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BENCHMARK
 
SOILS 
pROJECT
 

Dear Friend: 

The Benchmark Soils Project is an internationally based research project testing and demonstrating that 
agroproduction technologycan be transferred from one location in the tropics to another based on tile soil tmily 
classification in Soil Taxonomy. Earl), results of the research conducted to date on the tiansfer hypothesis indicate 
that this is true. 

This second Progress Report of the Benchmark Soils Project presents the results of BSP research from .January 
1978 tlrough.June 1979. (Results of previous research are fIound in Progress Report I, available from the addresses 

on the back cover.) Emphasis is on the verification of the hypothesis that soils belonging to the same ftinily, 
according to Soil Taxonomy, have a hologenous set of characteristics that can be used to predict crop response and 
performance under specified levels of management. Experimental results are presented only to the extent needed for 
the statistical and taxonomic interpretations. 

Tests to demonstrate dh(' validity of the transfer hypothesis are addressed from two viewpoints. First, an 
interpretative approach is used to predict crop yields by matching soil family characteristics to crop requircments. 
Second, actual yields are analyzed by itstatistical model developed to test the transler hypothesis. We have not 
reiterated at length the basic rationale of the Project or the generalities on research strategy and experimental 
methodology; h()r more detailed information on these aspects, various publications of the Benchmark Soils Project 
,':n bu reviewed (see Ap~pendix 3). 

While the immediate objective of the Benchmark Soils Project is to test scientifically the hypothesis of tile 
transfer of agroproduction technology based on information contained in the soil fhin ily name, the ultimate goal of 
the Project is to ensure that the world will be able to feed itseif. In the next quarter of a century, the -world wvill have 
2 billion more people to feed. There is little doubt that there is enough land and proper technology to produce 
enough food to meet the anticipiited p-opulation increase; but there is considerable doubt as to whether the food wvill 
be produced where it is most needed or be distributed in an equitable manner. Research efficiency needs to be met, 
and agroproduction technology transf,:r is one way to achieve research efficiency. 

Agrotechnology transfer as itmeans to meet the worlds food demand will reqire international coordination. 
A common soil classification system used by participating agencies and countries is essential, and a uniform 
procedure for making and interpreting soil surveys based on a common system of classification must be employed.
International cooperation in these areas will render decision-making for national and global food strategy easier and 
more accurate. 

We invite additional input and participation by organizations and country leaders throughout the tropics. Your 
comments and suggestions will be appreciated. 

/James A. Silva Fred H. Beinroth 
Principal lnvestigator/Hawaii Principal Investigator/Puerto Rico 



Goal 
The thrust of the Benchmark Soils Project is the acceleration and reduction of cost of 
agricultural planning and development in the less-developed countries through the process of 
agrotechnology transfer. 

Objectives 
1. To determine scientifically the transferability ofagroproduction technology among tropical 

and subtropical countries. 
2. 	To assist tropica! countries in assessing the potential of upland areas for intensive cropping

and intensive soil management. 
3. To demonstrate the value of soil and land classification in formulating agricultural 

development plans in selective areas. 

Activities 
1. Establish and complete the network of soils. 
2. 	Establish, install, complete, and analyze transfer experiments. 
3. 	Establish, install, complete, and analyze crop (variety) and soil management experiments.
4. 	Analyze information for soil interpretation and land evaluation. 
5. 	Disseminate principles, concepts, and results. 

Correct citation: Benchmark Soils Project. 1979. Development of the transfer model and soil taxonomic interpre­
tations on a network of three soil families. Progress Report 2 (.an. 1978-June 1979). Department of Agronomy
and Soil Science, College ofTropical Agriculture and Human Resources. University of Hawaii, and Department of 

Agronomy and Soils, College of Agricultural Sciences, University of Puerto Rico. 80 plp. 2 
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Highlights of Progress
 

Establishment of a Network of Benchmark Soil Families 
Thrc sofIl ta ili s from upland areas that have the potential to be productivC under appropriate management
practices were selected to test rhe hypothesis of agrotcchnology transfer. 

* Dctailed soil surveys wereconRIductCd inninc cOunrries, 

and a network oftirc soil ftinilies Ias been esibljishel 

on 2 cxperini tia sites iT Brazil, Caincroll, Ilalwaii. 

lndoCsia, tle Phili pints. and Pucrto Rico. 

* The ntwmrk of' HIdric lDystrandpts is fully opicra-
tional; field operatins art in progress ilall nine sires, 

liitrUiN ' 

with tlw additiOn Oita site in Puerto Rico; experimnts 
are in prgress oIall cight sites. 

0 The network (t iropept it was comnpletcd 

* The network oflvypic Paleodults is nearing completion 
with sitcesrablishmint and field operations in lndrOesi. 
and tie Philippincs: i. m'noralldUnl oIfUnderstanding 
was approved in Cameron, anod fihl (pcrati(s are 
expected to begin in Caneroon by 1980. 

Development and Successful Test of a 
Statistical Model for Agrotechnology Transfer 
Initial statistical tests on tile Hydric Dystrandepts were 
hyppthesis ofagrtcclinol gy transfer from (ne loca ion to 
be verified ind that crop respolnse can be predicted. 

" A total f"I8 tiansfer .xlcrionenrs werv t0dLtLtCted o(Itile 

three so il fInilies from Jan. l9-8 to June' 19"79 to ,cen-

crate data for statistical tests Of tile transfer hlpotlhesis. 


" Tile statistiCl test of [te tranifer Miodel c01(bilTs data 

of'fx eriIn en tsfrofll diltfere nt LAL tIriL(r Iolleies and sites oill 
fiiilv alnd predicts the vicd responst t iaize at an-
other sitt .f tThe saie soinfaiT1ilv. 

* Early tests of [t.model ,oithe IIldric l)ystrandepts 

were' successful. 


* The Project th.iioistrattd that there is a similarity of' 
respionse to p osphorus insoils that art widely separated 
but are within a cinimnli siil faInilv. 

released ill 1978 and in 1979, suggCstinlg that theL 
aiother o tie basis ofthce soil fimnilh will very likely 

-PliosphorsI was required on IHldriL Dystralndepts to 
a chieve acceptable IliZC vieds, anlldresp(nseit 1 i­
trogen\was et'nerally marked tlTrouglout tile lydric 
Dystrandept network, .spccIavat the hightest plos­
phorcs rates. 

-On the Trop'ptic l'utrustox, the tralster expe.riients 
produced the highest .vidsto date: 12 nietric tols/ 
ha. Less phosphorus is rCeluired for acteptab., ifaize 
yields oiT thTe TropeptiL Eutrust (x than oi the I tydric 
Dystrantepts. 

-ielLs On the Typic Paleudults \w.erC pitlarahle to 
those of the Hydric [)ystralmhepts withi marked re­
sp,se to nitrogen aind phspho(r us, -speciall v (il til 
Indonesia sitts. 

Demonstration of Soil Taxonomic Considerations 
A nonstatistical approach to agrotechnology transfer through soil taxonoinic considerations was compileted. and 
is compiled in this Progress Report, as an example ofpredicung crop performnance through Soil Taxonomy. It wsts 
demonstrated that the tjuantitative determ inations tr soil .and environmental characteristics used in Soil TIN­
onomy lend themselves to evaluating criteria for land tIali 

0 The Project confirmed the expectatim that tie cool and 
wet qnviroinient of the Hyvdric DystrandCptsI limits tie 
available photosynthetic energy fr cr.,p proluction. 

* The Project confirmed the expectation that the Tropcp-
tic Etrrustox yields would be highest of the three soil 
tamilies because of the energ) available in tie warin and 
dry environment inferred by the tenperature and nllis­
ture regimes defiited in Soil TAxonomy. 

ies for specific linld use. 
* Tht Project conTfirmed the UX11cttitti tht tielyie ds of 

the Typic PalCulnts would be lowcr than the Frllpeptic 
EntrUstox. The Typic PaleuduIts ha\ve a warm alind 
hunid environment. 



Compilation of Crop and Soil Management Information 
Crop, soil, anI weather data for transfer, management, and variety experiments were compiled and stored In the 
Benchmark 1)ara Bank for application as the data bank system is expanded. Information on variety and manage­
ment trials was transfe.rred to local governments for in-country Use. 

" A total of I I varicty trials wcrc conducteid on primary * Residual fertilizer experiments effectively demonstrated
 
sites iftall three soil inilies. that phospholrsaI I1ication iseffective for several crips,
 

" Results on the IldNricL)ystraudpClt network indicate and thuLs the netcost of fertilizer per crop is reduLced
 
thaltle best-,ilapted lOcal variety, nut a universal 'at- (Hydric lystrandepts).
 
riety across sites, prs' idcs thc best assessment of yield •Addition of, iarniard manure or corn stover with ap­
pitential at a Specific sire. plied phospht Irus ,roducd higher yields than either
 

" ResuIts on the i ropeptic l-itrustix network indi cate organic material Ali.ie (H-Ivdric Dystriandepts).
 
thatit oninmon variety exists ftr all sites across the net- 0 Initial results fromin
placeineiit studies S1I015promise for
 
work. devel iOpitg simlifid ftertilizer application techniquts
 

• A total of 32 managenient experiments were conduIcted toimaximize return from siiall pihosphoru s applicatiois
 
)Ii Allthree soil tfanilies. on soils with high plisplhorus fertilizer requirements
 

• Nitrogen anid phosphorus were found to be the most (Hydric L)ystrandepts). 
Iliting nIutrients for maize. and iphosphiorus and I' [its- 0 Plant population or dcnsity rediuction reduced grain
 
sim, as wVVllas 1IIlybdeiium , were limitie, nutrients yield per i'rea but increased yield cominpolneIts, such
 
tur soiibeans (1-yd ricDystrandepts). as grain weight per plant and numbet of ears per plant
 

(Tropeptic ELItrustox). 

Development of a Framework for a Model Crop and 
Soil Data Bank 
The crop amd soil data bank was enlarged toiinclude a weather data file. A combination of the three files is being 
systematized to provide a framework for the devehipment of an interpretation data file. 

Establishment of a Network of Cooperating 
Countries and Agencies 
The Project has hiid an important role in the growing network of communicating and cooperating research 

lnStitutiolILIs oi the fiood problems of the tropical world. 

* The Project has entered into cooperative agreements * Proiject personel organized the Second International
 
with iye agentci isitttiiis aimd est ablisIe linkages Siil Classification Workshop in Malaysia and Thailand,
 
with three international agricultural research centers. Augusr-Scpteiber 1978, under a special grant from
 

•Project personnel participated in planing and iirganiz- the U.S. Agency for International Development.
 
ing thI'international c infre nce on the Operational In- PCA RR( Philipp ine Council fir Agricultural Resources
 

plications hf Aur,,teliniolgv Tramisference Research that Research) and SRI (Soil Research Institute), cooperating
 
was held at Ityderabakl. India, by ICRISAT (Interna- ageuies in tile Philippines and Indonsia, convened
 
tional Criips Research IInstit utC for tme Sem i-Arid Advisor'y Committees to pri'ide guidance in the con-

Tropics) in Octiber 1978. iluct of regional programs by the Project and to serve as a
 

* Project persiniel vere iivited to assist inplanning the bridge between host-cuintry scientists and planners. 
February 1981 Otifcrence on Soils with Variable Charge
 
to be held in New Zealand under the auSpiCeS 0t tile
 
lInternatiomal Society of Soil Science and the New
 
Ziealand Soil Bureau. A full diay at the symposium imas
 
been set aside fr the Benchmark Soils Project. 
 5 



Promotion of Awareness and Utilization of Project Concepts 
Dissemination of results of research and the theories and inplication; of the Project, through participation in
conferences and through publications, has stimu,latcd interest in the Project and catalyzed utilization of the 
concepts in various areas. 

* The mailing list f'or Proje.ct publications now numbers 
over I.iOM people in inure than 50 countrics. 

* Expressions of' intcrest have been received frmi aFnum-
ber of coIt tieS, including Haiti and Rwanda. 

* Brazilian officials of FNMBRAPA ('mpresa Brasilcira ie 
PestIiuisa Agropccuilria) asked Project personnel ior as-
sIstancc in establishing ,i strategy to utilize ie Benci-
mark Soils Corct t in Brnzil. The' visual ze the linkage 
rrt atnational netwrrk witl an internatitnal ictwork of 
sorils. 

