
City, thielililirs(upper right), arnd Mao­
iraKea, Ilo.tknra, Islamd of Hawaii, U.S.A, 
(ho tton). 

8m 	 i1,
 

http:lutrus.ox


THE GOAL: AGROTECHNOLOGY 
TRANSFER AMONG TROPICAL COUNTRIES 

\,)td I..... IRome,Octo-

br It)7 a tcn(iMw.Is h)cuscd on Ile world- set up sites in Cameroon.
 
widu, sicadily tgrtniuL The the Project is to an
 

A.\t11ch ,rncc in Indonesia. In 1978, negotiations began to 

.uricultural situation, purpose of test 
.1du waIdetCrmined that a c,,nce'rted inter innovaive approach to agrotechnology trans­
umnil)mal etfi iss needed to alleviate the pres- fer designed to assist I.DCs (less developed 
cot fo()d crisis and ti)prevent future famines. countries) in appropriately utilizing their land 

Agricult ura cxpcrimcnuation is both cx- resources for increased and better qLality food
 
pensive anId ii n'-C,)nu ig.thus. it appears production by bypassing three major con­
cxpcdiclnt t'.capitaIiiC u ,1icultural experi- straints: scarcity of qualified research person­

cllo.c ti'd ci sc\, here. Time has shown, nel. insufficient capital; and, above all, lack of 
11\vcvr, tha1t hc Lxtrap1)olathmn of igricultural time to close the widening gap between agro­
cxipriCnc: frin dcvciuhpcd1 countries in the production and food requirements. The tradi­
t(e11cr.ptc ,t)Inc to tional approach to agricultural research isa Ics,-develi ped tropical 
onlitrics h1a, aciwith little success. One rea- extremely time-consuming, and farmers ur­
i,)nr the failure is thaIt many soils of the gently need the basic information conducivefi 

tr,)p:cs ha p etrtics thar require manage- to higher outputs; they cannot wait for local 
met 1r1Kticcs uniquue tothese soils, which do research to regenerate information that is 

n,)t necvssarilv co nfo rm to the known prac- already available to them via transfer (Fig. 2). 
riccs fi)roills of the temperate regions. This It is the underlying rationale of the Bench­

implies that the process of transfer of agro- mark Soils Project that soil management 
technology (uless-developed tropical countries knowledge is directly transferable in the 
must take place predominantly within the tropics on the basis of the soil family in Soil 
tropics. T7xonom.y, (Soil Survey Staff, 1975). If this 

Toassist in the transfer o)f a strategy forag ro tech nohgy, hypothesis is substantiated,
the Benchmark Soils Project was established mobilizing and utilizing existing soil manage­
by US.Agency for International Devehpment ment informatin can be conceived and incor­

contracts ta-C- 1108 with tle University of porated in thegeneral modelofagrotechnology 
Hawaii in 107.i and ta-C- 1158 with the Uni- transfer. The action program will conform to 0 
%ersityof Puerto Rico in !975. Both projects the World Food Conference goals of involving 
have been extended to 1980. Sites were estab- innovative approaches in the development of 
lished in 1975 in Hawaii and Puerto Rico; in (I) appropriate agricultural technologies, (2) 
1976 in the Philippines and Brazil; and in 1977 procedures to guide the selection of land re-

RESEARCH 
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tf 
one country can be i;jr, the same soil fairily in other countries, thus saving ilre, Money, 

Fig. 2. The transfer (ypothrafisthe Brhmwctrark Soils Project is that experimuntal results oblaineid from 
lied to sites on 

and labor. 9 



Agrotechnology 
confined to soil 


management; i will 
be shown to 
encompassall 

associated 

experienceand 

knowledge. 


The farmer receives 
technologytailored 
to his needs. 

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

Ifproven 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 LDCs 
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 be 
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 technology 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 
through the vertical component (Fig. 3). 

In the Benchmark Soils Project, two types 

of experiments, one for horizontal and the 
other for vertical technology transfer, are 

HORIZONTAL 
HOR ZONAL 
.----
transfer of basic information among nations 

CA 

. ' 


0 :. 

. 

U 
cc 0 ° 

CL) 0
• =
V 

-r 


Fig. 3. hi Ih Bcnchniak Soils Project, two types of explerirIlents, transfer 
arid [inariaqement experirnents, have been designied to study the hori/ontal10 aid vettical corpoei sof atirot;chirology trarisfer. 

being conducted. The experiments related to 
the horizontal component arc called "transfer" 
experiments and are designed to test the suit­
ability of the soil family as an instrument to 
transfer physically appropriate information 
and technology. The "management" experi­
merits are conducted to render physically 
appropriate information and technorlogy 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 limec in the thixotropic, ISO­
thethermic family ofof Hydtic Dystrandepts isru faml H ti Dhxtrndic, is.­

tr'ansferable information, It is not necessary to 
rediscover this knowledge at each site ineVery 

country. How this information ISused de­
pends, however, on the iocal situation. 'lhos­
phorus, for example, is found in manure or 
bones, and it can be applied as raw or parti.tlly 
acidulated rock phosphate. It can bc purclaiscd 
as superphosphate, treblesuperphosphate. 01 

mixed fertilizer, in both liquid and solid ft 1rms. 
In addition, the farmer may 'Choose not r 
apply phosphorus, but to grow crops with lw 
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 in itself to transfer 
technology. 



BASIS FOR THE HYPOTHESIS: 
THE SOIL FAMIlY CONCEPT 

The basis for tile Benchmark Soils Project is in Canada,and these facts are illustrated by tile 
ie soil fanily, is defined inSo)il 7.tononl. 
(soil Survey Staff, 1975), which desc ibes ti 
pr1ocedo res for identifying simil:'r soils in 
similar environments onl a global scale. The 
contents are based on more than 50 years of 
s(,ilrascarch. 

The stslm consists 01 six categories, from 
tile highest to hiwest levels of generalization: 
order, suborder, i'reat j;roupxsubgrotp, family,.Odseries grFii..j.Each of these is defined by 

the presence or absence of specific diagnostic
1lorizons, bo t at and below the surface of 

soil,,, which show the accumultion of mate-

rials and other properties and features that 

can be used for soil differentiation. These may 
include such features as depth, color, texture, 
A.nd structure and the chemical and physical 
characteristics, including cation-exchange ca-
pa city, extractable bases and hydrogen, totalaveailable phosphorus, acidity level, percentage 

,,forganic matter, and particle-size distribu-
tion of the pedons. 

The soil family was selected as the basis for
Tletsfe ofamlywagoetehnsogy bcasitorasci edSoitdee volcantile transference of agrotechinology because it thaterupticsash ord 

stratifies the soils of the world into relatively 
narrow groups, integrating the environmental 
(climatic) information that is important to 
plant growth with the physical and chemical 
characterisrics that affect soil response to 
management. Thus, the soil family name con-
stitutes a condensed scientific statement that 
interates the knowledge about a soil with its 
eivironinent. 

There are, for exaimple, obvious reasons 
why bananas grow wzll in Honduras but not 

Fig. 4. The number of statements that can be 
made about a soil increases as one moves down the 
Ia<or orn ladder. 

temperature regimes that are contained in tile
 
soil family names of both regions. IFor prac­
tical reasons, the soils of the temperate region
 
are separated from the soils of the tropics
 
through soil temperature at the family level of
 
classification. This leads to the logical conch,­
sion that members of the banana-growing
 
family of Honduran soils cannot occur ill
Caln­
ada. Then, within the tropics, the soil family
 
name further stratifies soils into 16 environ­
mental niches on the basis of soil tmperature
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 sep 
rate soils within each of these regions into 
different families. 

A great deal of information is stored in tile 
soil family name (see pages 17-2 1). Take, for 
example, the thixotropic, isorhermic familyof 
Hydric Dvstrandepts used as one of the Bench­
mark So;Is. The name implies that this soil isassociated 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, Californi', Cen- 04 5 
tral and South America, New Zealand, Indo- 0 
nesia, the Philippines, Africa, and Japan. Thec 
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 
sttements about Andepts, but it is not until 

SOIL TAXONOMY
 

Order 10 increasing 
0
•information Suborder o47 knowledge 

Great group •experence
 

Subgroup 1.000 
Family .42,000 

Series ' 0.000 
(10,00
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Specificsoilfamily we classify sudils d wn tothe famliy level .,[(hawatered cmndititlns can be expeted tip-rn 
constraints Speci fic stitelm.nts alout manmgement atid well ()ttthis Stodl. 
determine the crop pru(tiction potential cll be made. The It is possiblc to extrIct flromIIn tuitil,
suitabilityof a thixotropic, isothermic famnilyo Hofdr+= D),s-

the 
Iam<. HOtonly cotistraintS SLchI ,S raiftjl.parcel ofland for trindepts occp ), distinct ecodogical niches inl terlperiture, antd st)lar radiatiol, that an'. (I!specificcrops. the tropics. 'hey CInnot occLIr inl Aliski, 

Japan, or New Zealnd. 'h'e filyle , namie im-
plies that two) or even three crops of rmize 
can begigrown on this so ileach ),eir.The falily 
niime Aimplinphes thit certiin plait nutrients 
Will be de.'ficie.nt, thit certin plant dise.ses 
Will be excludled fromi this til'ie+, and tlato)nly 
tninttim supplementary irrigation will be

The theory is that reuiried throtightit the yeir.
the response of 
maize obtained in Slecific cmstitaints issociated with a par-
one country can be ticitltr soil famtilv detc-rnine the suitabilit) of 
applied to sites on a parcel ()f Iind f4 r specific cr ps. The tiixo. 
the same soil fam ily tn ,rl ( ktndforp Mf The.thiIS

in another country. tr iltC, iso thlieriic foin 1Y if Hldrhc I)vstrtt-

dcpts icctltI ,c((l (istmliermic' andilltltllii)tnllI
;ntoist ( 1-lydric) niches. "'The so)il is frequttettlv' 
deficie.nt in phoslpho+ruIs (Js deduce..d (rum 
tlhixttropict.TI's, cuItps sich as millet aind 

ltllll ar ti' t eSp lIN'cialy suited to this Soil 
bec.tuse tIle JIitlit. is tot) wet. lhe rttlt otm' trlller of ajgrt)(echItlttIgv lpssibk.. Ill thiiS 
cis.Sa,\,,i Is .ilSt tt suitd.d tiot be.CaUse Of Wet-
tiess. blit becau1se ttf Itw tetlpera tures. Otn the 
tther 1,11td. Irishlpt t(attieS, Vegetbls,, a nd 
tlte t (is thit prefer cotl aind adcqtt.ttIvloyI 

4441. 
....
 

t,;4 .cic 

" 


.. 


- - .... 

Side the IMOvittce Of hItan otlriti. hlluk)­
stratitits that can be alter ior int tLdi I olil
 
iswell. Sj thaft ifaucropt t 'ntis p,,orl ,,, 

s)il, the tnilv namei<.- Shot)iitIu i10, 
ascertaiin ,\h-<I..tI<.r tr not t1C .,ll,. t.tI h 
currecctl. 