* Intdonesia en\isors,ivtcr 200 irr-cutntry agrir ItirI ic-
velopment centers. Centers have already been Us-
tablishd in Centra aitd \Wcstjavia, integrating various 
.igriurilt ral disciplirres to test food crops tr suitability 
fir hItal firmers. The Ccnttrs are sitia teti Oin bencIm ark 
Mrid extensive soils o)ba particular area. 

* SRI (Soil Research Institute) ihis also iiIrtCd ,I utna,,l 
liencihmark Soils network with ',c establishment of an 
experimental f-artin Ir South ,.imatra, wihiir hhas been 
operational since early IN98. SRI Ihas becr rcImdCtiig 
soil surveys in Sumatra to id rItily stils 011 \which nin 
atgricltuiral res.aitLh tot Situarted; thesestatints are , 
stations may becmlc part (ita national liCtIhroark Sotils 
network. 

* A joirnt proposal for die classiiitaiurr of Phiilipiirr soils 
aid the use fitaSoil laxrrnirv tfo *gr.orcrhlohgv trars­
te r was preparCI by Plililppin Project petrsonnel rid 
representatives from lSiP-co(tler.iti tigagncties, the Hu­
reaumi of Soils ard CARR (the Philippine ( 0.rcil for 
Agriculture and Rcesore s Researti) anid the rLriecrsity 
ofbtic Philippines, Ltos Bailos. 

Development of Training Packages for Soil Taxonomy and
 
Agrotechnology Transfer 
Awarness of Projct goals har. err disscrn rriatcL tIrogi 
Agrotecinogy Tranfer. 

* Thirteen selected sril surveyors representing each irfthe 
desigIated agrictltural sectors tib the Philippines at-
tended a wirkshop ion SoilIlixnimy, its use anid impli-
cations to agrotccIinolgy tra nsf.r, devlohpcd and spitn-
shred by the Benchmark Soils Proiect. A similar work-
shop is planned ftr 1980 in IntliCsia arid ftr 1981 in 
Cameroon. 

the dcveloprniit tf a train ing program on Soil iixnimy and 

0 The inmediate impact if the ssr rkshtp was the surpport 
expressed by the Philippire govr:rrnr t rgencics fir a 
ctordiinatCd plan fir the particiiparts ti svstematically 
classii sioils at tire exItrirnent stations in each region 
according to Soil 'Ihx'tirrs. 

0 Seven grai uate stutderIts are sponsored I)\ the BSP at tie 
University Orf lawaii; upon ciopletiuIrn rftheir studies, 
the students will privide cortirriring utilizaition Of the 
Project c r:pts aind adaptation to fututr natitoal 
nIeeds. 
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REFERENCE BACKGROUND: 

Rationale, Intent, and Perspectives
 

Since agricultural experimentation is both expensive and time-consumir g, 
it is necessary to reduce site-specific research and capitalize on agricultural 
experience gained elsewhere. The underlying rationale of the BSP is that soil 
arid crop management knowledge is directly transferrable in the tropics on 
the basis of the soil family as defined in Soil Taxonomy. The basic assumption 
is that information obtained from a soil family in one country can be applied 
to sites on the same soil family in the same or another country. Earl), results of 
the research conducted to date on the transfer hypothesis indicate that this is 
true. The ultimate objective iF tihe development of a model of agrotechnology 
transfer based on soil interpretation and land classification to assist in en­
suring adequate and equitable food production throughout the tropical 
world. 

Recent events, especially the World the yields per unit area and in the acreage of 
Population Conf'erence held in Bucharest in 1973 cultivated land. 
and the World Food Conference held in Rome in Time has shown chat the extrapolation of 
1974, have brought the food and population agricultural experience from developed countries 
problem of the Third World into sharper focus in the temperate zone to less-developed tropical 
and new prominence. It is obvious that effbrts to countries has met with little success. One reason 
confront the steadily worsening food situation, fbr the tailure is that many soils of the tropics 
especially in the tropical world, must consider have properties that require management 
the fact that fossil fuel shortages are no longer practices unique to these soils, which do not 
vague predictions but a reality, and that markd necessarily conform to the known practices for 

soils of the temperate regions. This implies that 
"Soil Taxonomy descriu-i sprocedures fo, the process of'agrotechnology transfer to less­
identifying similar soils in similrr environnents developed tropical countries must take place 
on a global scale." predominantly within the tropics. 

To assist in the transfecr of agrorechnology, the 
increases in the production ofagriciltural Benchmark Soils Proj*et was established by U.S. 
commodities will be restricted in many areas Agency fu)r International l)cvlop,;ent Contract 
by the high cost of chemical inputs and by No. Al1)/ta-C-I 08 with the University of' 
limitations in the environment. It is becoming Hawaii ii,-L97-i and ('ontract No. Al )/ta-C- 1158 
evident that to meet the required food production with the University of Puerto Rico in 1975. 
growth rates for the developing market, the Both prjects have been extended to 1980. 
productive capacity in LDCs (less-developed Sites were established in 1975 in -lawaii and 
countries) must be expanded by increases in both Puerto Rico; in 1976 in the Philippines and 8 



Brazil; and in 1977 in Indonesia. In 1979, in the tropics and developing a methodology 
steps were taken to establish sites in Cameroon designed to assist LI)Cs in effectively and 
(Fig. I ). ile network encompasses tiree soil appropriately utilizing their land resources for 

iam il its that are of importance in the increased and better quality f'()od prodtiction. 
tropics: the thixotropic, isothermic family of As it result of Project research, these countries 

I-lvdric D.vstrandepts; tile clayey, kaolinitic, will bypass three major constraints: scarcity of 

isohyperthermic fimily of'Tropeptic FLutrustox; qualified research personnel; insufficient capital; 

and the clayey, kaolinitic, isohyperthermic falily and, above all, lack of time to close the widen­
ofTypic Paleud ults (Table I ;3.c Progress ing gap between agroproduction and food 
Rep. 1, 1978). requirements (Fig. 2). The challenge is to 

The concept in question is whether increase food produIction to match the rising 
agrotechnology call be transferred from one population pressure in a timely manner. 
tropical region to another tropical region on the If proven correct, the concept wvill have a 
basis of Sl i Tax moray at the soii family Ivel of profound efhict on food productioin in the world: 
classifiat ion. To1test tie transfer hypothesis, a millions of dollars worth of research in formation 
series of crop prodiction and soil Imanagement produced by thousands of' man-year efforts will 
experiments are being conducted in all three be available for immediate tapping; costs of site­
soil tfamilies, specific trials all over the world will be saved; and 

The thrust of the Project is the acceleration itworldwide network of expertise to expedite and 
and reduction of'cost of agricultural planning and provide needed informatioii fir development will 
deveoIpmlent ill the less-developed countries be established. 
(l.)(;s) through the process ofagrotechnology The basis for the Benchmark Soils Project 
transfer. Thus, the Project is testing an is the soil family, as defined in Soil Laxonomy 
innovative approach 10 agrotechnology transfer (Soil Survey Staff, 1975), which contains the 

BENCHMARK|"Z SOILS 

~~PROJECT 

€, Tropeplic Eutrusl:)x 

STypic Paleudults 

kY 

' _ 

( 

, 

t 

. 

23. -- - 23. 

Fig. I. The three soil family networks inl the Benchmark Soils Project. 9 



Table 1. Soil family network of experimental sites 

Reference Tyne of Milestonea 
Location Site abbreviation experiment achieved 
Soil Family A: thixotropic, isothertnic Hydric Dystrandepts
II-tava ii N~iulii, hde,' Nofthl Kohijla, :, iiIOLL Primary 

Kul ;iiaw, ltor ol,,iai, ll~ivmii KU K sf (: Iidar y 

Philippines 
Nijlii, llaIa. Ntith Kfuhala, Havaii 
Philippilit: Union ColhoI, Palim:tjasori, Naga City 

HAL 
PLJC 

Secoidaly 
Primary 

5 
5 

Indonesia 

Palestina, Pill, Cwnttat ins Stir 

Borabod, Callal)lani, Catuniis Sur 
ITKA, Cisar ai,avi 

PAL 
BUR 
ITKA 

Secondary 
Secondary 
Primary 

5 
5 
5 

PLP, Lentltairq, Java PLP Secondary 5 
StntJmng, Cipattas, Java LPH Secondary 5 

Soil Family B: clayey, ka0li7itic, isohyperthernicTropep tic Eutrustox 
Pijer o Rico Isabela ISA Priniary 5 

Bra/il 

Isahola 
IsnbIla 
Pal anni, Jaila 

ISA-2 
ISA-3 
PAR 

Secondafry 
Snconcldary 
PimHany 

5 
5 
5 

Hawaii 

Bahia, laiha 
Ceafa, Jaliha 

Moaolnal,rvlnfolka 
kAj 1 io, Cal t 

BAH 
CEA 
MOL 
VWAI 

Sitniondary 
Snionidal y 
Ptimary 
Stconrdaryt 

5 
5 
5 
5 

Soil Family C: clayey, kaolinitic, isohyperthermic Typic Paleudults 
Philippilles Davan, Mitnldumto BPI Prniraly 5
fith.nitisia Litilmtt*t, Soniilh Stitiaita NAK Primary 5 

Lamtttng, Stottl Suttm ra BU K Seconidary 5 
Lampting, Sntilth Sumatra BPML Sin nindary 5CJrlwn oon Bat on hi- K,ttq CAM Priialy 3 
Southwtest Pl ovhnc CAN Secondaiy 3 

a6M;Ilesthn 1 : ;ni soilurvy tnititi d; 2 !;oilsurvy conlhpltd; 3 = agrueme nts sigred; 4 = site preparer and stafed; 5 ' xperinens underway; 6 
'txperiments compleh '. 

= 

criteria for identifying similar soils in similar tle soils of the world into relatively narrow 
environments on a global scale. The groups, integrating the environmental (climatic) 
book's publication in 1975 made it possible information that is important to plant growth
and profitable to assemble soils information with the physical and chemical characteristics 
in a systematic and standardized way for soil that afftect soil respon0-e to management (Table 2). 

Thus, the soil tIhini ly name constitutes a
"The Project isdeveloping a methodology condensed scientific statement that integrates
designed to assist in effective and appropriate the knowledge about a soil with its environment 
utilization of land resources." (s,, Ikawa, 1978). Soils classified in the same 

fun- ily, therefore, should have nearly the same 
interpretation and land-use planning on a global mianagement requirements, a common response
scale. Its wide acceptance and its comprehensive to cultural practices, and a similar potential for 
and quantitative nature make Soil Taxonomy a crop production. 

powerful tool tor agrotechnology transfer within The primary research objectives of the
ind illlolng tropical countries. Benchmark Soils Project are to test the hypothesis 

The soil fam ily was selected as the basis for that soil managem-lent and crop production
the transft'r ofagrotechnology because it stratifies knowledge can be directly transferred among 

10 
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tropical countries at the soil amily level of'Soil 
'xonomy and to establish that th- behavior
 

of tropical soils and their p)tential ri r food
 
production under various levels of management
inpu)Lts Can be predicted onl tihe basis ofsoil 

taXOnlO(il Iu inits. 

Implicit intlhese objectives are the 

substantiation of tlc value of soil survey k 71 
-
and classi fication for land-LS, r !anning and V
 

the resting of tle valid ity )f the established
 

taxi)nomfic criteria. FOr itlimited number of'soil 
families, the Benchmark Soils Project is fuirther 
attemnpting to indicate management alternatives 
that conform to the ccono;nic decision-making 
environment of small farmers in tropical LI)Cs. 
An operational mo del for the statistical test of' 

the transfer hypothesis I,.s been dcevelop I by tile 
Benchmark Soils Project, which appears tocon i r oiln ~ e ed u t l :o)o now b e ing g ro)w\ '] l i[ 
r a x t o n l sr s h a \ e b li 
 d c rojps are n in South S umatra in
 
confirm what soil taxonomists have hel iCed but areas that wm:re previLsly used 0Inl f()r such
(ree crop., 

have never verified-namely, that similar soils as rubber and clovus.
 
respond and pcrfirm alike. 

Official linkages exist between tie Project and 
host-countr\ cLoperating agencies: 

" Fmnpresa de Pcsiuisa Agro)pecuiria cle
 
Minas Gerais (EPAMIIG). Brazil
 

" Office Nitional de fItRecherche Scientifi­

( uc t Techniujue (ONAREST), Cameroon
 
" Philitppine CouniI for Agriculture and
 

Resources Research (PCARR). Philippines
 
" Soil Research Institute (SRI),Indonesia
 
* University of Ilawaii (UH),USA
 
* University (fPuerto Rico (UPR), PER-MEN S
 

Puerto RicO Site I in
 
Soil farnmily A
Coflaboratiim and informal linkages also 

exist with Empresa Brasileira tI Fescijisa E I 
AgropecuLIria (ENILB RA PA); the International 
Institute of Tropical Agriculture (11A); the 
international SoObean Program (INTSOY); the 
Consortium On Soils of the Tropics (CST); the 
I..ternational Crops Researcli lo1stirute for tile 
Semi-Arid Tropics (ICRISAt );the Fertilizer 
INPUTS Program (Increasing Productivity Site 2 in Site 3 in Site 4 in 
Under Tight Supplies))of the East-West Center; Soil family A Soil family A Soil family A 
tile Office cle lItRecherche ScientifiqCue et 
Technique Outre-NMcr (ORSTOM);the
 
International Fertilizer Development Center 
 Fig. 2. As a result (o"Project research, and with the 
(I1'DC); the Southeast Asian Regional Center for verification of the transfer hIp ithesis, the major con­siraint,, of time, mnoney, and manpo-wer will beGraduate Study and Research in Agricultui - mininmized as planners begin to use soils and cro; data 
(SEARCA); the Hawaii NifTAL Program gathered elsemshere. 1 



Table 2. Criteria for classifying soils using Soil Taxonomy (Nitrogen Fixation byTropical LegunSl, 
(inworksheet format) Contract No. AID/ta-C- 1207); tie Soil 

K ae tConservation Secvice f USDA; FAO of tile
Keys and differentiae Soil taxa 

------...-.. ....... ... . .. United Nations; and various All) M issions.
.... 
Diaiinol whii - ..... Order: Agrotechnology transfer as '.1means to meet tile 
Moistin, w*1.1oi, world's food demand does require international 

1ii aW i . . . coordination, and an international coordinatingIitial ~ll 

lNli iii(iilthly iiritall~a
 .,,n .. . .l - .t....... 
 body nLust be f-irmed to fulfill this need. The role 

A.LI() ------- fthe coordinating body should be to enable tile 
Milr Se . Colntries with probable fo0od deficits to exploit 
Api-------- O-t the full agricultural developennt capability of 
May---------- Nov the world. To achieve this goal, this body mtLSt 
•Junl ... .. .. . Deec: = Suborder: _ _ _ 

ensure that (1) a common soil classification 
Base statIs: system is used by all participating agencies and 

Toltal S.. ...... .... countries, 2) uniform procedure is employed 
Ctit i tn0 c'apacit/: ......... =Great group: for making and interpreting soil surveys based on 

IeIniperatut, qine: a common system ofclassification, (3) inter­
mel.al iltlLnl teiiiperiture:'..... national soil correlation and qualitN" control 
Jean Juonihty ; is maintained in soil surveys and land evaluation,len;tlai.re 

JA - -- J l . ('0) a uniform and reliable procedure is employed 

Se.. -----

Apr . . Or ----- means of storing, retrieving, and displaying crop 
May . Nov .- - performance data is established. These initiatives 
June........ Dec ..... . Subgroup: wvill promote economy of thought and action and 

Mar .. Sep for developing crop pertormance data, and (5) a 

M.eafn annuIal soil tiperature at will render decision-making for national and 
50-cm deph ..- . . global food strategy easier and more accurate. 

Soil textiur ..... 

Soil Ini0eralog _ . 
es tima ted percentage of 
kaolinite ....... . . .
 
halloysite.
 
ox ides ... ...... .. . . .
 
nmoritmorillonite .. . .. .
 

0loritc ....
 

others ... Family:
 

Location: township, village, barrio, desa Series: 

'Over a30-ear period or the maximum oeriod available. 

Although widespread in the tropics, downy mildew has
 
been fiund to have negligible telect on crops in a cool,
 
isothermic temperature regime. In areas with isohy­
perthermic temperature regimes, such as this site at
 
Java, Indonesia, an entire crop can be destroyed by
 
downy mildew. Here, affected plants are weeded out m
 
prevent further infection. 12 
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B4SIC DESIGN 

Research Strategy 

Effective technology transfer hinges on horizontal information exchange
 
among nations and vertical delivery of appropriate technology to the farmer.
 
Two kinds of experiments, transfer and management, are conducted
 
throughout the networks to meet thcse needs. Variety trials, a third type of
 
experiment, are conducted to evaluate suitability and compare crop response
 
to treatment variables. Rigidly controlled, standardized procedures and
 
guidelines are fifllowed for field operations, data collection, and data
 
processing. \Veather parameters are monitored at all sites. The statistical test
 
of the hypothesis of transferability of agrotechnology among soils of the same 
family is the pivot around which all the activities operate. 

The strategy of the test of the hypothesis transfer, experiments are designed to digest 
is to conduct a series of identical experiments horizontally transferred information and render it 
in phases of the same SoilitarnilyN and to monitor socially and economically appropriate for local 
Lrop performance. The research design and assimilation. 

ethodolog were developed Inconcurrence Fig. 3. In the Benchmark Soils Project, two types of 
with the recommendations of the Workshop on exi-wriments, transfer and management, have been de-
Experimental Design in 197,1 (Silva and signed tO study the horizontal and vertical components 

Beinroth, 1975). of agrotechiloh)g transfer. 

HORIZONTAL
Horizontal vs. Vertical transfer of basic information among nations 

Transfer 
Two components are essential to the process of 
transfer: a horizontal component that delivers 
basic information and technology to and among 
nations, and a vertical component that delivers 
technology tailored to local sittations to the 
farmer (Fig. 3). In the Benchmark Soils Project, 
two types of experiments, one for horizontal and 
the other fbr vertical technology transfer, are 
conducted. The experiments related to the 
horizontal component are called "transfer" 
experiments and are designed to test the 
suitability of the soil family its VERTICALan instrument to 
transfer physically appropriate information and delivery of technology 
technology. The "management," or vertical tailored to local situations 13 
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I.I. Lilags aniong et iperating Cll ttries in the Benchmark Sotils Project ct rrentl. jiel Ide 21 experinental
sitcs ()pcrati uial iII three sil faiMilics. The t\\.(sites each in (aicroom and the Philippines \Nill be operational by 
earl\ 1980. 

Network of Soil Families potential site in the COuntry. As appropriate soil 
families were identified, drawing up an 

Three soil finn lies from upland areas that have agreement with the co1Un1try was necessary to 
the potential to bc productive under proper permit detailed soil surveys at the proposed sites. 
manageiment practices were selecteI to The Project soil classification specialist surveyed 
test the hyp tlhcsis: the thixo)tropic, isothermic areas which were probaly in the appropriate 
-lydric l)vstrandepts; the clayey, kaolinitic, timuiflies and collccted soil samples. Soils were 

isohyperthrn ic Iro)leptic FJItrustox (which characterized by laboraitory analysis and 
is the link betwMee the l1awaii and the 'uerto classified in to appropriate fanilies on the 
Rico Prl)jects); idthe clayey, kaolin itic, basis of field and laboratory data. As appro­
isohlperthernic Typic PIalIdulIts. priate familics were identified, a 1t. g-term 

l111ein12rdutMLll of agrecemnct was negotiated with
"Management experiments are designed to the cooperating country 1(Wr Lse.of thle site alld 
digest horizontally transferred information for joint pairtir ipation in the Project. For each 
local assimilation." cooperating country, a project leader was trained 

in Hawaii in the agronoin ic merlitds to be 
Estal-ish ig he netwt rk re] nired, for tollowed and then assig ned to head the country 

each cooperat in g ctu111try, atc )m bination of project on t)catitn. The site was cleared arid 
negotiation, soil strvey and classification, and tilled with macliine anl hand labor, and storage 
training. This included conductiln., a library facilities were constructed. 
search of soil survey inftormation for a pi'rticular The network of experimental sites includes 
country, contacting the country soil surveyor, ani three soil fiim ilies with a in inimuin of eight 
conduct ing apreliminary soil survey at the experimental sites per family (Fig. 4). 14 



Experimental Variables 
Tile experimental variables (phosphorus :lInd 
nitrogen) were selected by the Project for three 
major reasons: ( 1) they are coatrollable; (2) the' 
are important to the test plant-in this case, 
maize; and (3) they' are key features of the soil 
tfamiil'S under study. Uncontrolled variables are 

also being monitored to explain the site-to-site 
differences that lmay' be encountered and to 
confirm the climatic regimes of the three soil 
fam ilIic's. A full discussiin of the variables is 
ftund inI Progress Report 1(1978) and in the 
section Soil Taxonomic Considerations. 

Experimental Design 
and Monitoring 
There are two types of experimental sites, 
designated primary and secondary sites, and three 
kinds of experiments, referred to as transt.er, 
laihnagellent, and variety experiments (Table 3).
The Conduct of thecse experiments requiresTcon of-"t rexperimetscollectiorn, and 

itstal laiin , inJ.nntenanlce, datta collect ion, and
 

n1alysis and Interpretation. Short-term activities 
include Collecting crop response data on soils 
belonging to the Same familly and Collecting soils 

and c linatic data to explain crop responses. 

Long-tern activities include testing whether 

these crop responses are similar among similar 
soils, and, if the test is affirmative, developing 
a scheme by which management practices 

(agrotechnology) can be transferred between 
other similar soils aInywhere in the w~'orld. 

Transfer Experiments 
At each primary site (one on each soil family in 
each country), all three kinds of experiments are 
generally installed. Secondary sites, which 
are relatively smaller and used primarily for 
transfer experiments, differ from primary sites in 
that tile) exhibit variations in soil properties 
within the range permitted by the soil family 
definition (see lkawva, 1978).

Each site is completely Instrumented for 

collection of weather data. The following weather 

parameters are continuously monitored by a 
battery-operated mechanical weather station: air 
temperature, relative humidity, rainfall, wind 
run and wind direction. Solar radiation and soil 

temperature at 5-, 10-, 20-, and 50-cm depths
 
are recorded.
 

Standardized experimental procedures are
 
followed to assure comparabiliL ,f results
 
throughout the network. An extremely
 
detailed set of guidelines was devloped and is
 
continuously revised so that laboratory and field
 
experiment procedures can be as nearly identical
 

its possible. All field operations--such Ias land
 
preparation, pest control, irrigation, cultivation,
 
and harvesting-are considered, its well as field
 
plot designs and data collection at all sites.
 

Field experimentation entails tile following
 
procedures. Proper planting materials are
 

obtained, and the experiments are planted after
 
the treatments have been applied. L)uring crop
 

growth, adequate plant protection isprovided in 

"Emphasis ison the verification of the hypothesis
 
that soils of the some family hove a common
 
and predictable response to management
 
practices."
 

the form of insect, disease, and weed control. 

Plant samples are c ..llected at tasseling, a critical
 
stage of growth, to monitor the nutrient status of
 
the crop. Diseases and insects are identified, and

thle extent of'damlage is rated. Phenological 

characteristics are recorded periodically. 

Adeq uate irrigation is provided throughout the 
crop growth. Crops are harvested, and important 
yield parameters are Measured. Quality of the 

crop, such its its nutritional value, is obtained in 
selected cases. Soil samples are collected after 
harvesting and analyzed to assess residual 
soil nutrients. 

Table 3. Experiments in the Benchmark Soils Project three soil 
family networks 

Type Purpose Expected results 
Transfer To test hypothesis of Similar yield responses 

experiments transferability of on similar soil 
aqrotechnoloqy. families. 

Variety To identify most Selection of be(st 
experiments responsiwe and bi, st ad,lpited valietes.adapted varieties lot 

transfer experiments. 