Thus, the s)II ,tamily cla ific.t hn t IIi-rh­

hformitin related t,cro .idiiptA-bilt. ti, 
uteed for ri 111tlt.,tid *prtrtprainc o1111.uI,.-


'iccs. , 
lro rties are reqltire(d to j.'s,,hc teffc(,,,it 
p ist rr,ttiiageictnt or tc.. .ud t, 

at I.Ditecnitiasitrttci.i', u I 

:, v.iat; tri, 

dce r ti i ti sieci fic tate ttits rcJ ln'VCI bCIt..llg ((1 01n(t
cui'ed for ,t ivc'ti crt p.St I belt t ,th. 
satnc., fainily,+therefore, should haive,eC',,,ti iNi
 
the satllne nIIa"gIen'nt reutIirctnleom. ,a0'rd ­
., sesad shoul hae similar"ptcl.+tiCls for 
crop pirttductiot. 'wSCluettlv, tI inhiuceti 
quaklities of a soil fa vtilv si old make zhl. 

w.iy, research conLdutcted ,n a soil i t leru 
Rico ,;;plies it)Al toembers (t4 th,it ftimI 
vhether the' occutr in Sutnitra. trit.. (l, 

nbia. or Z 'ire. 

RESEARCH DESIGN 
Ilicthi isthat xptrinut,l TsultS (,SLp­

a llv, th (hs te t(IittIis tht cl'Oc It­
spotilse of tn1iize ti) tppflicionms of pItI(spo trw.,
,inld lillIC obt.tied ftoni one1 coutitrV CtI he 

ipplit..l tM sites (tin the s.amelC Soil farihmilt
 

Tlie rescirch idesigtiand n.1 idLlih to 

test thelIvpothesi,+were deeloped !11liltR fr­
1 et 

retriwit the rectil.ctidtithtios tfthe \Vtrk. 
Sht(ip onl Fxperiiiidt lDesiutn ( Sil;va and 
Beinroth, 1t75 ),In the Prt ct desi, ntI,d lStinC­

+
tiots .retc vt\vvCil tvO tVpcs ,IfcLI cxl erl-


Ift 

Oilit 'i illK t i ' illOl I w' i . .il 

Ie t ti I i d ll 1,110"tI I O w hol 11r t- -, 1 
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UNCONTROLLED 
'o (weather) CONSTANTS 

(soil, climate) 

-_ -:-]]..L . .. VARIlAB LES!., 

perimentat ionjD~ATA
CONTROLLED Transfer functions 

2?(applied fertilizers, amendments, "-- U OUTPUTS 
chemicals for crop protection) (predictions) 

.: . -. , ' ti melIeI design the Benchmark-t Soils Project. Outputs of the Projecl are 

p. kds cf uwts--controlled and uncontrolled variables. 

fmital sites, designated primary and secondary results throughouL the network, These guide­
-l.s and three kinds of experiments, referred lines are sufficiently detailed to insure con­
r,,,is transfer soil fertilit,). atriety, and man- patability of data obtained at all sites. All field 
,!ccflent experiments. operat ions-such as land preparation, pest 

Primnary sites are locations ,here all three control, irrigation, and harvesting-are con­
knds of experiments are beinL Jonducted and sidered, as well as field plot designs and data 
arf completely instrumented f..' collection of collection at all sites. Experimental yield re­
ptrtinent weather data: air temperature, rela- suits, with all related data on controlled and Standardized 
tIe humidity, rainfall, solar radiation, wind uncontrolled variables (see pages 21-28) are procedures and 
run. pan evaporation (which isoptional), and analyzed in conjunction with the Project sta- guidelinesare 
maximum and minimum soil temperamures at tist cal consultants with the ultimate objective followedto 

15.. 20-. and 50-cm depths. Secondary sites of testing the transfer hypothesis and devel- ascertain 
.!tc'l,,Cjti ms where nlv transfer experiments oping a model of agrotechnology transfer compatibilityof 

,ciT0L conducted. They are required to in- based on soil interpretation and land classi- results throughout 
fc.,, lie number of experimental sites per fication. the network. 

'i famil' in order to have sufficien, data for The transf.r hypothes. Df the Benchmark 
I. taristic.dlv valid estimate (f the effect of Soils Project is the pivot around which all the 
unc introlled variables on crop yields. Second- activities operate. These fertility experiments 
ary sites may differ from primary sites in that are called "transfer" experiments because they 
they exhibit variations in soil properties ir- provide the data that will be used to show that 
portant to plant growth, such as pH or base soils of the same family have similar manage­
saturation, within the range permitted by the ment needs. This is formally called "the test of 
definition of the soil family (see pages 17-20). the hypothesis of transferability of agrotech- The 
If located at some distance from the primary nology among soils of the same family." ultimate objectiveis 
site. secondary sites may also have different There are a number of ways to test the developinga modelmay ~so d~L.h.LL~t aysof agrotechnology 
weather conditions, and the same weather transfer hypothesis. The approach taken by transfer based on 
parameters are monitored as at primary sites, the Benchmark Soils Project is schematically soilinterpretation 

Field operations, data collection, and data shown in Fig. 5.The transfer function gener- and land 
processing follow standardized procedures ated from experimental data obtained at one classification. 
and guidelines to ascertain compatibility of site is used to predict outcomes at other sites. 13 
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SOILS NETWORK 

hree sOil faiiiius froni utlFi +r'is tl,.It 
Projectpersonnel hIlAV liC pitltelmt13 il be pi'odulctie litiler 
had long experience i ll1iiLgel'ient were se-itentIsAIlV aic-,ti 

with the Hydric utctd Iii rII tiel polithesis I[ableI. The 
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lVio 7. Soil linkages amron~i c:ountries irl the Bench mark Soils Projec:t. As of Demierrr 1977, 15 sites are operational. Trhe remainilng
9)sitesni .xpe.:cted to 1)i operating b~y the end' of 1978.;it( 15 
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Table 1. Classification of soils in the Benchmark Soils 

Soil Taxonomy taxa Soil family A Soil family B 

Projt'ct" 

Soil F~tntlv, C" 

lw yl\'¢ -(d 0 " -.l -,1 1111 

t ,| +'~ll ,' f 

l},,+t,fSOld Ta~ C)ttittp (Siti SH.. 

,Xill , tl l l,; h~ llt'rj: 
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Table 2. Location of the network of the three soil families 

Soil family Location 

]lll".t' tt~l It . l~t~lll,lit~i, ]'.l i.tl ,1i i f' + . , 



and Hawaii Blerchnlark projects. The third 
family, davev. kaldinitic, isohypertherm ic 
Typic Paleuduls, as included at the request of 
the host countries because it is an important, 
underutilized soil in the tropics. 

Selection of Sites 


The seleition of the Benchmark Soils Project 
,iMs was preceded by a search of existing soil 
survey data (soil survey reports including lab-
rtory data and inaps). \arious individUals 

wX'erc also conttacted to obtain information 
bhcforc actual field work was implemented. In 
,l.iwaij, for example, published soil surveys 

Foote et al., t972; Sato et al, 1973) were Used 
to determine the areas of interest, and an on- 
sitc tnvestigation was then made of a particular 
airca. Auger-sam pling and laboratory charac-
tcrization of the soil samples preceded pit-
s,.mpling. profile description, and further 
LN ra tory characterization. Soil geomorphic 
relationships were also used to predict the 

.
 
-


Suiabl 

/f 


occurrence of a particular soil ina landscape.
The soil-geomorphic relationships were Soil-geomorphic 

used extensively in locating sites in the Philip- used to predict the 
pines, Indonesia, and Cameroon where soil occurrenceofa 
survey data w'ere unavailable or, if available, particularsoilIn a 
of limited nature. landscape. 

For sites outside lawatii. arrangements 
,were made with appropriate government and 
research institutions to obtain the help of in­
country soil scientists. Working with these soil 
scientists, the Hawaii personnel or the Ha­
waii-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 chara,.terization and classification ac­
cording to Soil TxinomJ (Soil Survey Staff, 
1975). 

The sequence of events required to establish 
a soil family network is shown in Fig. 9. 

Selection of site. 
Approval of host country

government. 

Signing of agreement.J bae nImplementation of field 
-1\ field std study. 

Selection of soil family. Suitable
 
Selection of country. mily
 
Preliminary approval of 1 based on rJ 


host country. __ _ _ laboratory
 
Development of work plan. study L
 

ri.9.Swiiw:nc, of vents ioestablish a sul family i etwork. 

Characteristics of the Benchmark Soils 
Profile descriptions and laboratory data for 
the soils at each site ( 14 soil profiles rep-
resenting 23 sites) have been collected and 
compiled by Project personnel and are 
presented in Tech. Rep. I (Ikawa ct al., 1978).
A summary of the general characteristics of 
the three soil families inder 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 Tx­
onomn, for soil and crop management of the 
three families in the Benchmark Soils Project. 
The extent with which these iiferences can be 
made from the taxonomic names is limited, 
however, by the availability of accessory in­
formation associated with each term. In Table 17 
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Tableo3ir ,theicrelationship to the soil family namres, 

-yTaig9nomic' eN nfef M IXI*0 fagepnent considerations . 
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'. O .: ,jsmn' choacteristics 


I tnd~.. Tropeptic Eutrustox Typic Paleudults
 

,, fy it,. of the Benchmark Project soils 

", dI,,,iy (at 1/3-bar water reten- .. 3. Caton-erhasgr (by. 4- scapacity 

i-01l (i filts-earth fraction of soil is sion, :c' 
"; than 0..6 Oc and exchange lion reention iomnNH 4C meq/ "fraction"'of : illiccornplx is don inated by amorphou'c 100 a ointe by overn1.rme otextrac horizonClay,. istributin-decrease is
maetoial (thixotr,.c in some ho,, 

,- abele:besespPusetractabl;e- umi um; >no 0 more, than 0 tf- I -m 
te 

'JI dl r ,,-sufc 15 r ..soil 
and/or ~~~horizon, does rbt~exend 16 adepth of 2~sraetv W>c~. 

vilric volcanic ash, cio'clers, or other 1,:,m ; l svitric lyroclastic roaterilal{by weight) strcr n rae. 
is60 pc,rcorit or more of soil . 
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Table 5. Summary of the range in characteristics of the Hydric Dystrandepts
 
Hawaii 
 Philippines Indonesia
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Table 7. Sumnary of the range incharacteristics of the Typic Paleudults 
Philippines Cameroon 	 Indonesia 
1 	 S,ir1 I o, l ".,, , hIick (SYR2.5/1 1. Stir t,'e horioIs are dark brown to 1. Surface hoizons of 3 pedons are dark
 

B2 .,o.: lakf feddish hirown iown (1OYR 4/3) to clark yellowish reddish brown (5YR 3/2),dark brown

(t)YR 9, 3/3) iid leddish bhlown hr own (1OYR 4/4); B2 horizons are to brown (7.5YR 4/2), and dark 
(L)Yrf3,",), yellowish brown (1OYR 5/5). grayish brown (1OYR 4/2), respective­

ly, 52 horizons with increasing depth 
are reddish brown (SYR 4/4), yellow­
ish red (5YR 4/6), and dark red 
(2.5YR 3/6) for one pedon; yellowish 
red (5YR 4/6), dark Yellowish brown 
(lOYR 4/6), and red (2.5YR 4/6) for 
the second pedon; and strong brown 
(7.5YR 4/6) and yellowish brown 
(IOYR 5/6) and yellowish red (5YR 
4/6) for the third pednn.