Management To test and deve(lop soil Management practices
experiments management practices recommNiende for a 

for a )articular soil rertion and a soil 

family, family. 15 
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Experimental yield results, with all related variety" as the test crop in the transter 
data on controlled and uncontrolled variables (seL experiments. Experiments with all the "transfer" 
pages 30-35) are analyzed in conjunction with varieties from other BSP country networks will be 
the Project statistical consultants with the necessary in several places on primary sites for 
ultimate objective of statistically testing the comparative purposes. Split-plot designs will be 
transfer hypothesis and developing itmodel of used for these exl.erine!,ts. Where there is doubt 
agrotechnology transfer (see pages 36-38). about tile best adapted variety for a location, 
Three appioximations will be made on all three some preliminary variety experimentation may 
types of experiments. The three approximations also be necessary. 
wvill be used to indicate three possible levels of M4 nagement Experiments 
testing-i.e., two years of testing for tile first 

approximation, which is considered minimum tbr Management experiments oil maize are being 
field research; four years of testing tr the second installed at tile primary site on each soil family in 
approximation, whiclh would considerably each country. The objectives of these experiments 
increase the reliability of the results; and five years are (1)to provide information to local 
of testing, which would optimize tile reliability governments on ways to increase production by 
of the results.. Data is stored in tile Benchmark improved availability and utilization of resources; 
Data Bank. Data analysis includes recording data and (2) to provide basic information to local 
c.I punch cards and carrying out regression and tarmers with limited resources to indicate how 
variance analysis. Interpretation and display of they can increase their yields. Some management 
data is being accomplished, and the transfer variables that are being investigated include plant 
hypothesis is being tested, density and spacing, irrigation, Multiple 

The approach taken by the BSP is shown cropping, residual phosphorus, phosphorus 
schematically in Fig. 5. Tile statistical approach placement, and major nutrient requirements. 
is unique for this kind of experimentation; it in Details of the management experiments and other 
itself is expected to be a significant contribution research to be conducted are worked out with 
to scientific research (Ehrenreich, personal each participating country. 
communication). 

Ihere is an annual meeting of principal staff for 
Va riety Experim ents the purposes of Project design, coordination, 
Variety trials are conducted to compare crop and evaluation, and an annual meeting of Project 
response to treatment variables. In addition, it leaders and appropriate contractor staff of 
was decided to use the "best adapted local each institution. 

CONSTANTS 
(soil, climate) 

CONTROLLED VARIABLES INPUTS M DATA i n OUTPUTS 
(applied fertilizers) Experimentation Transfer (predictions) 

functions 

UNCONTROLLED VARIABLES 
(weather) 

16 Fig. 5. The schematic approach to testing the transfer hypothesis is unique to the experimental design of theBenchmark Soils Project. 
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SOIL TAXONOMIC CONSIDERATIONS 

Predicting Crop Performance and 
Management Inputs 
from Soil Family Characteristics 

Through proper use of Soil Taxonomy, predictions may be made about soil 
behaviorfrom soils on which research has been conducted or on which experi­
ence is available to soils for which experience is lacking. Since soils in the 
same family require essentially the same management practices, maximum 
production results obtained in one soil family can be used as production
targets for all soils belonging to the same or similar soil families. For this 
reason, the information implicit in the taxonomic name of the three soil
families under study in the Benchmark Soils Project has been interpreted to 
determine their suitability and potential for crop production and to outline
the required management practices for optimum crop growth. One objective
of the Benchmark Soils Project is to demonstrate that the interpretations
derived from the soil family name can be used to transfer agroproduction
technology. Following is a discussion of the salient land qualities that have 
been found to affect the crop performance and yield potential of the three soil 
families of the Benchmark Soils Project. 

Publication of Soil Taxonomy in 1975 filled a that one objective was "to supply a scientific 
critical void; for the first time it became possible basis for the transfer of experience between areas 
arc profitable to assemble soil information in with similar environments. . (for) . . . with the 
a systematic and standardized way for soil tremendous amount of knowledge and experience
interpretation on a global scale. Soil Taxonomy gained in the management and development of 
is rapidly becoming the unofficial international different soils throughout the world, the hardship
language, and its comprehensive and quanti- perpetuated in some areas by methods of trial and 
tative nature makes it a powerful tool for error is no longer justified."
agrotechnology transfer within and among Soil Taxonomy recognizes that soils have many
developing nations. properties that have causal relationships to soil

The Benchmark Soils Project is the first behavior. Those properties with the greatest
comprehensive effort to scientifically substantiate number ofcovariant or accessory characteristics 
the efficacy of soil classification as it relates to are selected to define and separate the various 
predicting the behavior of soils, identifying their classes and categories. Classes of the system are
best use, and estimating their productivity defined in terms of soil properties, but there is a 
-all of which are incorporated in the term tendency to place more weight on soil properties
agrotechnology transfer. But the validity of this of agricultural relevance, particularly at the lower 
concept has been assumed for some time; in the categoric levels. Because soil properties control 
foreword to the FAO-UNESCO Soil Map of the soil behavior, taxa of Soil Taxonomy therefore 
World (FAO, 1974), for example, it is stated should reflect behavioral patterns. 

18 



Like most taxonomic systems, Soil Taxonomy 
is a multicategoric system. Each category is an 

aggregate of taxa, defined at about tile same level 

of abstraction, with the smallest number of 
classes in the highest category and the largest 

number in the lowest category. In order 
of decreiesing rank, these categories are order, 

suborder, great group, subgroup, family, 

and series. 
Soil families are differentiated within a 

given subgroup, primarily on the basis of soil 
characteristics that provide classes having 

relative homogeneity in properties important 

to plant growth and indicative of soil-water­

root relationships. Soils classified in tle same 

fanily, therefore, should have nearly the same 
managelent requirements, it common response 

to cultural practices, and a similar potential for 
crop production. This assumption is basic to the 
Benchmark Soils Project and it test of its validity 
is the principal concern of the Project. 

The validity of this assumption can be 

examined in two ways: (I) by collection of 

experimental data (sveupages 29-40), or (2) by 

interpretation of pedologic data. Interpreted data 
are less expensive and easier to obtain, and they 

can substantially reduce development costs by 
alerting planners to soil limitations and enabling 

them to exploit soil potentials. One purpose 

for assembling h igh-quality pedologic and 
climatologic data is to enable a soil interpreter 
to predict from them reasonably accurate soil 
and crop performance data. 

Land Qualities as the 
Synthesis of Soil 
Characteristics 
A key element in obtaining interpreted 

performance data is to match land qualities to 
crop rejuirements (Fig. 6). 

A land quality is a complex attribute of a soil 

unit as it appears in the landscape. Normally, a 
land quality defies direct measurement; it is 

usually arrived at through the synthesis of a 

number of individual soil characteristics 

(interpretation of pedologic data) and their 

interactions with each other. Erosion hazard, 

Fig. 6. Matching land qualities determined from soil 
taxonomic considerations to crop requirements is a 
means of predicting crop pcwrfOrmance in an agrotn­
vironment defined y it soil family. 

for example, is a land quality that results from 

the interaction of slope angle, slope length, 
permeability, soil structure, rainfall intensity, 

and other characteristics. Because it is the 

aggregate Of SuCh interactions that controls 

"Interpreted data are less expensive and easier to 
obtain, and they can substantially reduce 
development costs." 

crop performance and soil management, it is 

preferable to evaluate soils in terms of land 
qualities rather than in terms of individual 

soil and land characteristics. In the following 

discussions, land qualities of importance to maize 
production and the concomitant soil management 

requirements are estimated from the differentiae 

defining a soil family and the accessory properties 
of the taxon. 

About 20 land qualities related to crop 

production and management are recognized; 
however, not all of these are relevant for the soils 

under consideration. The discussion of land 

qualities here, therefore, is restricted to moisture 

availability, energy availability, nutrient 

availability, soil toxicity, workability and 19 



trafficability of thc land, soil erodibility, and 
climatic hazards. 

lloisture ar,-i/abilli (water-supplying capacity) 
is related to several soil characteristics, including 
soil moisture regime, particle-size class, 
temperature class. mineralogy, structure, rooting 
depth to physical or chemical barriers, and slope 
(runon and runoff). The interaction of soil 
':haracteristics with the amount, seasonal 
distri',ution, and variability of rainfall iesults in 
:he water-sLtptplyin: and storage capacities of 
the soil. 

"Agricultural development will be accomplished 
through interpretation of information in Soil 
Taxonomy. The BSP will demonstrate, 
scientifically, the feasibility of doing this." 

ELno." ait',lilgahili is largely a function of1 

temperature and solar radiation. Energy suplply is 
closely relatc.i to the temperature and moisture 
regimes. Land in perudic and udic moisture 
regimes, for example, generally receives lower 
solar radiation than land in ustic or aridic 
moisture regimes. Iand in thermic and mesic 

temperature regimes has longer summer day 
lengths than land in isohyperthermic or 
isothermic temperature regimes. 

Nu,'ient avallability is the most complex land 
(Juality because pronounced interactions occur 
between other land qualities and nutrient supply. 
For example, when soil fertility is low, crops such 
as coffee, tea, cocoa, and black pepper perform 
better under shade than in direct sunlight. 
Shading hlcips to optimize growth when a 
crop is under partial water or nutrient stress. 
Nutrient uptake is also strongly influenced by 

oxygen stress. Thus, crop performance and
 
nutrient uptake is not related to nutrient
 
content in a simple way. Only the two essential 
macronutrients-nitrogen and plhosphorus-are 
being considered in the Benchmark Soils Project 
approach. More generally, soi! characteristics 
such Iscation-exchange capacity, base saturation, 
organic-matter content, mineralogy, weatherable 
mineral content, temperature, pl-l, and particle­
size class are used to assess soil nutrient supply. 

Soil toxic'ty is associated with extreme soil 
acidity or alkalinity. In acid soils aluminum 
and manganese toxicities are common, whereas 

Overcrowded living conditions at Ekona, Camerxon (left) and a fishing village near Madras, India (right)exemplifNthe LDC needs that are the main thrust of the lISP. Because similar soils occur in Africa and Asia, it is possible that
people in both these areas could use similar farming methods to increase crop yields. 



in alkaline soils boron toxicity is sometimes 
encountered. Predictions of soil toxicity require 
careful interpretation of additional factors such 
as mineralogy, organic-matter content, and 
salt conent. 

Soil uwrkabili) an, trafica/ili) are related to 
the rheologic properties of soil. Soil workability 
and trafficability indicators can be extracted from 
particle-size class, mineralogy, plasticity index, 
slope, depth to physical barriers, wetness 
(moisture regime), and temperature regime 
(permafrost). In organic soils, workability and 
trafficability is directly interpretable from 

the soil taxa. 
Soil roIhila-Y can be predicted from 

particle-size class, mineralogy,structure, slope
angle, slope length, rainfall (moisture 


regimc), estimated permeabilities, andiaggregate stabilities. 
aggrgatestailites.Soil 

ClimatichazarsIt include adverse weather 
conditions, sich atswind, hail, frost, and 
excessive temperatures. This is the least reliable 
land qual ity', but rough estimates can be made 

from temperature and moisture indicators in the 
soil taxa. 

Complex relationships of land qualities 
influence crop pertormance and require careful 
study by agronomists, crop physiologists, and 
agricultural climatologists. Extension specialists 
who make soil management recoin mendations do 
so from their knowledge and experience about the 
soil and crop in question. 'Thequality of their 
recommendations varies with the amount of 
experience, knowledge, and skill. A skilled 

specialist predicts performance with a high 
degree ofaccuracy. But the process remains an 

art; it needs to become a science so that people 

with less experience can consistently derivehigh-quality interpretations. 
highCl~lityintrpreatins.low

In the final analysis, the transfer of 
agroproduction technology for planning 
agricultural development will be accomplished 
through interpretation of information organized 
a idcondensed in Soil Taxonomy. The purpose of 
the Benchmark Soils Project is to demonstrate 
scientifically the feaibility of doing so. This 
section of this report compares estimated maize 
performances derived from soil interpretations 
with those obtained by experimentation on a 
network of Benchmark soils. 

Effect of Salient 
Land Qualities on
 
Crop Performance and 

ana emen
 

Requirements 
Tabl 4 quats the taxonomic name 
of each family with the inherent soil family 

Thixotropic, isothermic Family of
Hydric Dystrandepts 

INTERPRETATION OF LAND QUALITIES 
These soils require supplementary irrigationduring the dry months but are well-suited for 

Table 4. Soil family properties as they relate to the taxa in 
Taxonomy 

Taxonomic name Inherent soil family characteristics 

Thixotropic, isothermic Hydric Dystrandepts 
thixotropic High surface activity of colloids.
 
isothe-mic Cool soil temperatures (15-22C).

Hydric Moist humid soils.
 
Dystr- Low base saturation K 35,,).
 
-andept Low bulk density (<0.85 q/cm 3 ).
 

Clayey, kaolinitic, isohyperthermic Tropeptic Eutrustox 
clayey More than 35% Clay in the subsoil.
 
kaolinitic Dominated by low active clay.
 
isohyperthrmic Warm soil temperatures throughou~t Ihe year
 

(mean > 220 C); small difference between 
summer and winter termperatt res I< 50C). 

Tropeptic Moderate structure; less than 125 cm deep; 
or both. 

Eutr- Moderately enriched with nutrients; medium 
to high base saturation (>50%). 

-ust- Pronounced dry season (dry for more than 

90 cumulative days/yearl.
-ox Presence of oxides of iron arid aluminnum; 

cat ion-exchange capacity. 

clayey, kaolinitic, isohyperthernic Typic Paleudults 
clayey More than 35',%clay in tile subIsoil. 
clyc More a 35 c ite clsy. 
kaolinitic Dominated by low active clay. 
isohy(rtherrnic Warm soil temperaturs throuqhout thee 

summer and wCvintei tenferatures (<,wC).
 

stiicnypican tentoniptuTypic Typical or cent~ral concept. 

Pale- Deep old soils with low nutrient supply. 

ud- Humid soils. 

Low bas s i 321 
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Intensive cultivation on steep slopes is 
common on Hydric Dystrandepts, attesting to 
the nonerosive feature of this soil. This soil will 
erode if abused, but, all factors being equal, 
Hydric Dystrandepts mut be considered one 
of the least erodable soils. Because of their 
good tilth and ease of workability, Hydric 
Dystrandepts are idea! soils for producing root 
crops in typhoon-prone areas. 

SOILMAAMED CR PROACET Anitrogen
SOIL MANAGEMENT PRACTICES 

In the isothermic, thixotropic family of Hydric 
Dystrandepts, climate in general and energy 

supply in particular limit maize yields to an 
average of about 6000 kg/ha per crop. Under 
subsistence farming methods, performance 
of maize on this soil is about 2000 kg/ha. 
Unimproved varieties cultivated with little or 
no fertilizer are the main reasons for current low 
yields. Low farm incomes prevent farmers from 
acquiring and applying the full amount of 
fertilizers necessary to achieve potentially higher 
yields. Greater efficiency of fertilizer use can 
be obtained by placing fertilizers in narrow 
bands instead of broadcasting. Heavy fertilizer 

applications, particularly of phosphorus, can be 
justified even for the low-income farmer on the 
basis of the residual effects of applied phosphorus. 
Phosphorus fertilizer applications should be 
treated as a capital cost, because a single heavy 

application brings returns on investments for 5 to 
10 years. Banks and lending agencies should be 
informed of this point. 

Although maize can be grown profitably on 
the isothermic, thixotropic family of Hydric 
Dystrandepts, this.soil should be reserved for 
intensive, continuous cropping of high-value 
crops. For this soil, crops better suited than 
maize are vegetable crops and Irish potatoes. 

Clayey, koolinitic, 
isohyperthermic 
Family of Tropeptic Eutrustox 
INTERPRETATION OF LAND QUALITIES 
The srhall amount of plant-available water 
(10 mm/10 cm soil) in combination with a high 
potential evapotranspiration means that even a 

few rainless days may create drought conditions, 

especially for shallow-rooted crops; irrigation is 
recommended during that time. Abundant 
energy is available to Eutrustox throughout the 
year. lsohyperthermic FLutrustox receive high 
amounts of solar radiation (about 12(),00() to 
l-iO,000 g cal/year), resulting in higher 
temperatures. This means that these soils have 
high yield potentials because of tile high 
available energy. 

Because of its susceptibility to leaching,
is deficient in most cultivated 

- -. 

Tropeptic Eutrustox are ideal soils for intensive me­

chanized agriculture. Gentle slope, good internal 
drainage, high soil strength, stable structure, and low 
activity clays contribute to excellent trafficabilitv in this 
soil. 23 



Eutrustox; only in virgin Eutrustox with 
epipedons of mollic properties is sufflicient 
nitrogen available for several crops. Thus, in 
general, nitrogen is a consistently limiting factor 
for crop production on Eutrustox. The amounts 
of phosphorus available depend on past 
management and on the nature of tile parent 
rock, both of which cannot be inferred from the 
taxon name. Qualitative statements can be made, 
however, about the degree of phosphorus fixation 
in the soil The Eutrustox of the clayey, kaolinitic 
family have i low-to-moderate phosphorus-
fixation capacity. Combined with the weakly acid 
character of this soil, Eutrustox require moderate 
amounts of phosphorus fertilizers to produce 
maxinLul maize yields, 

"With adequate irrigation and fertilizer 
applications, Tropeptic Eutrustox constitute some 
of the most productive soils in the tropics." 

Potassium can be inferred to be present in 
these soils in sufficient quantities so as not to 
severely limit plant growth. The presence of 
small amounts Of potassium reflects tile fact that 
Eutrustox are not subject to strong leaching; 
however, because of the low cation-exchange 
capacity of Eutrustox, the absolute amounts of 
potassiumf retained in the soil are small and may 
be depleted tinder prolonged cropping. Since 
there -ire no or few primary minerals that could 
weather ro release bases, potassium fertilization is 
required fu, -,'. cained crop production. Because 
the Eutrustox of the BSP network are at least 125 
cm deep and there are no chemical barriers to root 
growth, the plants can utilize the nutrients 
and moisture stored in a large volume of soil. 
Thus, with adequiate irrigation and fertilizer 
applications, members of this family constitute 
some of the most productive soils in the tropics. 

Due to past management practices, the surface 
soil of this family may have a pH of less than 5, in 
which case corrective measures need to be taken 
to avert toxicities. 

Eutrustox are readily workable due to the high 
degree and stability of soil aggregates; upon 
drying, however, the surface soil has a tendency 
to harden. Tillage operations, therefore, are best 
performed when the soil has a moisture content 
midway between field capacity and wilting point, 

The high infiltration rates and permeability of 
Eutrustox allow field work to begin shortly after 
heavy rains. Trafficability of Eutrustox is 
excellent. Also, the level topography associated 
with Eutrustox is favorable for mechanized 
crop production. 

Surface runoff occurs only under conditions 
of extremely high intensity rainfall. The high 
water permeability of Eutrustox and the level 
topography further reduce the erosion hazard. In 
an isohyperthermic soil temperature regime, frost 
is nonexistent and hail is extremely rare. Storms 
and torrential rains, however, may cause e'ere 
hazards to crop production. These conditions 
cannot be inferred from soil classification but can 
be estimated from the general air circulation 

pattern of the area where the soil occurs. For 
example, about every 25 years the island of 
Puerto Rico experiences hurricanes whose centers 
pass over tile land area. In addition, severe storms 
with wind velocities of up to 150 km/hour 
accomp.xied by large quantities of high-intensity 
rainfall occur in Eutrustox areas. In the case of the 
Eutrustox of Puerto Rico, there is a probability of 
total crop loss once every 25 years and the 
possibility of severe crop damage once 
every 5 years. 

ESTIMATED CROP PERFORMANCE AND 
SOIL MANAGEMENT PRACTICES 
The preceding discussion of land qualities clearly 
conveys that the limited moisture availability, as 
indicated by the ustic soil moisture regime, is the 
most severe constraint of EItrustox for yeaz-round 
maize production. Thus, irrigation is absolutely 
necessary during the dry season. Because of the 
limited availability of stored water in Eutrustox, 
irrigation is also desirable in the wet season to 
avoid moisture stress caused by short dry spells. 
While sporadic irrigation in the wet season is 
essential to ensure high yields, reasonable yields 
can be obtained without irrigation, particularly if 
there is no moisture stress during the time of 
tasseling and pollination. This is possible because 
in the Eutrustox there are no barriers to root 
growth, and plants can thus draw upon the water 
stored in a large volume of soil. Maize yields of 
up to 10,000 kg/ha can be obtained under 
rainfed conditions in seasons with well­
distributed rainfall. 24 



For soil fertility, of course, nitrogen is needed. 
Because nitrogen is subject to rapid leaching 
in the highly p rmeable Eutrustox, se\cral 
applications are desirable. The application of low 
to Moderate amlouints of'phosphoruLs are predicted 

on the basis of land LIqualities. Potassium is 
predicted to be atnonlimiting nutrient in 
Lutrustox when the soil is first cultivated, but 

owing to the absence of wealtherable minerals 
to supply potassium, potassiumn deficiencies 
can be anticipated after several years of 
intensive cultivation. 

Assuming that the moisture and fertility 
constraints indicated above are effectively 
overcome and pests and diseases are controlled, 
the l'utrustox have a high potential for crop 

productio. Maize grain yields under optinlum 
conditions ofnmanagunment can be expected to be 
in the range fro m 5000 to 7000 kg/ha. Yields 
during the dry season when more solar energy is 
available may be 1000 to 2000 kg/ha higher. 
With irrigation, at least two crops of maize and 
(ne Short-term crop can be obtained on soils of 
this F1 1ily. 

Clayey, kaolinitic, 
isohyperthermic 
Family of Typic Paleudults 
INTERPRETATION OF LAND QUALITIES 
Vi th aln LIdic moisture regime and with
it wull-distributed annual rainfall pattern,

wlld(no 

the Udults generally have adequate moisture 
available for crop production throughout the 
year. !n addition, because of the clayey particle-
size class, the subsoil has it high moisture-storage 
capacity. The Udults are more likely to be 
situate:d in locations where there is greater cloud 
cover than are soils associated with an uistic 
Mohisture regime of a similar temperature regime. 
Less radiant cr.ergy is thus available, and lower 
yields are expected in these soils. 

Because these soils are highly leached of bases 
and have little or no weatherable mincrals, crop 
responses to phosphorus, nitrogen, lime, and 
the macro- and micronutrient fertilizers are 
virtually' assured. Moderate amounts of fertilizer 

phosphorus in comparison to the Dystrandepts 
are required. Subsoil acidity and low fertility are 
the major constraints to crop production in this 

*,!,' 


Typic Paleudults are acid and infertile soils, but under 
proper manageminmt, maize thrives in the BISP experi­

ments in South Sumatra. Ihis experiment, acollabora­
tire effort of BSI and IIDC, shows the control plants

1) in [he foreground and the plants with applied P 
in the background. 

soil. Since they are !:ached of bases, these soils 
require nutrient:i such as potassiuim, calcium," 
and magnesium. 

Although extractable aluminum is not 
expected to be h gh in the laleudults with low 
activity clays, it nevertheless may range from 
I to 3 mtc] in the upper portions of the argillic 
horizons. Maize is not its sensitive to alulinuml 
as are soybeans oi cotton; how_.ver, it is more 
sensitive than crops such as pineapple or tea. 

Soil vorkabillit " varies with surfce textures. In 
clayey families, dcvp tillage is often necessary to 
promote deep rooting. However, if acid, infertile 

subsoil is brought to the surface during deep 
tillage, lower yields can occur without proper 
management. To avoid this problem, subsoil 25 
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can be used to estirmate crop performance 
and management requirements based on land 
qualities for the three soil famili-'s under study 
in'the Project. In this section, collective 
comparisons are made fr the soil families. For 
easier comprehension, the comparisons are 

presented in tabular form. 
In Table 5. tile land qualities have been 

rated in a qualitative way. The coli' ,!Iheided 
"Predicted maize grain yields" has been 
subdivided at two levels of management inputs, 
low and high. In this context, low inputs imply 
virtually no management inputs other than land 
preparation and mechanical weed control.
consistent with subsistence farming. igh 

inputs imply the application of advanced soil 
ianagemen t and crop production technology, 

uicltiding controlled irrigation, fertilization, 
optimum planr density and time of planting, use 
of a \cll-adapted high-yielding variety, pest and 
disease control, and so on. 