2. 	 Cation exchane capacity of the 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 rneq/100 subsoil ranges from 7 to 12 meq/100 g
 
g of soil. g of soil. 
 of soil.

3. 	Sum of bases o thie subsoil rantles 3. Sum of bases ranges from 1.7 to 3.7 3. Sum of bases is less than 2 neq, in
from 4.5 to 6.5 inec. meq. most cases being less than 1 rneq.4. Base sa ioratin ranges fron 27 to 31 4. Base saturation ranges from 16 to 24 4. Base saturation ranges from 4 to 16 
i)%rcon 1. percent. 	 percent.
Ei<trjt)hera. dlUiinti ari-es riom 3 5. Extia ct,ible aliminurn is less than 0.2 5. Extractable aluminul ranges from 1 
to 4 ilq. to 4 nieq. 

SELECTION OF THE EXPERIMENTAL 
VARIABLES 

The experimental variables %%ereselected by 	 Phosphorus (coded value)
the Benchmark Soils Project to test the +1 +0.85 +0.40 0 -0.40 -0.85 -1
 
transfer hyplothesis because they"are (I)
 
cmtrollable, (2i important to the test plant- +0.85 U U
 
in this case, maize, and (1) key features of the 
soil families under study. Uncontrolled -­
variables are also being mon)itored 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 r0 0 
data are essential for describing the potential I 
crop performance at the various sites. 

The treatment design Is the 5 partial fac- 2 -0.40 U U 
torial modification by Escobar (Wig. 10), as de­
scribed in a pa:pcr by L.aird and Turrent (in -0.85 
press) and presented at tle Workshop on Ex- U1 
perimental Design in Hawaii in 1974. 


"Tokeep tie transfer experiments manage- Fig. 10. Treatment design for 52 partial factorial modifica­tion Iby Escobar usrd for .hie two-factor transfer experi­
able, ard yet obtain sufficient information, 5 rienis. 
levels of each of two variables were combined 
to give 13 of the 25 possible treatment com­
binations ('Table 8). The same treatment com- to the different levels of these nutrients in the 
binatiuns are used for all three families, but different soils. These treatments are replicat­
the rates used differ among families according ed at least 3 times. The experiments have been 	 21 



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 
E -0.40 -0.40 
F -0.40 +0.40
G +0.40 -0.40
H +0.40 +0.40 
K ob 0L +0.85 0M 0 -0.85N 0 +0.85 

0 Complete controlc -
P Partial controlc 

aLime was used for the Hydric Dystrandepts, and potassium was used fr the Tropeptic 
Eutrustox.bo = optimum treatment. 


CO = no fertilizer applied; P = no treatment variables applied but given blanket applica-
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Fig. 11. The steeper slopes of the phosphorhis-sorltion curves in the Hydric
Dystrandepts mean they require more phosphorus fertilizer than Ihe22 Tropeptic Enlrustox. 

(The legume soybeans fix nitr • ./mbioti­
cally.) Varieties initially known to be well 
adapted are planted in the transfer experi­
ments at each location. 

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

Controlled Variables 
The variables 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 prp­

erties of these soils. The controlled variables 
were recently changed to pho)sphorus and n.i­
trogen because it was found that the L)ystrati­
depts do not require lime and the liutrusCox 

contained adequate potassium for several 
years. Also nitrogen is frequently limiting in 
tropical soils. 

Soil 
Phosphorus

The nutrient element phosphorus (P) was 
to be animportant limiting () was 

judged tbean ipratlimiting fa totcrop 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 18-19].) 

In the thixotropic, isothermic family of 
Hydric Dystrandepts, for example, the word 
thixotropic" connotes a high capacity to 

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 ais 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 
fam ily 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 ult in Paleudult. The iron and 
aluminum oxides in Eutrustox and the high 



',oil acIity of PAIlcudults (ultinate soils) 
contribute to immobilization of fertilizer 
phosphorus.

Fig. II shows the range of phosphorus-

sorption capacities found among four experi-

mental sites. Although the general shape 
tshope) of All four cur'es is similar, the curve 
to fle left I- he highest phosphorus-
Sorpti( capacity, while tl curves to the right 
1L\'. successively lower phosphorus-sorption 
capacities. The Iower sorption-capacity soils 
had ither high amountS of native phosphorus 
or the addition of phophorus fertilizers in the 

past. 

The h1igh1 capity of Hydric Dystrandept 
stills to srb phosphorus means chat Much 
IargLirr ipplications of plsphorus are re­
quired to 1:1hicve the pa rticular level of 
plhsphirts in slution requi red for maxi-
mum yield (see pages 31-38i. 

Soil Acidity and Liming 
lime was, selected as the second experimental 
variabhl because soil acidity is an important 
, ausc of h w crop yield throdghout the world. 
The imosr common \%av to correct soil acidity 

is to apply lime. 

In soils oif the temperate regions, lime is 
usually applied when a soil pH value of about 
5.5 Is attained; this is the point below which 
.1Inimnum Alt, which is toxic to plants, is 
solubilized in sufficient amounts to seriously 

,,ffect croip yield. Thus, people trained in the 
ielmperate regions normally recommend lime 

Application when the soil pH nears 5.5. 
The Project found, however, that in the 

Hydric Dystrandepts, even though the soil pH 
is lower than 5.5, because of the hlw amounts 
Of extractable aluminum and correspondingly 
higher anounts of calcium (Ca), lime treat-
ients had no effect on yields of maize. In fact, 
s(Moe experiments even showed a decrease in 

yield with the high~est races (f lime application 
)seeages 34-38 for details). Thus, the Proj-

cct effectively demonstrated that the existing 
expensive practice of liming acid tropical soils 
to obtain good crop response does not neces­
sarily apply to soils of the Hydric l)ystrandept 
network and this information can be trans­
ferred to similar soils of the Andept subgroup. 

Therefore, the Project has dropped lime as 
atn 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 

Extr. table Exchangeable
H20 KCI aluminum calcium 

Site (pH) (pH) (meq/100 g) (meq/100 g) 

Hawaii 
4.90 7.93Iole 601 0.02 

Kukaiau 6.00 5.45 < 0.01 2.53 
Philippines
PUC 5.40 4.50 1.29 3.84 
Pales ina 4.60 4.50 1.16 5.25 
Burabod 4.80 4.40 2.10 3.54 
Indonesia 
ITKA 4.20 3.90 1.53 2.10PLP 5.00 4.60 0.11 3.80 
LPH 5.70 5.10 0.03 6.00 

4 

0 Typic Paleudults 

. U Tropeptic Eutrustox 
A Hydric Dystrandepts 

3­
0 
8 

>
 

.EX 2- A 
£ 
" 
0 

AA 

1 
1 m 

A 
• 

v A 
_-A_ 

pH 4 pH 5 pH 6 pH 7 

Fig. 12. There is a marked increase in KCI extractable aluniinurn as tle p1l
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 to neutralize 1 eq ol toxic aluiinumi. 
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Uncontrolled Variables 
\C helr ari.ihle,. discai~e incidecnce. and 

cr-tp variey ,ad.aptus are not reflected in ,
 
Che sofil IllviIi u,. ,lhhi uugh predict ionsi.
 

for (.(I)O ro.sp,11i lit1'C' i fincorporate these ­

data: theretirc. weiher varialles are mea­
sured aItL-Ali e.AlperimCetltl SieU,. IIAddirit)1. E
 
tIiperaturc, rainfal, rl.ti,v huImmidItV, solit
 
railatimi. wind dirccln. .uld wind spced are S
 
IeCJuIrC-d at eC.iCh CXperinLentail site. In
 
ad i in)1, iIsec Ia noIi t _ t. o I,LId .I c dence aI d crop b D ,,o sob o 

va netv are beig -C and ratedLnt ified within
 
cIh soil f.:mi'i and cormpa red between soil
 

families,
 

Weather 

Because climate is anI uncontrolled variable, it 

is essential that s iniic. mtclim atic variables I- i .1 th ivei c noft stilt ii h ric Dytranbe: ruastired at each el'..~ri ivunta site si that I il 1.4. The avw.r;aqe 'naitthly so~lar radiariort VvaS qler,ally
tict 111.Im-CI S)etchsie hIthihf!( inlth i]tl)e~itl(" [_IMLtIStOX thanl inlliltHydric Dystran­their relatitnships to nd L,,tts%ildreslm,t ,rs Fio. I5). O\rpare 

teI~rt'l ire to thl tr.mibf.r of ,ri)tuclt oloh)gy
 
.are clair. Ait a\Id sAI temperatire, relit ive
 
humidit. ,klar radi, i~m, wind speud. wind
 
directi Io. c.Ih
and rainfll, ire mmiltred at 600
 
S.ite pail e.1vairrtt is lSO ieasured at
 

selected sites. 

Solar Radiation 

As the most important single energy source ,C f 
for plants to manufascture food through or' /- / 
phottsynthesis, sdar radiation provides an /­
index of the photosynthetic potential of a : " 
given site. 

In general, the Tropeptic 1:utrustox (Fig. 7 

H) have higher ranges of solar radiation than . ' t.e,
Fig.r-th (Isn rLe Ci WUCthe Hydric Dystrandepts (Fig. 15); therefore, o,6,es'.a 

grain yields are expected to be higher o'erall o 
in the Tropeptic Eutrustix netwi)rk. This is 
expected because the higher rainfall in the 
Hydric Dyst ranILeIts implies more Cltihu coy- 0 
er, whiih intercepts M iniilg solar radiation , F k . A, M., A, 5 it O.c ,N D,c 

for crolp growth. Solar radiation is thus being 1977 

measured at all sites. Fig. 15. I, the Hydric Dystrandepts, the a erage uorillily solal 
radiation has dipimd as low as 250 cal/i 2 /day, which 

T1lll andindicates ratt~e the crol) yields may not be as good overall as in theTemperature and Truoeptic Etlrustox. 
Relative Humidity 

Trend,; in crt p yields at different sites (pages 
29-9) mid in different suil families may be 
related. In part, to differences in maximnum 
and minimum air temperatures (Figs. 16, 17) 
and the correspmding maximum and mini­
minim reiative humidity (Figs. 18, 19). On a 25 
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"()dte. lic Pro ject has verified that ac-
ces srM sVt5i properties Implied in tile soil 
famil txinomic names are indeed inherent 
sti nulhlviaractcri tics. although these char-
aci ristics range narr,)wlV from site to site 
within .f a,1milY. In +ddirioh,, the Project has 
.,ccessfulh' d.- n rat.d that these soil fain,.iiist 
Ilv char,i.'cristics have specific inferences for 

a.migcenrt practices (.see Table 3 and pages 
18-28). 

The vield responses and statistical analyses 
uiehing interprtced and cvaluated; initially 

te.y suggest that igrotccllnology can be trans-

terred among various sites on soils of the 
same families thr,(- ihoUt the tropical world. 
Thu re.,ults are 111r cinclusive, however, be-
c.iws idditinl field experiientaition is re-
quired i,)r t1C dc.ree ()t statistical certainty 
that is desired. W ith further testing, it is ex­
pected thathu llrj ije%il ci)nfirm that soil 

SeSsms developed on Jsoil fain-
flv if ,)no rc 1, ,L bc transferred to the 
same. ii fantily in aynv otrher region, 

The followingj list summarizes the findings 
to datc in the test of the transfer hypothesis. 