The estimated grain yields of maize listed in 
Table 5 are estimates derived from land qualities 
and general knowledge of maize production in 
the tropics. For tile Iurpose of these predictions, 
the soil characteristics and qualities conforming 
to the central concept of the soil family were 
used, and it was assuLed that tile soils have not 
been intensely cultivated previously, 

Precision of Predictions 
Based on the Soil Family 
Not unexpectedly, die yield estimates presented 
in Table 5 vary considerably from tile yields 
actually measured in field experiments reported 
in the next section. In rationalizing these 
discrepancies, it must be emphasized again 
that the predictions are largely based on the 
information that is by definition contained in 
the taxonomic name of the soil family. Tile 

predictions, therefore, can only be as accurate as 
this information. Although the soil family is 
quite narrowly defined, it still allows for a 
considerable range in some characteristics that 
may be important to plant growth and soil 
managem.ient. For example, the base saturation in 
tie major part of the subsoil of the Eutrustox 
must, by definition, be 50 percent or more and 

thus may conceivably range from 50 to 100 
percent. Similarly, the clavey particle-size class 
permits clay content, from 35 to 100 percent. It 
should further be remembered that in the case of 
the three kinds of soils investigated in the 
Project, the differentiating criteria for soil 

classification are applied in the so-called control 
section that starts below the plow layer. Although 
the general properties of the surface soil are 
covariant with tile subsoil properties, they may 
differ from soil to soil despite tile fact that 

"Soil Taxonomy has the flexiility to indicate soil
 
characteristics that are not considered in taxa 

definitions but are important for a specific 
land use." 

they belong to the same soil family. SuLh surface 
soil conditions include organic matter content, 
soil reaction, nutrient availability, soil 
texture, horizon thickness, and others. 5ome of 
this variability reflects the past cropping and 
management history of the soil. Fertilization 
wVi lammonium sultate, for example, may result 
in residual acidity in the surjace soil. Furthermore, 
although the general climate of the area where a 
soil family occurs is indicated in tile soil moisture 
and temperature regimes, the actual weather 

conditions during a given growing season, of 
course, cannot be inferred from the taxonomic 
unit with the degree of accuracy desirable for 
precise crop performance predictions. 

Crop performance and soil management 
predictions could clearly be refined if they were. 
based on information more specific than that 
contained in the soil family. In fact, Soil 
Taxonomy recognizes a categoric level below that 
of tile soil family, tile soil series. The differentiae 
used for series are mostly the same as those used 
for tile classes in other categories to which the 
series belongs, but the range permitted is less 

than is permitted in th- family or some other 
higher category. However, taken collectively, tile 
number of possible distinctions is too large to be 
comprehended readily and to be incorporated 
in itkey. 

In addition, Soil laxonomy has the flexibility 
to indicate soil characteristics that are not 
considered in taxa definitions but are important 27 



for a specific land use. The phases provide fbr a 
utilitarian classification that can be superimposed 

on the taxonomy at any categoric level to permit 

more precise interpretations and predictions. 
Thus, one may recognize an "acid surface soil 
phase" of the clayey, kaolinitic, isohypertherm ic" 

family ofTrolpeptic Eutrustox. 
The most precise predictions, therefore, 

can be made on the basis of phases of'soil series. 
However, it would clearly be unrealistic to use 

this level in the process of international 
agrotechnology transfer. First, such detailed 
intormation rarely exists for LDCs. Second, soil 
series are not rigidly defined, and different 
rationales for establishing series are used in 

different countries. As a consequence, the lowest 
categoric level ot Soil Taxonomy that can be 
Universally applied in a uniform and consistent 
manner is the soil family. It is for this pragmatic 
reason that the soil failly is used in the Project. 

0...." ,.", ?:* A. 

Coordinated effbris at all sites in :ll three soil families 
ensure that uniformity of crop yield data is obtained. 
Land clearing on Typic PaleudUlts in Indonesia (top),
preparing water facilities on Tropeptic Flutrustox in 
BBrazil (middle), and planting oi ihdric I)ystrandepts 
i n the Philippines (bottom) are very labor-intensive in 

i., the absence of machinery and equipment. 



THE STATISTICAL APPROACH 

Testing the Transfer Hypothesis 
N I
 

To date, the Project has verified through field experimentation and experi­
ence that accessory soil properties implied in the soil family taxonomic names
 
are indeed inherent soil family characteristics, although the range of these
 
characteristics varies from site to site within a family. In addition, the Project
 
has successfully demonstrated that some of these soil family characteristics
 
have specific inferences for management practices. In the second analysis of
 
the transfer hypothesis, completed in January 1979, additional site variable
 
information - minimum air temperature, modified Truog soil phosphorus,
 
and soil nitrogen-is used along with applied nitrogen and applied phospho­
rus. Although a common response surface cannot be fitted to all sites, use of
 
site variable information allows transfer of the phosphorus and nitrogen
 
response relationships within practical limits. Thus, the operational model
 
developed for the statistical test of the transfer hypothesis clearly indicates
 
that soils of a given family respond alike to similar management inputs
 
adjusted for soil nitrogen and phosphorus.
 

In every soil ttmily there are certain limiting testing soil family response to phosphorus (P) and 
tactors affecting good crop yields. These factors nitrogen (N) in the transfer experiments in each 
were confirmed by Project experimentation to be soil family. 
the same within the same family and different A feature of the treatment design being used in 
between soil families (Progress Report 1). An the transfer experiments (the 52 partial factorial 
example is shown in Fig. 7 by the relationship of modification of Escobar) is the distribution of the 
maize grain yield for the three soil families with nitrogen and phosphorus levels over the factor 
each respective soil family environment. The space. Treatment combinations, therefore, are 
cool and warn environments are related to the expressed as coded levels of N and P in order to 
isothermic and isohyperthermic temperatureregmes
repeciveywhile the wet and dryenimes, respectively whi e and dry "The amount of phosphorus applied varies 
env ironments refer to thle iidic and ustic dpnigo h hshrsfxn aaiyomoisture regimes, respectively. These relative depending on the phosphorus-fixing capacity ofyielsoil fomamiyech ~ x~xtedthe soil andpastmanagementofthesite."yIilds from each soil fil1mily wvere expected 

from our knowledge of the nomenclature in 
Soil Taxonomy. Management practices dopend maintain the desired pattern of treatments. The 
on the limicing factors and can therefore be actual amounts of N applied are very similar 
predicted for specific soils. throughout all three soil family networks, but the 

Since fertilizer response is a land quality that amount of P applied varies depending on the P­
can be measured quantitatively, tile Project is fixing capacity of the soil and past management 29 
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Appendix 1). The results confirm the findings of 
, 	 earlier transfer experiments, as reported in
 

Progress Report I, pages 29-39.
 

"'Thixotropic, isothermic Family 
of Hydric Dystrandepts 

'(. In Hawaii, response to both N and P vas{jI 


generally obtained at most sites. Although these 
sites were forimner sugarcane ticlds and received P 

fertilizer in the past, the capacity of the soil to 
fix P is high so that additiOnal amounts of P 
produced increased yields. Sites inIndonesia 
generally cxhlibited a response to N with a sinall 

response to P.I The low level of response totp net fay 

P isdue to pamst Illinlgemnllt )dthesites when 

til\ were lsed (orvegctable culture and received 
additions of manure. Soil P levels arc generally at 

O A marked response toor above the adeqmat,: level. 
both N and 1 was generally observed at most sites 

inthe P'hilippins. These soils did not receive 
tic,Eu~,U- 4 	 much fertilizer inthe past so that both N alld PI 	 1Uart 	 needed for good crop growth. Table 2, 

B -': Appendix I, suninairizes the yield daita ill1 i:i 1978-1979 for the Hvdric Dystrandept network.i 

' :> Examples of the yield response surfaces 
.. .;i :, predicted from the transtcr e(Liation reported 

0 2000 4000 6000 8000 

Maize grain yield (kg/ha) 

Fig. 7. Effect of agroenvironment on maize grain 
vield fbr the three soil tamilies. 

of the site. Table 6 shows the treatments used in 
the transfer experiment; Table 7 gives the actual 
levels of treatments in each country on each 
soil farmilv. 

Results of the Transfer 
Experiments 


A total of 40 transfer experiments were conducted 
on the Hydric Dystrandept network. 26 on the 
Tropeptic Eutrustox network. and 12 on the 
Typic PaleIidult network in 1978-1979 (Table I, 

in 	 1978 are shown for Hawaii (KUK-C), the 

Philippines (PUC-K), and Indonesia (ILPH-E) 

Wig. 8, .sa, also Fig. I I). The general similirity 
of the response surfaces for these three Hydric 
Dystrandept sites is cjuite apparent, especially for 

the sites in Hawaii and Indonesia. The site inthe 
Philippines exhibits some differences, priimarily 

in the response to N at the low P levels. (Sce pages 
36-39 f'or the statistical 2nalysis of these sites.) 

Thus, N and P rates call be predicted from one 
Hydric Dystrandept site t another, with proper 
adjustment for soil levels of N and P. 

It is also apparent that the yield level in 
Hawaii is considerably higher than that in either 
Indonesia or the Philippines. One possible reason 

fotr
the yield difference may be the difference 
in solar radiation: sites inHawaii and the 
Philippines, for example, receive higher amounts
 

of solar radiationi than the sites inIndo)nesia Oe 
Appendix 2 for weather data). Another possible 
reason may be the difftCrence in maximum and 
iiniium temperatures at the sites. Maximinuim 
and iiniium temperatures are highest at the 30 



Philippine sires, lowest at the Indonesia sites,
 
and! intermediate at the Hawaii sites. Although Table 6. Coded values of treatments used in transfer experiments
 
tile high ntaxinIurn teniperatture il tie Treatment Phosphorus Nitrogen
 
Philippines should allow greater carbohydrate A -0.85 -0.85
 
production, tle high minimIum temperature B -0.85 +0.85C +0.85 -0.85
probably tused greater use of carbohydrate in D +0.85 +0.85ID +0.85 +0.85 
respration, which resulted in lower net amounts E -0.40 -0.40
 
olfcarbohydrate being produced. On the other F -0.40 +0.40
 
hand, in Indonesia, temperatures were apparently G +0.40 -0.40
 

H +0.40 +0.40
too cool for high pro(duction ofcarbohydrate. oa0 0
 
Temperatures in Hawaii were aplparently better K -0.85 0
 
suited for high cat bohydrate production during L +0.85 0
 
the day and relatively low use of carbohydrate in MN -0.85
00 +0.85 
respiration at night. O Complete controlb -

P Partial controlc 

Clayey, koolinitic, Q 0 -
R -0isohyperthermic Family of s 0R 0 

Tropeptic Eutrustox 
ao optimnum treatment, includes mnicronutrients. 

There was t narked response to P and a relatively bo - no fertilizer applied. 
cp no treatmernt variables alpplied but given blanket application of macro.


smiall response to N in sone experiments inI and micronutriunts.
 
Brazil. Results ill some other experiments were dOptinum treatments with no nic:ronutrienits applied. 

not as striking. File reasons for this are not 
known at present. Yield levels were comparable 
to those of Puerto Rico. There was generally a 
response to N in all experiments in Puerto 
Rico, while tile response to P varied with tile 
experiment but was generally small. Yields were Table 7. Actual rates of highest and lowest treatments in transfer 
generally lower in Puerto Rico than in Hawaii, experiments by soil family 
ilthough yields of 8000 to 900() kg/ha were Nitrogen Phosphorus 
attained in some experiments. Soil pl-1 was f'ound Actual Actual 
to be lower than optimum in some experiments, a Coded level Coded level 
tact that may have prevented maximum yields Soil family level (kg/ha) level (kg/ha) 
from being achieved. In Hawaii, a yield response Hydric Dystrandepts 
was obtained for both N and P in tile two Hawaii -. 85 30 -.85 20 
experiments harvested to (late. Yield levels +.85 190 +.85 375 
were high-90{)0 to 1 .0()00 kg/ha. Indon+ia -. 85 30 -. 85 10 

Because of the higher amounts of solar 485 190 +.85 110 
Philippines -. 85 30 -. 85 20

radiation tt tile Etrustox Sites tha at tile +.85 190 +.85 250
 
Dystrandept sites, especially during the dry Tropeptic Euitrstox
 
season, it is not surprising to find higher yields. Hawaii -. 85 30 -. 85 10 
Table 3, Appendix 1, provides a sunmary of +.85 190 +.85 140 
yield data on tile Tropeptic Eutrustox network. Ptterto Rico -. 85 20 -. 85 03 

Examples of the yield response to N and P +.85 170 +.85 40
Bra/il -. 85 20 -.85 03170 +.85 40in Brazil, Puerto Rico, and Hawaii are shown in +.85 

Fig. 9. A marked difference in the yield response Typic PaleuJdults 
curves to P evident in tihe figures, with Brazil Philippines -. 85 30 -. 85 10 
showing the largest response to P and Puerto +.85 190 +.85 150 
Rico the smallest, while Hawaii was Indonesia -. 85 30 -. 85 10 
intermediate. These differences are due largely to +85 190 +.85 160 31 
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Fig. 8. Response surfaces of maize to coded levels oflphosphrus and nitrogen in the Hydric Dystrandepts network.
 



differences in tile history of these sites. In the up to 7000 kg/ha were achieved (Fig. 10). 
3razil site, native vegetation had recently been Yields of maize grown in NAK-A without 

cleared so levels of N and P varied depending on application of P, and with reapplication of N 
tile nature of tile vegetation. Apparently N levels and K, were 1000 to 2000 kg/ha lower than 
were high, but P levels were low; therefore, a tile first crops and there was still a response to P. 
very mirked response to P, but a relatively small Although tile P-fixing capacity of the soil did not 
response to N, is shown. Both the Hawaii and appear excessively high, tile residual effects of P 
Puerto Rico sites were previoLIsly cropped, and so seem to be small with tile relatively low amount 
both received fertilizer applications in the past: of P applied. These sites were cleared from 
the Hawaii site was a former pineapple field, and natural vegetation, and the fertility levels were 
the Puerto Rico site is part ofan experiment low. Yields from the BPI site in Davao, the 
station. The larger response to P in the Hawaii Philippines, indicated some response to P and N 
site max' be due to the greater fixation capacity of (Fig. 10), but the responses were not its large as 
the soil, thus allowing additional P to increase 	 in Sumatra. This site had been cultivated in tile 
yields. Both sites exhibited fiirly good responses past, so residual P was present. The difference in 
to N since they were cropped in the past and soil the P response at the two sites may be explained 
N levels wvere relatively low. 	 largely by the modified-Truog soil-P values of 

2 ppm for NAK-A and 19 ppm for BPI-D, 
which, respectively, are very low and moderately 

Clayey, kaolinitic, 	 high figures.
isohyperthermic Family Yield levels at Davao were not as high as those 

at Nakau possibly because of the higher soiarof Typic Paleudults 	 radiation and temperature at the Nakau site than 

The first yields from the Nakau and BPMD at the Davao site. A summary of yields in the 
sites in Sumatra, Indonesia, indicated marked Typic PaleUdult network is shown in Table 4, 
response to both N anci P. At NAK-A, yields of Appendix 1. 

The transfer of technology does not always mean introduction of heavy equipment.
 
In tie Philippines (left) with heavy alang alang growth, a
 
water buffalo perforrms most efficiently; in Indonesia (right), several rototillers
 
can be efficient since farming methods are labor-intensive.
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Development of the 
Transfer Model 

The basic formulation of the transfer hypothesis 
and a numerical example of the methodology is 

given in the Benchmark Soils News (Vol. 2, No. 
1, 1978) and in Progress Rep~ort 1(1978). 

As described in these early reports, a transfer 
model wvas developed to show the relationship 

bet~een he rspone desgndta ad th 
between the response data and the design 
variables for each site. Sce Fig. 5 for the schematic 
drawing of the approach taken by the Benchmark 
Soils Project. Soil levels of the nitrogen and 
phosphorus treatment design factors are noto 

constant across the experimental sites within a 
soil family, however, due to natural and earliermanagemnent variabilities. These and other 
mngmnvariabiesIncluditwesthe ans tcher 
variables, including weather faters such as 
temperature and solar radiation, cannot be 
controlled at a constant level, but they can be 
measured at each site and should be an integral 

part of the experimental design. Thus, the 

individual site response-input relationship can be 

affected by the specific biotic environment of the 

site, and only by including tile uncontrolled site 
variables in tile transfer model can tile response to 

the controlled variables be clearly focused (Woodti 
and Cady, 1979). 

"The individual site response-input relationship 
can be affected by the specific bioticenvironment of the sire." 

e 

In this second analysis, then, additional site 
variable information on solar radiation, modified 
Truog soil phosphorus, and soil nitrogen was 
incorporated into the formulations of the transfer 
model; in addition, the lime variable was 
replaced with an applied nitrogen viriable. 

For the second analysis, eight wet-season naize 
transfecr experiments on the Hydric Dystrandepts 
were available for testing the transfer hypothesis. 
Three sites were eliminated from further analysis 
due to high coefficients of variation or no 

phosphorus response. Tile sites analyzed include 
two in the Philippines (PUC-K and BUR-B), two 
in Hawaii (KUK-C and KUIK-D), and one in 
Indonesia (LPH-E). 

Quadratic polynomial response surface models 

w'ere estimated for each of the five sites and are 
Illustrated in Fig. I IA. A common response 

surface model cannot be fitted to all sites as the
individual surfaces are obviously different. So, 
it was necessary to introdLICe rhe site variables 

into the response eLIuation to accoulnt folr thle 
variability among the individual site response 
surfaces. The site variable data for the five sites 

aei e Ti able Appendid for ifor
 
re given in Table 8. (Src Appendix 2 for
 

complete weather data throughout tile
 
Project network. )
 
Pr network.)
 

"iir ai)ro i o pedict te s, deno te
 
k experimental Sites, using atransfer function estimated from the other (k - 1) 

sites. This is then repeated for predicting the 

Yields for each of tihe k- sites b,,,,Cd onl a transfer 
function estimated from the other (k-- I ) sites. 
Tile traws/'r residuals, Yi -- Y( -i, can be 
compared with thew'rdiarv residuals, Yi-Y, 
coalaed bittin a resnse functio 
individually to each of the sites. 

A SuM Of S(luares criterion ISused to compare
 
the magnitude of tle transfer residuals,

1i- Y(i) with the ordinary within site residuals, 

Y,-)',. In particular, the ratio of the pooled sum 
of sIuared transfer residuals to the pooled sum of 

squared ordinary residuals is calculated. This
ratio, called the transfer hypothesis test statistic 
and denoted as P. is expressed as 

k, 
=x [ii= / 1j<[/ - r­

=1 i -: 
The P statistic using only the controlled PCODE 
(applied P) and NCODE (applied N) in a 
(Iliadratic polynomial as the transier function and 

predictlig for an omitted site from tile remaining 
four sites had a significance level less than 0.01. 
The transfer hypothesis had t,) be rejected, which 
substantiates the need for introducing site 
variable information into the transfer function. 

Four important interactions between site 
variables and the controlled design variables were 
identified: 

applied P X soil P 
applied P X soil N 

applied N X soil N 
applied N X minimum temperature 

After these four interactions wvere included With 
the controlled variables (cIquadratic polynomial) 36 



A. Individual site model (Y(ij)r 

11
 

PUV
 
PUC-K BUR-B KUK-C KUK-D LPH-E 

B. Transfer model (Y(1) -

PUC-K BUR-B KUK-C KUK-D LPH-E 

Fig. 11. Comparison of the individual response model (A) with tile transfer response nmdel (B)on the Ihdric l)xstrandepts 
netvork. 
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transfer 	function that includes interactions 
Table 8. 	Site variable dataa for five Hydric Dystrandept sites between the site variables and tl e linear efaccts 

(wet season 1978) 
of the controlled variables.Mean Temperature (C) Solar Modified The estimated response surfaces showing the 

ie radiation Extr. N .fyield Truog P 
Site.. (g/ha) Max. Min. (g cal/day) (ppm ) (ppm) transfer predictio, " _,,, ibr each site based on -.
__----­ - the other four sites are shown in Fig. 1 B. There
PUC-K 	 4820 35.90 23.00 421 10 79
BUR-B 5418 30.05 21.50 352 5 29 is asimilarity of the responses in A with those 
KUK-C 7717 27.07 18.83 430 49 46 in B. Since the transtier hypothesis was not 
KUK-D 7188 25.84 17.90 405 62 29 rejected, it is of interest to compare the )', tile 
LPH-E 3631 24.02 16.76 316 23 119 predictions based on a response surface fitted 

fromn data at each of the five sites (A), with 
weeks afterfortasseling,each site variable 4 weeks b-fore tasseling the ot ict ionsTh mean is taken from 	 to 4 tile"} I, aeh, the A orsnthe predictions based onl response 

surfaces fitted from tile other four sites (B). 
The difference between the two response surfaces 

and a separate intercept for each site, the P for each site is approxinated by calculating the 
statistic was calculated from tile sum of squares absolute d ifference between Pi and Y -i at (1) 
in Table 9. the 13 treatment-design points, (2) 8 1 points 

The prediction statistic, P. which is tile formed by a 9- X -9 equally spaced grid system 
ratio of the transfler residual suL of squares as shown in Fig. 1I, and (3) the central 19 
to tile ordinary residual sum of squilares, is points from tile 8 1grid points in (2). The mean 
131,698,800/88,006,68-1 = 1.49. Thus, there absolute difference for th five sites is given in 
is a -19 percent increase ill unexplained variability Table 10. Averaged over the five sites, the iean 
when predicting one site from the remaining four diff'erences-365, 3 11, and 258 kg/ha-are so 

small that a preference tbr either the site-specific 

predictions, £I, or tile transfer predictions, ?e -,With the uncontrolled variables raken into could not be made for most practical purposes. 
account, fairly accurate crop responses to the These relatively small differences again indicate 
controlled variables can be predicted." that tile transfer of applied phosphorus an-I 

nitrogen technology is feasible. 
sites. To attain tile significance level of calculated 
PA we deveoped I distributional theory of tile P Tentative 
statistic and associated computer programs. Tile 

probability of observing a P \'alue of L..9 or Conclusions 
larger on chance alone is 0. 19. A probability 
\"aile of this magnitude is evidence that the Tile basic hypothesis of the Project is that soils 
response surface for applied nitrogen and of the same families as defined in Soil Taxonomy 
phospholrus can be transferred with an estimated have a similar responsre to similar management 

Table 9. 	Site variable and residual data for five Hydric Dystrandept sites 

Site variable
 
Modified 
 Ordinary Transfer

Site Truog P (ppm) Extr. N (ppm) Min. temp. (0C) residuals residuals 
PUC-K 10 79 23.0 	 5,869,974 15,072,530
BUR-B 5 	 29 21.5 25,055,220 36,217,080
KLJK-C 49 46 	 18.8 13,602,420 20,389,510
KUK-D 62 29 17.9 25,599,730 36,422,730
LPH-E 23 119 16.8 	 17,880,240 23,596,950 

88,006,684 131,698,800 38 
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Table 10. 	Mean absolute difference (kg/ha) between ordinary (Yi) 
and transfer (Y(-i)) residuals at five Hydric Dystrandept 
sites 

Model 

13 treatment 49 central 
design points 81 grid points grid points 

Sitea (1) (2) (3) 

PUC- K 374 325 248 
BLJF -B 492 413 338 
KU K-C 307 253 283 
KU K-D 3<42 306 207 

LPH-I- 308 272 213-

Avracjrg 365 314 258 

itm c ral 	 grin , re pectively , i 5534Ya n po intfor each sire , 6313t 

7726, ard 3951. 

practices. 	It is the princ plrprtsc of' the rransf'cr 

experimnts to generate the nc'ecssary' diliia to 
sci en ificall y,est t lis ass u mp io l; the expcrie nce 

to datc clearly indic arcs the gecneral validity o, 

titc ivypoth[isis. 

"There are general trends predictable across all 

sites of each soil family network." 


No natter how similar the soils are, yields 
obtained ar ciff rcnrt sitcs \ii alwavs vary 
becausc of ditftrences ill weatlher 'onditions, 

iiSeaSeS, hnsccts, uLISand pIxV Illatimcn t[-

practices. Ncvcrthclcss, thcrc are gUcnc'ral trenls 

predictiahlt across all sires ofcaclh soil fallily 
network. \'ith rhe,uniinrroIill'd variabics taktn 

into ia'CLut, ftairly iaccurit, crop responses to the 
controtcoI.e variablcs can bt preCictei. 