I. Soil Propertiesa. The Hvdric lDystrandepts require 
a.iTheHvr ticDstrande ptspreque 
higher 11)pptiinS Of Phosphorus 
than the Tropeptic Eutrusox 
because of both te lower sorption 
capacity and the relatively higheresiualtheal"11111s f ntiveoramounts u)f native o)r residual 

phosphorus in th latter. 

b. Nitrogen *s generally limiting in 

tropical oils and was found to be very linmitiin the two soil families 
ver g in 
underin 

c. lxperiments demonstrated that theHydrc Dstradepsd notreqireDowny 
Hydric Dystrandepts do no require 
lime and that the Tropepic 
Eutrustox contain adequate 
amounts of potassium for several 
years. Lime and potassium 
are no lunger being used as 

experimental variables. 

2. Veather Variables 
a. Higher grain yields were obtained 

on the Tropeptic l-utrustox than 
on the Hydric Dstrandepts 
because of the higher ,olar 
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.
 

c. Crops grown on Tropeptic
 
Eutrustox require irrigation
 
wh-reas those grown on Hydric
 
Dystrandepts require only
 
supplemental irrigation.
 

3. Variety and Disease Incidence 
a. 'Pioneer X30-i' hybrids performed 

better than the other varieties 
throughout the Tropeptic 

Eutrustox network. To date, no 
single best-adapted variety has 

been identified for the HydricDystrandept network. t 
b. Soybeans were found to be affected 0 

by anthracnose in the Tropeptic 
Eutrustox network but not in the 
Hydric Dystrandept network; in 

Hdric ystrandet tno inHydric Dystrandepts, but not in 

the Tropeptic Eutrustox, soybeans 

were affected by leaf spot, rust,
and powdery mlildew.
 
ad wdery mildew.
:.Maize was affected by no)rthern 

leaf spot, rust, and downy mildew 
te Hydr Dystrandepts. 

in H d nts.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 transfer hypothesis is found on 

pages 40-43. 



STATUS OF FIELD EXPERIMENTATION
 

The network of experimental sites is shown in transfer and 5 soybean transfer experiments
Table 10. The details of the numbers of were completed on 5 Eutrustox sites. It is 
experiments conducted in fiscal year 1976- expected that the full complement of experi­
1977 are presented in Table 11. ments (2 each year on 9 sites in each network) 

A total of 20 maize transfer and 16 soybean will be carried out on the latter soil family in 
transfer experiments were completed on 9 the coming year when the network is corn-
Dystrandept sites, while a total of 6 maize pleted. 

Table 10. Soil family network of experimental sites 

Reference Milestonea
Country Location abbreviation Site achieved 
Hydric Dystrandepts- thixotropic, isothermic 
Hawaii Niulii, Iole 

North Kohala, Hawaii 
Iole Primary 5 

Kukaiau KUK Secondary 5 
Honokaa, Hawaii 

Philippines 

Niulii, Halawa 
North Kohala, Hawaii 
Philippine Union College 

HAL 

PUC 

Secondary 

Primary 

5 

5 
Panicuason, Naga City 
Palestina, Pili PAL Secondary 5 
Camarines Sur 
Burabod, Calabanga BUR Secondary 5 

Indonesia 
Camarines Sur 
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 Parang, Jaiba 
Bahia, Jaiba 
Ceargi, Jaiba 

Hawaii Maunaloa, Molokai 
Waipio, Oahu 

Primary 
Secondary 
Secondary 
Primary 
Secondary 
Secondary
Primary 
Secondary 

5 
5 
2 
5 
5 
5 
2 
3 

Typic Paleudults-clayey, kaolinitic, isohyperthermic
Philippines Davao, Mindanao BPI Primary 3 

Indonesia 
Cameroon 

Davao, Mindanao 
Lampung, SOLIth Surnitra 
Barombi- Kang 

Secondary 
Primary 
Primary 

1 
1 
1 

Southwest Province 

aMil.slore: I = soil survey initialted; 2 - soil survey completed; 3 = agreements signed; = 4 site prepared and 
=staffed; 5 experiments underway; 6 = experiments completed. 
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Table 11. Experiments completed through December 1977 

Transfer Variety Management 
Country Crop experiments experiments experiments 

Hvdric Dys trand pts
HV-, 1 e 

wbea6 
. 1,,:;,,az 

Soybeans 
If ih oltoes 

Soybeans 

sO flh 

: 
soybeans 
Irish potatoes 
s~r! lh-

ft-utrsox 
Saize 
soybeas1 
:'-" 'a 
s ea4 

1,,hat 

9 

6 

5 

" 


5 


20 
16 

-

21 


4 

6 
5 

I 1 

1 
1 

-
1 

1 -

-2 

2 4 
2 2 
- 2 

4 6 
4 2 
- 2

2 

3 
1 -
3 1 
- 2 

1 4 
1 2 

SUMMARY OF YIELD RESPONSES: 
TRANSFER EXPERIMENTS 

Hydric Dystrandept Network 
[lhe Project lis effectively demonstrated that 
phosphorus must be applied on 1ydric 
l)ystrandepts in order to achieve reasonable 
yield response of maize. Throughout the net-
work there wvas little or no response to higher 
levels of phosphorus above the first level of 
phosphorus applied. This was attributed to 
the high optimum phosphorus level estab-
lished by the phosphorus-sorption method. 
Since rates of phosphorus applied vary with 
tile amount of native or residual phosphorus 
in the soil at a specific site, alternative meth-
ods of analysis for soil phosphorus are being 
studied and will be reported at a later date. 

In Naga City, the Philippines, for example, 
traize was not grown to any significant extent 
on Hydric Dystrandepts because local farmers 
were not aware that these soils were nutri-
tionally deficient in phosphorus. The visual 
growth rcsponse of maize to phosphorus in 

the transfer experiments effectively demon­
strated the need for phosphorus application All transfer 
on these soils-information that was obtained experiments 
through many years of research and experi- showed dramatic 
ence in Hawaii on the Hydric Dystrandepts. responses to 
These experiments also explained why a local 
practice of using chicken manure was more 

phosphorus 
application. 

effective than commercially available urea or 
ammonium sulfate-nitrogen fertilizers that 
are commonly used by local farmers (see pages 
50-5 1). 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 31 
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7000 

yield potential of maize on this soil family. 
8000 The maize crop at the Halawa site received

0 ptlime relatively higher amounts of solar radiation, 
-85 lime and the diurnal temperatures in the u,nusually 

+85 lime 	 dry summer were conducive to good growth. 
This yield indicates the potential for maize 
production at the Halawa site in the dry 

6000- season.
 
, 
 In Indonesia, grain yield of mlize varietyI k 'Bastar Kuning' generally did not reflect the 

5000-	 - lime/ha700 kog
50 /1295 kg lime/ha imposed phosphorus or lime differentials in, 29 logli e/ha 
p - partial control the three wet-season transfer experiments 

Z 4000- c - complete control completed. The low grain yields were duC 
< largely to adverse weather conditions. The 
( plants were healthier and taller with the high­

3000 er applications of phosphorus and consequent­
ly were more susceptible to wind dalmlge. 
Hence, another variety, 'Harapan'. was se­

2000-	 lected for three dry-season transfer experi­
ments because of its vigor and responsiveness 
to applied phosphorus.

1000" 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 slwer growth pattern..01 .03 .05 .07 .09 Plant height of maize 'UI11CA Var. I')at 

P IN SOLUTION (ppm) harvest during the wet season did not exceed 
Fig. 20. The experiments at Halawa, Block A, in 1977 illustrate the overall 1.8 meters, while plants grew as hi,:h,Is 3()
findings in the Hydric Dystrandept sites: grain yields increased as phoSphorus meters during the dry season. Marked rc­
application increaod, and there was little or no response to lime applications. sp nse tomphosphorus was observed in all 

transfer experiments with maize between 
treated and untreated plots. These responses 
were similar in each of the three sites.

largely to the use of a variety that was unre- although at 	 the PVC site. responses were
Surprisingly,no sponsive to phosphorus application, larger with maize because without phos­
incidence ofdowny Application of lime generally resulted in phorus application there was no grain yield.
mildew was foundin little or no increase in yield. In some cases, in Two varieties of maize known to be suscep­
the Philippines,and fact, higher applications of lime often resulted tible to downy mildev, a disease that is prev'a­
less than Ipercent in a decrease in grain yield (Fig. 20). Soil pH lent on maize throughout the tropics, were
of the plants were ranged from .4.6 to 5.6, and KCI-extractable grown inthe transfer experiments in Iidone-
Infected In 
Indonesia. aluminun was generally 1.5 .neq/100 g or sia and the Philippines. Surprisingly, no in­

less. These tropical soils are able to supply cidence of downy mildew was found ill the 
adequate amounts of calcium to crops, even transfer experiments on 'UPCA Var. I*inthe 
though the pH isrelatively low. Philippines, and less than I percenLt of die 

Table 12 shows the range of yields and re- plants were infected in the transfer experi­
sponses to the optimum treatment in the Hy- ment using 'Harapan' in Indonesia. The Proj­
dric l)ystrandept network. Ti~'le 13 shows ect believes the climatic environment of the 
treatment means of all the experiments to isothermic regime of the Hydric Dystrandepts 
date. 	 prevents the development of downy mildew;

Maize grain yield in the optimum treat- further tests are expected to confirm this. 
ment ranged from 16.12 kg/ha at ITKA in The yield of soybeans varied among sites; 

Applicationoflime Indonesia during the wet season to 10,232 the highest yield was achieved at the Kukaiau 
generallyresultedIn kg/ha at Halawa in Hawaii during the dry site in Hawaii where yields were generally
littleor no increase season. The very low yield at ITKA was due to 3000 kg/ha during the dry season. Lower yields

34 in yield. a severe windiand rainstorm that occurred were obtained at tie PUC site in the Philip­34 during tasseling and is not indicativb of the pines and at the tole site in Hawaii during the 



Table 12. Summary of yields of partial control and optimum treatmentsa for all sites, Hydric Dystrandept network, 

1976-1977 crop 

Fertilizer applied 
(kg/ha) Yield (kg/ha) Increase 

Site Block Season P Lime Partial control Optimum (percent) 

- D Wet 153 115 3587 4110 15 

At Dry 2113 600 4064 6136 51 

D 
C 

Dry 
Wet 

759 
618 

600 
204 

1846 
4508 

3052 
8122 

65 
80 

A Dry 450 114 6769 7395 9 

AL) 
B1 
D 

Wet 
Dry 
Wet 

753 
485 
160 

700 
1278 
405 

4729 
8959 
4458 

5529 
10,232 
4762 

17 
14 
7 

B2 Dry 446 803 6276 8854 41 

,PI/i t/ppkes-- maize 

Dry 658 525 0 4973 

F W,%rt 145 1117 0 3458 

P2 Dry 0 0 0 3246 

AI Wet 115 375 1188 3321 180 

C Dry 197 413 3383 5035 49 

A2 Dry 0 0 1178 2985 

A Dry 217 465 976 2702 178 

Indonesia -maize 

iTi A Wet 283 283 2994 1642 -45 

K 
A 

Dry 
Wet 

683 
829 

2260 
829 

6442 
1248 

7853 
1681 

22 
35 

D Dry 646 151 3647 5485 50 

A We t 395 600 3259 3602 10 

D Dry 855 321 3129 7434 136 

Haivaii-soybeans 
C Wet 239 275 1286 1209 -6 

F Dry 933 600 3234 3753 16 
E Wet 1238 177 983 2069 113 

8 Dry 652 150 3151 2855 -9 

C Dry 270 1530 2736 2955 8 
F Dry 690 510 2620 2887 10 

Philippines-soybeans 
PilC B Dry 658 525 379 1899 401 

El Wet 613 868 100 1527 1427 
E2 Dry 612 556 219 1303 495 

'-jV~tifld B Wet 396 380 629 2049 226 

82 Dry 0 0 1166 2022 73 

Indonesia-soybeans 
IIKA 8 Wet 600 902 1598 1596 0 

J Dry 894 2345 2616 3240 24 
PLP C Dry 885 151 1148 2238 95 

B Wet 1337 2259 69 
C Dry 1186 286 749 2674 257 

aOptimuin treatment applications of Pand lime are listed incolumns 4and 5: partial control treatment consisted of application of all nutrients 
exCept P dind lime, 

31975- 1976 crop. 
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Tahbl 13. Mean yields (kg/ha) of transfer experiments conducted on Hydric Dystrandepts through December 1977 (average of 
th ree replications) 

Treatment 

Coded P Coded lime Location/site 
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ITKA-A ITKA-K PLP-A PLP-D LPH-A LPH-D 

Indonesia-Maize W 76 D 77 W 76 D 77 W 76 D 77 

q)s.f 10:s759 8o2 1 2377 6480 3269 8074 
-:) 0 1877 7909 1601 6160 3577 6914 

, 35 1737 7693 1991 5406 3817 7588 
("I 1() 40 256(1 7281 1571 6301 4276 7483 

4 f,: 0 ,Ok 210 2 7804 1834 5998 3467 7594 
0.35 2106 7643 10 43 5435 3742 7227 

1642 7853 1681 5485 3602 7434 
1346 775 5 1986 5980 2926 6910 

I. 1783 7503 2193) 5338 3441 7160 
1852 7.184 1854 5229 32,16 7521 

1-0.85 2319 7049 1986 5139 4331 5565 
1784 7050 1379 5113 4405 6389 

- 2493 7401 1716 4864 3622 5389 
206.1 5075,7 764 2841 3597 1841 
2994 6442 1248 3647 3259 3129 

1990 
2529 

7573 
6208 

1855 
1006 

5610 
3244 

3671 
3428 

7019 
2485 

IOLE-C KUK-B KUK-E KUK-F HAL-C HALF 
Hwaii-Soybeans VV76 D 77 W 76 D 76 D 76 D 77 

D!,, ',0.85 1291 3351 2067 3392 3036 2989 
- ' 0 1317 2985 2024 3466 2722 2862 

-0.85 1166 3414 2208 3351 3027 2843 
+-).,0.40 14 17 3362 1997 3683 2794 2783 

.}.5) -0 40 1620 2993 2165 3707 2749 2850 
f) 0.5 1099 3310 2105 3618 3125 2948 

0 1209 2855 2069 3753 2955 2887 
S -0 85 1259 3118 2180 3367 2856 2737 

1, 40.40 1383 3317 1968 3676 2756 2870 
-0 -0.40 1515 3096 2033 3444 2910 2719 
...5 40.85 1371 3031 18S, 3827 3090 2639 
-0G 0 1273 3059 1756 3494 3139 2795 
-'., -085 1290 3118 1951 3686 2852 2758 

1321 2750 1052 3334 2326 2225 
?,ajI :)r,',,I 1286 3151 983 3234 2736 2620 

P , mc 13. 3154 2028 3574 2924 2822 
Controi- 1304 2951 1017 3284 2531 2422 

Philippines and PUC-B PUC.E PUC-E PAL-B PAL-B ITKA-B ITKA-J PLP-C LPHB LPH-C 
hndonesia-Soybeans D 76 W 76 D 77 W 76 D 77 W 76 D 77 D 77 W 76 D 77 

.0,85 +0.35 1814 1721 1169 2223 2235 1390 3034 2327 2029 2720 
4"',5 0 1782 1625 1348 2009 2006 1431 3269 2144 2075 2689 

40.85 -0.85 1848 1120 1461 2017 1996 1603 3298 2241 2029 2689 
4040 +0.40 1708 2041 1161 2269 2071 1497 3421 2150 2257 2920 
+0.40 -0.40 2013 1876 1297 2119 1983 1491 3288 2533 2049 2526 

0 -f0.85 1657 1792 1204 2113 2008 1744 2923 2017 2304 2959 
0 0 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 40.40 1725 1084 1326 2075 2039 1605 3203 2162 2066 2802 
-0.40 -0.40 1663 1283 1214 2136 2014 1363 3510 2203 1882 2645 
-0.85 +0.85 1701 992 1113 1818 1968 1276 2922 1912 2003 2310 
-0.85 0 1860 757 1084 1629 1847 1433 2895 1591 1869 2435 
-0.85 -0.85 1572 746 1097 1775 1800 1842 2927 1574 1828 2238 
Complete control 313 183 229 589 1078 1395 2632 1249 1080 727 
Partial control 379 100 219 629 1166 1598 2616 1148 1337 749 

Mean yield . 0.4 

P trcalments 1768 1446 1240 2039 2009 1502 3163 2110 2068 2649 
Controls 346 142 224 609 1122 1497 2624 1199 1208 738 37 



Wea tlher co n ditio ns 
at the siles affected 
y ield le ve ls 

achieved. 

Solarradiationis 
highest at the 
Hawaii sites, which 
also have the 
highest grain yield
levels inlthe Hydtic 
Dyshiandepl 

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

Fertilizer applied 
(kg/ha) Yield (kg/ha) Increase 

Site 	 Season P K Partial control Optimum (percent) 

Puerto Rico-maize 
Islela, primary We. 300 125 8526 10,560 24 

Dry 171 125 6337 8557 35 
Isiabela, secondary Wet 299 125 3694 5806 57 

Dry 234 125 5208 6138 18 

Brazil-maize 
.lalbl, P1 imary 	 Wet 97 100 1293 8772 578 

Dry 50 125 1568 4983 218 

Puerto Rico-soybeans 
Isabela, primary 	 Wet 274 125 935 1024 10 

Dry 220 125 1287 2054 60 
Isabela, secondary Wet 234 125 2421 2606 8 

Dry 377 125 1037 1559 50 

Brazil-soybeans 
JaIbp;)rmary 	 Wet 236 125 1208 1811 50 

8 Opttrr utr r a tmenr applications of P and K are listed in columns 4 and 5; partial control treatment consisted of application of all nutrienls except 
P and K. 

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

Maize_____ ______ 
Soybean 

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 
-0.85 -0.85 9,401 5907 5874 8161 6874 5505 1375 2551 1311 1546 1574 
-0.85 +0.85 9,843 6402 6410 8257 8142 4654 734 2483 1194 1996 1795 
+0.85 -0.85 10,375 6028 5772 8004 8545 7159 918 2628 1637 1765 1589 
+0.85 40.85 9,750 6114 6411 7302 7748 6360 1024 2836 1324 1833 1723 
-0.40 -0.40 10,377 5967 6758 8082 7584 5982 1132 2804 1721 1944 1708 
-0.40 +0.40 11,112 6260 6364 7607 7952 5289 954 2673 1499 1742 1848 
+0.40 -0.40 11,287 6259 6400 7517 7588 6533 945 2927 1579 2155 2028 
+0.40 +0,40 11,441 5801 7070 6984 7714 6438 756 2804 1451 2010 1967 

0 0 10,560 5806 6138 8557 8772 5093 1024 2606 1559 2054 1811 
-0.85 0 10,565 5501 5118 6134 6600 4943 928 2341 1399 1645 1887 
+0.85 0 11,080 6365 5092 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 
Partial control 

6,530 
8,526 

3651 
3694 

4165 
5208 

4727 
6337 

1141 
1293 

1610 
1624 

996 
935 

2867 
2421 

1159 
1037 

1508 
1287 

1209 
1208 

Mean yield 
P treatments 10,649 6082 6225 7659 7652 5423 955 2702 1500 1854 1786 
Controls 7,528 3672 4686 5532 1217 2521 965 2644 1098 1398 1209' 39

I3 



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 hypothe,:., of 
transferability. This is the means of showing 
scientifically that soils of the same family re­
spond similarly to management. 

Three statisticians met in 1977 to discuss an 
appropriate approach and to formulate a ten-
tative statistic. In concurrence with a recoin-
mendation by AID's Research and AdvisoryIt was found that Committee, R. .. Anderson at the University 

equation could of Kentucky is conducting the theoretical
predict the yield studies needed to determine the method ofresponst for any prediction, to develop a valid test of the trans-
of the sites .. ferability hypothesis, to examine the statisti-

cal properties of the proposed test statistics, 
aLnd to apply the test procedure to Project data. 

One test of the hypothesis was ilade using 
regression techniques to predict the yield re-
sponse to phosphorus and Iime at any of the 
Benchmark sites included in this study. It was 
found that a generalized equation could pre-
dict the yield response for ally if the sites, 
provided terms reflecting the different aver-
age yields at the sites were included. Thus, a 
combined agrotech nology model describing 
the response to phosphorus and linv: 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-
mIation. 

ThisImplies that Adetailed discussion of the statistical test of
within the range the transfer hypothesis follows. 
ofexperimental An initial evaluation of the hypothesis of 
error there Isno transferability used yield and climatic data 
evidencethat from the thixotropic, kothermic family of 
a different Hydric Dystrandepts. , ;ze grain yield data 
response surface selected for this test came from five experi-
model holdsfor mental sites-three from Hawaii (KUK-A, 

40 each site. KUK-C, and HAL-B) and two from the Phil-

ippines (PUC-A an] PAL-C). (See Table 16 
for data.) 

The Combined Model Approach 

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

+ b1:+h"+PL 
where )"is the predicted mai/e yield (kg/ha);h,, is the "intercept," the estima,ted yield when 
P and L are both zero in the coded values (this 

is the center of the design)- h to b, lire 
regression Coefficients for the respective 
variables, P is the coded value of tile phos­
phorus differential- and 1.is the coded vtalueof 
the lime differential. 

If the transfer hypothesis is shown to be 
acceptable. then a separate response surface 
does not have to be estimated for each site, but 
one common response surface model will suf­
fice. Thus, the regression coefficients in the 
equations for the individual sites should not be 
different from each 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 ( I ) the response model sum of squares 
(SS) fitted 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 SS, 
the null hypothesis cannot be rejected. Since 
site variables affect yield levels, the appropri­
ate intercept value (b, ) for each site should be 
included in the combined model response str­
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 ofexperimental 
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 

Site 2: Palestina C (PAL-C' Site 3: Kukaiat: A (KUK-A) 

Treatment Site 1: PU!-A (May 1976 planting) (May 1977 plan ing) (August 1975 planting) 

Coded P Coded lime Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average 

-0.85 -0.85 4860 428 41 .,: 204)-19i9, N .IN)I,- 1 ,196) 4014 '1- / 

0 
40.85 

-0.8. 
-0.85 

4868 
4743 

5216 
5370 )363 

1)285122 
I H 

t5 
52 14 1 8 

,1164 
l 

Y/,1P-
1)1.3222 

), 
7'3Pl 

.. 

, 1 
,A, 

"U 1; 

-0.40 
+0_40 
-0.85 

-0.40 
-0.40 

0 

4107 
4930 
5098 

4963 
5393 
'1257 

4840 
4947 
4110 

11637 
5090 
4488 

N) I 
511 ( 
166:2 

9!)1"" 
):2 .1 

4/61 

1 
16410 
6118 

229 
5530 
5180 

6 1 J 
6339 
5745 

.'_(, 
4Q83 

1f) 
6 ) 
492,1 

5949 
5217 

0 
+0.85 
-0.40 
+0.40 
-0.85 

0 
+0.85 

0 
0 

+0.40 
+0.40 
+0.85 
+0.85 
+0.85 

5247 
4372 
5060 
5367 
5190 
4300 
4878 

5483 
5433 
5137 
5037 
5195 
4657 
1270 

4190 
5506 
4629 
4742 
40(, 
45i'-
6507 

4973 
5101 
4939 
5049 
4818 
4510 
5218 

5:2 11 
!,t52 
!,681 
1984 
4.62.) 
4992 
1-,921 

5009 
6507 
5101 
!'147 
5)3(38 
5387 
485-6 

4784 
66-. 
6036 
5530 
4837 
5301 
4671 

5035 
6266 
5606 
5320 
1942 
b227 
5149 

6360 
6179 
4890 
5728 
6049 
4669 
5917 

5979 
6245 
6532 
5228 
5309 
6102 
5924 

6070 
7226 
6883 
6031 
5466 
6533 
6017 

6136 
6550 
6102 
5662 
5608 
5768 
5953 

Site 4: Kukaiau C (KUK-C) Site 5: Halawa B (HAL-B) 

Treatment (December 1976 planting) (July 1977 planting) 

Coded P Coded lime Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average 

-0.85 -0.85 5935 I /1, 701),6 6689 623 8 793 8510 8042 

0 -0.85 7788 697.1 7973 7578 8271 9195 7860 8442 

+0.85 -0.85 7878 8411 8136 8142 8225 991 8 8721 8955 

-0.40 -0.40 59.36 7214 700 6733 8737 8157 9847 8914 

+0.40 -0.40 8505 7728 8044 8092 81012 8957 8105 8388 

-0.85 0 6353 70,14 6706 6701 8689 6884 8268 7947 

0 0 7468 8036 8862 8122 7881 8097 9683 8854 

+0.85 0 7453 7599 8130 7727 8642 8680 8378 8567 

-0.40 +0.40 6111 5588, 7494 6398 7297 8083 8730 8037 

+0.40 +0.40 7060 8870 7627 7852 7669 8530 8954 8384 

-0.85 +0.85 6482 4908 7523 6304 7010 7714 7897 7540 

0 +0.85 7132 7853 8438 7808 8374 8128 8652 8385 

+0.85 +0.85 7684 7676 8117 7826 8639 9339 8722 8900 
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Fig. 21. Although the response surfaces on Hydric Dystrandepts are similar, the yield leves of maize in Hawaii were greater than those in thle PFilifpines This refects the differ­ences in cimaic environment. We expect a similar response surface at our sites in Indonesia or any other Hydr ic Dstrandep. The; maniude of ho rt&,onse, howove, depends 
on site variables. 



priae interC(ept ,naV be used for all fivc .,. yields for the individual sites. These differ­

,,rid, inII Ois ,ci.e. tile response mIodel describ- ences in yield potential between sites will be
 
. the- vj., ,cSponse of niaize to phosphorus described and tested niorc precisely when
 
.,,lirx 1,ttngnsterable more complete data oil uncontrolled site vari­i sites of the 

,.S C I t;i v, ables are available in the equation.
 

1]',1 WIbtied estimated response surface
 

The Transfer Equation Approach 

' iii liI1101 Another approach to testing the transfer 

i, arus iIi p.ircntlcses are standard errors for hypothesis entailed determining whether or The differencein
 

!l re.ieti, in ocfficients. The intercepts not a transfer function, estimated from one the heightof the
 

Swere ( P (L-At, 5-1;7 IPAI.-(). 5980 series of expe'riments, can be used in allother fittedsurfaces
 

KI IK-~.. K;K-C. and 8517 tHAI.-B). area where experiments have not been carried ...reflectsthe
 
out. This Isreally the majorgoal of the Bench- differenceinsurfaces for tle Philip-I', tCd r'Sp, lMsC 

the intercept.
mi ,ii.21 1were calcu- mark Soils Project. To evaluate the transferi H.!. ii ,tes 


i,I' :, tin and the Ippropriate hypot lhesis with the five sites used, the trans­,qua 


,MCIcLL ,\A .IrkCd difft.rcnce, inyield level fer fulnc tion (the combined response surface
 

let, w_.t tt* ,wc,untrics is evident, along with the temperature site variable) on four
 

'A,Zl i i LM ti.it tht' h ,tyields were at- sites was estimated ,and then yields were pre-


I.', iT it' he h ich ,,phI spiI Irus and low- dicted for tile fifth site. The theory is that if
 
,t ..it tnt ciim.tii nloi.. There was a this "new" residual SS, called the transfer SS, 

•,:111,r )to sphorus and a has not increased over the residual SS ob­inarkcd rttspJIOsc phI 
rsc ,hme ,countrs a response surface ev.imated from
 

1Itk(rep~is ti Illin11Nth CLnries. tamed by arsos
 
Thc JIItterercc I th heiCht Vield) of the the actual data for the fifth site, then agrotech­

fitted surf.icc,, ,it ,c)iUntries reflects the nology can be transferred successfully. Thisthe 
StItcrcncie inthe intcriept. The intercept in- ratio of the transfer SS to tle residual SS is i
 

rICrItes the cftc, 4 ite variables such as newly-developed test that gave promising re­

tetmiper,ltre. sLir ridiat ion and so on. Some stilts for sites with values intermediate in the
 
,Of the -xpcrmrt'nCincluded itt this test were range of maximum daily temperatures.
 

instil led befrc weather instruments were These initial tests, then, have suggested that
 

,,mplctetv operat ionl. sit that complete agrotechnology can be transferred between
 
weC,,atlher data were not available for use. soils of the same family. A conclusive test of
 
A preliminary equation that included average the transfer hypothesis awaits more yield and
 

maximuIm Jail temperature near the time of site variable data as well as additional work
 
rasselilli' did not do iswell as the equation on the properties of the newly-developed
 

itll the i hdl iIntercepts in predicting statistic.udiv: 

SUXMMARY OF RESPONSES: 
VARIETY EXPERIMENTS 

Variety experirients are conducted in con- within the range of the soil family criteria In each country,the 
jucLtion w ii the transfer experiments in or- affect the variety used?" Thus, varieties of best adapted variety 
der to omripare crop response to treatment maize were evaluated for both their suitability of maize is grown; 
variables. The qt,estios are "How do the to the environment at the sites and their re- these varietiesare 
phosphorus arid lime or potassium applica- sponsiveness to phosphorus and lime or pr- recommended by 
uions affect trop yields of the variety or culti- tassium. (Nitrogen has now replaced bth localresearch 

var best adapted to the soil, locality, and the lime and potassium, see pages 23-24.) Institutions. 
treatment variables within a given network?" In each country, the "best adapted" variety 
and "How do factors such isthe presence of of maize isgrown in the transferexperimencs; 
different pests and diseases, local weatl-ercon- these varieties are recommended by local re­
ditions, and ther sotil and climatic factors search institutions. In additioln, varieties used 43 



Table 17. Best-adapted varieties or cultivars identified through December 

1977 (wet-and dry-season trials) 

Country Maize 	 Soybeans 
Hydric Dystrandepts 
Hawaii 'H610' 	 'Hill'a 

'TK-5'a 
'Kahala'b 

Philippines 'UP ,. Var. 1' 	 'Tainting 3' 
Indonesia 'H6' 	 'Shakti' 

'Harapan' 	 'Orba' 

Tropeptic Eutrustox 
Bra/il 'Pioneer X304 A, B, C' 'Davies' 

'Bragg' 
PLurto Rico 'Pioneer X304 A, B, C' 'Hardee' 

NOTE These results are not conclusive; further trials will be conducted as new varieties 
are bred, as Projiect ime permits. 
awet season onily. 
hDry season only. 3ayisj on creenirun trial; no loral test was construct j, 

in transfer experiments throughout the soil 
network are included in the variety experi-
ments during both tile 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. 
INTSOYmade Our tests to (late indicate the varieties or 
recommendations. cultivars in Table 17 to be the best adapted and 

most responsive to treatment variables. It ap-
pears that the 'Pioneer X30-T' 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. 
Maize variety tests will be continued to con-
firm tile performance of selected varieties for 
the transfer experiments. Restlts will sub­
stantiate future recommendations in obtain­
ing tile 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. 

/oize Tnols 
Four variety trials have been conducted on tile 
three primary sites of the Hydric Dystrandept 

network, one each in Hawaii and Indonesia 

and two in the Philippines. In tile Tropeptic 

Lutrustox network, three variety trials were 

conducted in Puerto Rico and one in Brazil. 

Hydric Dystrandept Network 
In a wet season trial in Hawaii, the Hawaii 
transfer hybrid 'H610' o1utyielded all other 

entries, including the Philippines transfer 
cultivar 'UPCA Var. I'. 'H6' and 'Harapan' 
were the most promising cultivars in I ndone­
sia; although 'Bastar Kuning' gave compar­
able yield, it was not u~sed 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. I1'outyielded all other 
varieties for both seasons. Results are shown 
in Table 18. 

Tropeptic Eutrustox Network 

In Puerto Rico, hybrds 'Pioneer X30.i 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, varieties 
were selected from a list of recommendations 
provided by tile Centro Nacional de Pesquisa 
de Milho e Sorgo (CNPMS), and again the top 
varieties were 'Pioneer X30i 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 DystrandeptNetwodi 

Taiwan variety 'TK 5' outyielded all others in 
Hawaii in the wet season trials; 'Shakti' pro­
duced higher yields in Indonesia; ind 'Tainung 
3' and 'Orba' outyielded all others in the Phil­
ippines. Results are shown in Table 20. 44 
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Table 20. Summary of yields (kg/ha) of soybean varieties for fertility treatments of iosphorus and lime thrrughout
the Hydric Dystrandept network 

Treatment 

Coded P Coded lime Variety 
ttawaii wet *sas) 1976-1.977 1 • 'F ' '" 

F i,,, A,ft 

/I/Uf.'j (hy. fl'mN1v77 25, 1976) 
Iit /1 1 ii:.il 

)irj l IIFlr'tO,!11~ K 0 ,LI tfm(itpc~prhI/,,]d f- h . ' 

tral hiba Brzi (plantedL, 

ilp ,,- 7 a i t i l 

Tropeptic Eutrustox Network 
I thic'rtIl I,'lij~v ,' , , uitsi 
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Table 21. Grain yield (ky/ha) in soy beanl 
trial,Jaiba, Brazil (plant d 
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defined for full appplication of the Additional imanagement experinments­
current state of knowledge and such as fertilizer placement, responses to fer 
techniques for crop production. tilizer phosphorus derived froin varlet 

The management and transfer experiments sources, and others-are plined. The Valli 

nU Underwiy will help define lels 2 ad 3 of managenent experiments will be ft,lly iC 
I fnuee d ldbe begn alized when the results are combnined wid 

by te Projct in 1978. It is expected that ter )ss f soil-srby tPro ct i 198.n 	 tistrte that~ em t interpretation and land classification. lihe inProject will dememnsrate thatmsanagemlient forinati n derived will privide dec isOinl 
s'stems inmlemen ted on (me Soil in one makers with alternatives for tle AgricUlttrra

The information region can be transferred to the same soil ill development i lining policy of their regOf
derived will a, other region. o penty. 
provide Whereas the procedures for conducting the r
 
decision-makers transfer experiments must be identical at all
 
withalternatives sites, the design of the management experi-
 The soil classification and char'acterization 
forthe ments is flexible, allowing the Project to re-agricultural 	 spend to host-country priorities and to local 

data, cro1p yield data, and cli matli)gica l datawill be processed by methods of mouhivar'iate
development. farnier needs. A philosophic framework for analysis to determine the desired lhnd l ,ten­
of their region 	 the nianagenient exp~eriments was developed tial. land capabilities, anild transferabilitv 

or country. 	 at the first annual coordinaton meeting of the infOrmationl. Local yield data, and land-
University of Hawaii and University iif Puer- Capability informarion, where tliey exist, will 
to Rico Projects in 1976. I)etails of tile be included in thi. data b'ise to imf'ovc (lie 
management research experiments are devel- quality of yield predictions at VariMs levels o(d 
oped by each participating cinntry. the soil classification t(ocover a hrgoer zr,m)u (4

Tiie management experiments deso'ribed soils ihan will be represented by the leichl­
indicate tile wide array of transferable infor- mark Soils Project network. \\'l ere s ini r 
mation that is being generated by the Proj- Soil indexes of product ion capa bilit is arc 
ect. These experiments may not only have determined by analysis. the iuforniatimi will 
immediate impact for the in-country small be translated directly thnl gh the suil linkage, 
farmer, but they may alsocarrygreater impact as a first approximation to p)NidIiCtion tairers 
for snall farmers living oil similar soils in for these soils occurring iii other tropqical and 
other tropical countries. subtropical lands. 

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

Philippines (UPCA Var. 1) 
Hawaii (HAL-A) ('H610) PUC-A PAL-ATreatm ent.. . . . . . . . ........ ... ... ... . .. . ... .. ... ... ..
.... .................
Treatment 	 Transfer Residual Transfer Residual Transfer Residual

Coded P Coded lime Wet 1975-1976 Dry 1977 Dry 1976 Wet 1977 Wet 1977 Dry 1977 
10.85 1-0.8b 5716 7223 5218 2049 385 2751 
10.85 0 6508 7889 5104 2121 2830 2975 
10.85 -0.85 6140 7567 5159 1987 2902 2950
-0.40 -10.40 5857 7063 5049 201,1 3878 2478'0.40 -0.40 5728 7244 5090 2452 '1148 2365 

0 f0.85 5545 6564 4519 1937 :3251 2110
0 0 5529 7547 4973 1992 3321 2985
0 - 0.85 (3062 7236 5122 2093 3023 3200

-0.40 10.40 5975 7904 4939 1979 2890 2329
-0.40 -0.40 5792 7320 4637 1760 3624 2731 
-0.85 10.85 5018 6030 4818 29171666 	 3326 
- 0.85 0 5202 6558 4488 	 23441595 	 2264
-0.85 -0.85 5563 6438 4623 1721 2149 2093
Comnplol(. control 	 3026 804 0 0 1625 1653
Pafr ti;l (:oitl l 	 4729 4295 0 0 1810 1178 

Moan yilI

P trmalrooir 	 5741 7122 4902 1951 3164 2658

48 (Coilirii)ls 3878 2550 	 0 - ---.-- 14150 0--- ..1718 
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This effect of weather on yield was reflected The severity of the yield limitation fromThe small farmer in similar soybean experiments in PUC-B and lack of phosphorus is indicated by tile ten-fold
with limited PAI-B (Table 23). A third, or second residual, increase in yield with the application of 3(1 kgresources can planting with sorghum in former m:aize P/ha. Yields increased markedly as nitrogenrealize relatively (PUC-A)large gains in yield 

and soybean (PUC-B) transfer ex- and phosphorus were increased to the maxi­
by applying small periment blocks resulted in a trend in grain mum tested ( 106 kg N,/ ha and 120 kg P, ha). 
amounts ofnitrogen yield similar to the trend in the transferexper- which gave grain yields of 6000 kg/ ha. Maxi­
andphosphorus. iments. The greater grain yield in PUC-B was mum yields for this soil were not achieved, as
Close planting due to the higher rates of phosphorus applied indicated in Fig. 23 by the increasing yieldwithinrows reduced to the preceding transfer experiments on soy- response curves at the highest levels of itr­yieldsmarkedly. beans in those fields. gen and phos1llrus. Infoirmation provided by

Similarly, Irish potatoes were planted on a this experiment suggests that the small farm­
former soybean transfer block at the LPH site er with limited resources can realize rclatively
in Indonesia. The trend (Fig. 22) in tuber large gains in yield by applying small anmunts 
yields was similar to that of soybeans. Only of nitrogen and phosphorus. 
small amounts of nitrogen (46 kg/ha) and 
potassium (.10 kg/ha) were applied to the 
rain-fed potato crop. 

Nutrient Source 
A commonly available source of fertilizer"con-Limiting Nutrients taining asufficient supply of nitrogen and 
phosphorus is chicken manure. A maize ex-

In another type of management experiment periment (Table 2-4) comparing ini,rganic
designed to identify limiting plant nutritional nitrogen and phosphorus fertilizer with chick­
factors, maize growth ano grain yield ( Fig. 23) en manure showed that yields from applica­
showed that phosphorus and nitrogen were tion of chicken manure were comparable with 
the two most limiting elements at the PUC those from application of low amounts of 
site. nitrogen and phosphorus fertilizer. This sim­

15,000
 
14,000. l Sbeon
 
13,000. Potato
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Phosphorus (P) -.85 -,5 -.85 -40 -40 0 0 0 +.40 +40 .85 +85 +.85 

Lime (COCO )a -.85 0 t.85 -.40 .40 -.85 0 .85 -.40 .40 -.85 0 t.85 

Treatment (coded levels)

Fig. 22. When pIhosph)o(ms is applied doin 
 orw year , its effects last for several 1mote years. Rescidtal I)hosphIorus froin previous50 transfer experimerils on soybeans was suiffici(,e for 	 high yied of poOt(s tihe next yeaM at LPH in Indonesia. 
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pie demonstration convinced tie Philippine 
1 hion (olI g It( , owner of tile primary 
site, to pl.it about 7 ha of corn using chicken 
i mu.llltre
obtained from the college poultry 

farm to raise feed for the chickens. Maize is 
generally not gzrown in the area because of 
very poor yields without phosphorus fertilizer. 

Solar Radiation and 
2lant Density 

*aizc grain yield in the Tropeptic Eutrustox 
network is gunerally greater than that oh-
taiied n Elie -vdric DVst ra nde pt network 
Ne-. ase of tlc isohyperthermic templerature 
rei ine in the former and tile isotherm ic re­
.ni::c the latter re-in (the isohyperthermic 
gmnic implies the availability of more direct 
sunlight, see pages 25-27). 
"o detcrmine the optinum planting den-

-,icy of maize for the most efficient utilization 
it riconing solar radiation in the Tropeptic 
1.,urrusrx netwo)rk, a plant popula ti(in and 
variety experiment with maize was designed 
and planted in.1a iba, Brazil. Maizegrain yields 
wvre found to be highest with plant popula­
tio1s of -. 60,000 plants/'ha with row0,000 to 
Spacings of 50 and 75 cm (Fig. 2*i). Close 
plati.L within rows, however, resulted in 
crrwding. which reduced yields markedly In 
-arie "Vreto Clonibia'and less markedly in 
variety "irano. In fact, Piranaoi appears to
th~rive 1t). high plant po)pulation with closeiinciahihpatpultowihloeK 

planting except at the closest plant spacing. 
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Fig. 23. The variables that affect yield the most are nitrogen and phosphorus: 
lime and potassium did not contribute to greater crop growth in tlhese 
Pxperimrcs 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) 

Inorganic ( q/'ihj) 

I,* ti) ',() '1 12 .' 
Ii 1 )1; t() t~ii) i)/ 

1) ;1() 22}2!1i) 1(.1:
 

Organic (tons fresh veiqht) 

70".'
 

r.
 

0 

Row song (Cr) )0 75 SO 75 t00 50 75 100 

Plnt spocir ] (cm t00 67 50 35 3 2 I 

Population 20,O.X0o 40,000 60,000 

52 

(plants,,'het) 

[q "')Z ,. A mal"(1 V,l11w k liill v ;I.;,011h ilk;O lti ll'-,1 ,lt,.vtli i illl isl, 
,All)lLm. i, Iitdolm?I ll", lilt,illlllw , 1111w~li l ,i' )l " Il., 
,d~ildbhh,Slitihill. 

., 

h 



TH E..GUSEFULNESS 
J.41ICATIONTO SOIL 

"NAND LAND CLASSIFICAION 

Effective 
.,
I h~, l ~int .agroproduction 

.4 ' . rki,,, in,.
", ,~. . t lit t. technology transfer
N >AIIrZC,! [I 1UC..HPIL11..~hitk ges on the 

international 
adoption of a 

\k ii' Pl - standard soil .,,. .,classification, 


,I}'(.\,V t.>,.uV '.i :}-.\,.,.system .
 

Ak ( In. A* 
fill, 

All these workshopsare concerned with
the application of 

I P h .t. ,, :,, }..\\.I(, ,. .,,,,, -,-,.i- Soil Taxonom y to 
.........,•tl .-K,,,1 I, Ir.t tropical soils. 

...
.w
........l -" 

53 



cneti dvinuperv 

by BSPIs being 
initiated in both 
Indonesia and thePhilippines. 

...... ............. ..... 


Indonesia already 

knows the farming 

practices used in the 

A nd e p t s o ils in J a v a 

cannot be 
transferredto the 
Ultisol soils in 
Su mnatra, 
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T ieo!hgia Kgurua n Advent (ITKA), (isa ma. 
Members of the comnmittee had, a chance to 
view the atmii performance of both maize 

and oyban rop..gred tht
Mid Sybean crop..Tile menmbers agreed that 
Cxpereintal findings obtained thus far will 
gto lhmng way in creating a positive impact on 
th. ltcal simall farimers and decision-makers. 

T6 c, ire a correlation of the Indonesia soil 
,atoiin system to Soil Tixonomj, and 

I te urio!in'l jg use of Soil 7!ixonomr to inter-
prv:t (il surveys of indonesia.SRI has ordered 
-) ip ir;s if Swi TXonomy for distribution to 

1andinstitutions involved in agricul-
k;.d rt-,earch and development. 
In .ddit itO the Bureau of Soils in the Phil-

ipp inc, has iode plans to utilize the concepts 
(i rec-the Benchmark Soils Project to make 

,111ncnvidatons on land utilization and man-
aemcint to the national government. Cur-
rent'l, soil surveys are being conducted 
thri ughout the Philippines. Key and exten-
S,e soils will be identified prior to implemen-
!tat
ion of field research activities, 

Soil Data Bank 
To)extend the concept of transference of agro- 
technology on the basis of the soil family in 
. Vii7xonom, to other potential users, the 
Benchmark Soils Project, in association with 
the Consor :uin on Soils of the Tropics (CST) 
and the Hawaii Agricultural Experiment Sta-
tion fHAES), has expanded their Soil Data 
Bank to include soils of experimental loca-
iatms in the tropics. 

The Benchnark Soil Data Bank is a compu-
rerized system of data storage and retrieval 
that can be used to perform standard statisti-
cal analysis for interpreting soils data for dif-
ferent uses. Soil descriptions are stored either 
as a text or in a 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 institutions and organi-

hemembrs apointztios 
zations have submitted a number of soil pro-
files with soil descriptions for characteriza-
tion and classification by Project analytical 
laboratory personnel. In addition, several or-
ganizations have furnished laboratory data 
and soil descriptions for inclusion in the Soil 
Data Bank. 

One of the objectives of the Project is to be 
a "storage house" of soils and soil- related data 
of the imrDortant agricultural research sta­
tions of the tropics. The Project, furthermore, 
will furnish the participants the soil classifica­
tion names, according to Soil lJxonom'.of 
their soils. The data will be reproduced in a 
standard format similar to that in the 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 
uses. 

The Data Bank can serve as afocal point in 
establishing an effective network of research 
stations throughout tile tropics For the first 
time, this allows participants-scientists or
planners-to 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 18-2 1, 
1978 in Manila. A major component of the 
workshop is the use of Soil Taxonom), 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 

Contacts with the tropical world and the in- programs, workshops, and coordination meet­
ternational agricultural communiv, were es- ings; attendance at international workshops 
tablished through the sponsorship of training and conferences relevant to Project concepts 

The Data Bank canserve as a local, 
serve salocal
In establishing

an effective network 
ofresearch stations 

throughoutthe 
tropics. 
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Conferences and Workshops
 

Workshop on Experimental
Design 

'lc '\'ork-,hcp on Extcriinental Designs for 
Prediclinti ('CtIr(PrductivitV Witi Environ­
,meiai auzd [:L<mnoinuic Inputs " was held at tle 
Iltnvl,.rsiv ,f Hawalii in May 197-1 and at-
Icnldcd by 8 pad inhentss.rof the United 
,tlc .1.1nd .br"id ill the fields of agricultural 

CC,+nHic, staltktics. soil science, and agricul-
C ,,

,nkal r scarch il tropical countries. Four-
Wcel p.Jpe. Swere preseinted. This initial work-
shqp tH thy lenchmark Soils Project was 
deU%.(,d Io (th: dicu.sWil ofthe research meth-

,tu,qiu ld 1he Cxpeti ncut designs to be 
cmop 1edthe Pi Jcts. Position pa-hN wi , 
pcr, b-, the 17ni' er rties ,f4Hawaii and Puerto 
Rio providud the framiework fir discussion 
i v.iriu aspecip,,f the approach and design 

td the cx prhnnt~i,; to be itiplcnanted. 

SCRiSATSeminar 

A seminar entitled -The Lts of Soil Survey 
,.ri CLissifica iihn in Planning and Implement-
in ii u pment in the Trop­,\ricuhur.ill 
i.c, ,s tk Hvderabad,.held at India, under the 
.tl,1)ics if the International Crops Research 
hl.,t;iue for the Semi-Arid Tropics (ICRISAT) 
in Janu.iry 1976. Contributions to the seminar 
were conpiled and gathered under tile title 
,i/ t ,,,' !)a for AriculturalDevelop. 

,,,;* 1"l. edited by ..1). Swindale, to be published 
by the Hawaii Agricultural Experiment Sta-
(Mon with funding by AIt.) as a hardcover book. 

Fertilizer INPUTS Project Meeting 

'Fil leenchmiark Soils Project was invited to 
participate in the "Review Meeting of the 
lerilier INPUTS Project' sponsored by the 
East-West Center in Honolulu in 1976. Partic­
ipants representing Africa, Asia, and Pacific 
basin countries agreed that the soil family 
concept would be an appropri,-te means of 
extending infortation from th INPUTS 
p)rtijct to other locations as well a. among 
OOperators within the project. Adop, ion Of 
this concept will provide a basis for foture 
comparison of results. Several participaints 
provided soil characterization and classifici-
tion data for use in classifying their soils at the 
family category (f Soil 'lxrnmym,. 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 tile 
Benchmark Soils Project participated in the 
"Regional Technical Meeting oil Soil Science 
Lltl'tlc, sointerest 
and Land Use" in Suva, Fiji in 1976. Particular 
interest was expressed by tile Fiji government 
in tile concepts of tile Benchmark Soils Proj-
ect, and members of the meeting agreed that 
governnents with important soils in tile soil 
families covered by the Benchmark Soils Proj­
ect should consider taking part in the pro­
gram to draw 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 I D. Swindale 
attended the CI.AMATROPS conference in 
Kuala Lumpur. Malaysia, August 15-20, 1977. 
The conference, organized by the MalaysianT c 
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 
Benchmark Soils Project-An Innovative Ap­
proach to Agrotechnology Transfer," coau­
thored by Swindale, J. A. Silva, and Beinroth. 

Hilly Land Development 

Workshop 
A.A. Briones and B.G. Cagauan, Jr., partici­
pated in the International Workshop on Hilly 
Land Development held in l.egaspi City, tile 
Philippines, August 3-6, 1977, and presented 
a paper entitled "Tile Soil Family is 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 
expressedparticular 

In the 
conceptsof the

Benchmark Soils 
Project. 

Participants agreed 
that the soilfamily 
concept wouldbe 

an appropriate 
means of extending 
information to other 

locations. 
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The problems of 
hillyland 
development 
closelyparallelthe 
research activitieson 
upland soilsby the 
Benchmark Soils 
Project. 

A common 
knowledgebase is 
essentialfor 
effective 
communications 
andagrotechnology 
transfer. 

proposed varicus research programs to study
the problems of hilly land development, which 
closely parallels the 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
laiod 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 Soil 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 Taxonomy. 
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 FAO/UNDP, the Uni-
versity of the Philippines at Los Baios, 
SEARCA,the Philippines National Economic 
Development Authority (NEDA), the Philip-
pine Bureau of Soils, ICRISAT, the Interna-
tional Institute of Tropical Agriculture 
(I1TA), and AID Manila and Washington and 
the Research Advisory Committee attended 
the meetings in the Philippines. 

Publications
 

The Benchmark Soils Project Quarterly was 
first printed in March 1977 to disseminate 
nformation on Project activities and on the 
progress of Project planning to in-country 
cooperting 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-Re.rource Data for 
AgriculturalDevelopment isexpected to be 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" byJ.A. Silva and F.H. Beinroth (Ha­
waii Agr. Exp. Sta. Dept. Paper 26). 
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LINKAGES WITH COOPERATING AGENCIES 
AND ORGANIZATIONS 

OffiCi , aLnd unofficial linkages are considered 
an e.. ential element of the Benchmark Soils 
Project. i thle course of site selection, con-
tacts were established with numerous institu-

tions and individuals in LDC's and in the U.S. 
These have already been mentioned in the 
previous section on the network of experi- 

unt sites (see pages 14-17). Tile following 
are status reports of collaborative linkages, 

Inrernarional lnsrirure of Tropical 

Agriculture (IITA) 
A memorandum of agreement between the 
Benchmark Soils Project, University of Ha­
waii, and the International Institute ofTropi-
c,1l Agriculture (IITA), Nigeria, was approved 
tbv both parties 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, 
Chief of the Institute of Agricultural and For-
cs!ry Research in Ekona, Cameroon, was con-
suited by both parties before signing the agree-
ment. Moormann also enlisted the services of 
G.W. van Barneveld, Manager of the FAO 
Soil 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 
been 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 ir ei.rly 
1978. A new agreement with IITA to assisitin 
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
Agropecuoria de Minas 
AGro ' ri dePAMinas 
Gerais (EPAMIG) 
EPAMIG is the Project's principal cooperator 
in Brazil. In coordination with the national 
research institutions, EMBRAPA, EPAMIG 
is responsible for all aspects of agricultural 
research in the state of Minas Gerais. The 

president of EPAMIG, H. Mattana Saturnino, 

full), 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-
all)' involved in initial negotiations between 
EPAMIG and the University of Puerto Rico. 
The administration and staff of EPAMIG have 

given the Project excellent cooperation. 

Empresa Brasileira de Pesquisa
Agropecu6ria (EMBAPA) 

The Project has established very effective 
working relationships with the Servicio Na­
cional de Levantamento e Conservacao de So­
los (SNI.CS) of EMBRAPA. SNI.CS 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 benefit. 

East-West Center 

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

The administration 
and stall of EPAMIG 

have given the 
cooperation. Viable 

linkages were 

developedwith the 
AID211dand 

INTSOYprograms. 

. 
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The Benchmark 
Soils Projecthas 
agreed to assist in 
soilclassification. 

It willffe 0termln,,dwhich systems of 
solclasifcation 

are usedIn tropical 
countriesand how 
they relate to the 
Soil Taxonomy. 

search, rroject 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 ofthese tropical countries may be added to the 
Benchmark Soil Data Bank. 

Hawaii NifTAL Program 
A collaborative experiment between the 
Benchmark Soils Project and the NifTAI. 
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 Hawaii 
sites. 

Consortium on Soils of the 

Tropics (CST) 

The Project is closely linked to and comple-
mented by the 211(d) grant AID/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 T7xonom' 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 Soil 
"ixonom'y. It is anticipated that the grant will 

create a keener awareness of the advantageous 
attributes of Soil Tixonomn, among LDC soil 
micn.tists. This awareness should expedite the 
utilization of project results in nonparticipat­
ing L.DCs. 

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, SR., and the University
of Hawaii, 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 responsi­ble for making the necessary arrangements
for tax-free entry of Project supplies and 
equipment to Indonesia. 

Philippines. The AlI) Mission in the Phil­
ippines facilitated clearances for travel of proj­
ect personnel by L.ane 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 with the 
Project and has had the opportunity to get a 
field tour and orientation of the primary site. 
Occasional arrangements 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 All) office for regional development at 
Yaounde, Cameroon will be contacted for 
assistance once tne 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 Ou,tre-Mer (ORSTOM),the Soil Conservation Service of the USDA, 
and the University of Ghent, Belgium. 
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An overview of the organization of the Benchmark Soils Project is shown in Fig. 25. 
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On the cover: Soil 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 family of Hydric Dystrandepts. 
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