It is notewortily that, altil( lgl sitc 
differencc's do exist, on-site inspections of transter 

expcrilnients rcvcid that similiaririUs arc lmiirc 
striking than arc dissinilalritics. Visually 
obscrved as well as incasUrcd ,rilwrli anI viid 

response to tr'ca-cn ltsas[cun generally 

remarkably siinilar aimi, it. ficrric\\h 
dcifterencc's (10 (cc or. thi' ,(,.,rc' hbcaI ,ri,tllc., 
such1 isweilt hCr and prMviN t, oa,,cenr 

Natural variat oms dLcrrainl h ri .,ri,.....hi 
Cxarndpic, base sItUrtit n -,ce thii 11h 'aithi 

tmrilv rthcr 	il1, ayiV lst di ffrc'n jatialrc_ 

rcspoinsc 	 imi , t1ics. \Vcitt Ii.r. as we!L-1I as it her 

ul n trolk-d ViItIN .S,idl\vAwS inl]L nCIC.(1-01) 

I'CSpItllSC to treattitMN. "l'si tiilCllt-rt! cd 
variahics, t.ricrch.rn, IiVi' bCiIriniiitrL-d so rllat 
c, cc ti27,t 1 1 i ak in urn 

their U t S (Al LI V l-lS 111i 

i~i'iilt Ill hi "1in-l analyasis ()I datilt1)\'cr all sitcs. 
It 1l111.-ISlA bu rcal izcd rit/ I i" st'ialhc sil i 

allows for varia Itlns illdci nCd auid iuidcltHIt'd si 
pr ilp Crtius. I na lL \ ' \ l inil v'if l ctir Istri,til r 

cxaml hc. sttail'O snhs il mi'lit' unlin th.il 
raimlc h'iil 5(0 1 ) 0 ff)riccli ',L li licll ill' 

be frin . I t)I erc ci, Id Srltii-Ci_il 
I't'atli iiiall ii i'atiid It\ bc n ,i[d in iicti ral, 

1
practicc, phlascs of soil fai iics iarc ihcrclorc tISc'
to narrow the C(ilcsipri'tcrtic. i inirtilt 
to itspecific _o'rl'litn uisc. Itfillih s Ihlar 
pinscs of'soil fain ilics aIhM\, ili i' C 

prcdiciistf cri'pLpI'CrEInlailictC ihanI sSoil 
filnfiy taxi ailllt'. 

"'tils , it 	is tVilt'nt Iltat IhC I' lS' ()1t ll soilsrt'SIr 	 of 
Of c/il soi failuily ictwork and tiliir lrtdLtltiion 

potenrcil arc clIitC si iliuar. h i' c' ,+iiiSis to 

treatint'nt Varialucs liaVc a1smnilar d,w\hichII 
suggCsts thit ill [c'nhll[)crs ofta sliisilihti' iv 

hIavC iacoinili ri'sli rsc' to iniial.'lit'lit 

pritcrices that iSt'hiractc.ristii of t flat flnilv' and 
ihitiiitt fromoltllrs. Futher xtt'"rincitioin 
itld tlIt' filialstaristical illi\'SiS, tht.rcr c, It 
expected 	to corrobhoratc tile Proec't hl\'IthlCsis. 

40 
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VARIETY TRIALS: 

Analysis of Local Varieties 

For proper assessment of the yield potential of a crop at different locations, 
common varieties must be planted at each site. In the transferexperiments in 
all three soil families, a variety of maize that is well adapted to its locale and 
agroenvironment is grown initially to minimize any catastrophe to an intro­
duced variety. Another criterion used by the Project in Selecting varieties for 
the transfer experiments is responsiveness to the variables being tested. 
Thus, varieties are screened in experiments that have N and P fertilizer 
differentials. Variety tests with maize confirmed the environmental adapt­
ability of a given cultivar in a given network. Yield results to date indicate 
that a universal variety is not presently available f)r the Hydric I)ystrandept
network, but a single variety (Pioneer X304C) is performing well through­
out the Tropeptic Eutrustox network. 

A sumnary ot varicties planted in the transfer varier'1-16 10'. Pioneer varietics 'X30iC,
experiments in all three soil tinilies indicates the '.18 16', '-18 17', and '5800)' producCd yields ()f5 to 
need to si lltltaneotusly plant both a variety 6 tons/ha during the less-than-optim urn season. 
experiment and a transfer experiment to identify Another variety experiment was ConlducLtCd 
a likely "best variety" fiar a given network. Fig. during the dry season, and the Hawaii varieties 
12 shows the range of maize variety yields oin the '1-1688' and '1-1610' performed as well as Pioneer 
Hydric l)ystrandept network. 1ible II varieties 'X30iC, '.i8 16', and 'i8 17' with yields
su1mmarizes the "best varieties" to date in each od8 to 8.5 tons. It is interesting to note that 
country' in each soil tiniily. iablcs 5, 6, and 7, Pioneer 'X3()iC' has also pe'rtormcd well on the 
Appendix 1, present SlM-nary' of yields inm Tropeptic utrrListoX sites in Hawaii and in 
variety experiments in the [Hydric Dystrandept, Puerto Rico. 
Tropeptic Eutrustox, ald Typic PalCudult soil l, cI'i,. One variety experiment with P X 
family networks. lime variables and two with P X N variables were 

installed in the dry and wet seasons, respectively. 
Indonesia varieties '1-16', 'Bastar Kuning', and 

'Harapan' gave the highest y'iClds )t'aboutThixotropic, 6 tons/haand about 3tons/. i inthe dry and wetisothermic Family of seasons,. respectively. '11610' from Hawaii and
Hydric Dystrandepts the. Phililpinc. varieties 'I)NI RComp. I'and'UP('A \ir. I' PrlLIced less grain, but they still 
taivli.One variety experiment with P X N gave acceptable yields.
variables was conducted in Hawaii during the wet ippi.Phil/1t, One variety expcriment with P X 
season. Several Pionecr hybrids were included in N variables tfor maliZe was conducted at the
the trial and generally outyieldCd the Hawaii primary site during the dry season. The Hawaii 
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varieties 'H61l0'and 11788' gave t It hi4lhest
 
yieids, whid were not different from those of Hawaii/IOLE/Dry 1978
 
'UPCA Var. I' (Philippine variety) or 'lima' and
 
1-16' (Indonesia vatrieties). TIPCA Vir. 1'lhas 'H610'
 

been used in transfer experiments in the
 

Philippines in rhe 1 vdric Dystrandcpt ftni ly.
 

'H788' 

Clayey, kaolinitic,
 
isohyperthermic Family of NMI&
 
Tropeptic Eutrustox
 

'Pioneer 

\trictv trials conlucted oin the clayey, X304C' 

ktolinitic, isoh\pertiermic lropeltic Lutrustox 
deni nsrrmted thit 11rnher oft- maize varieties 
are siUitaLeN for this a nilly of soils on the sites Indonesia/ITKA/Wet 1979 
tested. ()ne vatriety, Pioneer X.30.1C', has been 

both hwaii a 'Harapan'consistently high yieldingt 

Ptiertm RIcL. This hybrid hls been observed to 
hLvC a scrci t)'f braice roots, whhic SLiggests thalt 

it 11ly be stusce p-tibC t litdgin¢g, bu t1 I 'Wnosobo 

prdilin hLs Occurred during the several seasons it 

hits been tsed in varicty triafs and transfer 

experilitilts. Cmp.'R5' 

Other hybri Ishave Aso producCd (Liire well in 

Brizil and Puerto Ric,.'I AC Phoenix I 110'was H6' 

initillh'used in Brazil rests. This wis followed by 
another hybrid, 'Carg'ill 11', wilith AlsO yielded 
well ill varity%trails !il ilxmb Pucr[t) Rico)tie.Ill 


t vrir''trals 1 978~veiaib.it lt PterotR it) hePhilippines/PUC/Wet
first triansfir experiments \vere p1ilntCid to Pioneer 
X 306B. But ino19- Al transfer experiments alI 

all lLtrustOx siteS, itcLtdinri ti awai i , were 

I trted oneerrtoie hybrid, Pi X.3(),iC). 
Parl, Iii,,. Two milze-varicty X pitospt ihris­

level experitents were comntpleted lt lsilbeia 'H788' 

dUring9I-78, ()ne in the wet seasoi and one in the 
StLb.Ise.tt dry' scason. Varictal differences were 

Var. 1'large illboth cxerin-uns; in neither case, 


howe\:.r, was there aifurther response to the
 
higher level of applied P, and there was no variety =1-Low P"
 
X hrLis-treatcrit ipi]osp
inictiOn. 
 H6'timum P 

Anotthcr vatriety trial planted in 1978 and 
co1m1plCted itl 1979 vas estiiblished in a split­

split-plot design with two phosphorLIs levels, t\Vo 0 2000 4000 6000 8000 
nitrogen levels, aiti eight mize varieties. Maize grain yield (kg/ha) 
AltloLIgl these Cdtla hLve n(ot been anlyzed 
stittisticidlly, itippcirs rthat the hybrid Pineer Fig. 12. Range of maiie variety yields in thre cotlit­tries in tite livdric )vstraindepts network. iRep.misive-
X .i ' colriltled to rink hi gh but Was ness ofeach variety t)Padded was most dramatic in the 

surpassed illyield by another Piuneer hybrid, Plilippines. 43 
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Table 11. 	 Best adapted maize varieties for each 
soil family 

....
t ........... i........... 
Hydric Dys ,,,iji,is 


Hqawaii (USA) HG10O
Hawuidrio (USA) 0was
H61 
Phltirop i tJPCA Var. 1 

TroppticEtrustox 

Hawaii (USA) 	 Pioneer X304C 
Purtoh Rico (USA) Pioneer X304C 
Bw .l 	 Pioiweer X304C 

T'yic.Paieu,,tI 
P;hiliPor'ia 	 TiH 


'5800'. This was a wet-season experiment, Ii1ld 
most variety yields were relatively low. 

1 3 r,
,i.Brazil data have not been statistically 
,tnal'zetl; howevCr, it would appear that Pioneer 
hybrids 'X3() C and X3)6B"and 'IAC Phoenix 
I111)' 'ieldCd best during the wet season, and 
'Cargill I I I' ranked highest by' a narrow margin 
during the dry season. 

The second IN'I'S()t international soybean 
variety trial planted in Brazil wits completed 
during 1978. (;ri in yields rangcd from 173-i kg/ 
ha tor the variety 'Rillito' to 3367 kg/ha for the 
variety' Dav is'. 'Essex' antI '( :ulInn bus' 'ielded 
288-i and 28.i5 kt,/ha, just below, but not 
significantly less than, Davis. It is of interest that 
'Bragg' and 'Bossier' iire varieties that ranked low 
in this dry-season experiinent but ranked near the 
top along 	with the variety 'Davis' in the INTSOY 

trial ofthe preceding wet season on the same site 

at Jaiba. 
aawaii. One variety trial was conducted 

on the Hawaii Tropeptic FLutrustox site. Pioneer 
'X301C' gave the highest yield of"7 tons/ha and 

followed by Hawaii varieties '1-1788' and 
'H610' with yields of6.6 tons/ha. Other varieties 
had yields of"5.9 to 6.5 tons/ha. All varieties 
were responsive to N and P. 

Clayey, kaolinitic,
isohyperthermic Family 

of Typic Paleudults 
Id(/csid. The first N X P variety experiment 
was conducted ttthe Nakau site Luring the wet 
season, 1979. Varieties 'Kodok' and 'Metro' 
gave the highest yields of 5.9 and 5.-i tons/ha, 
respe'ctivcly. Variety '116' gave the lowest 
yields of.i.5 tons/ha. 

Phi/i/ph,.. The first N x P variety experiment 
at tile [)avao site was condulcted during the dry 
season, 1979. Philippine variety 'DMR Comp. I' 
and Indonesian variety '16' gave the highest 
yields of 5.3 and 5. 1tons/ha, respectively. 
Other Phiil ippin varictics had yields of 3.8 
and -1.6 tons. 

illcre does not appear to be a generally adapted 
variety for the Typic Paleudu,lts from these first 
two tests. We hope one may be foind in 
the future. 
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MANAGEMENT EXPERIMENTS: 

Utilizing Local Resources 

Management experiments are conducted on all three soil families to study
 
agronomic problems and to identify practices for local farmers with limited
 
resources. The objectives of management experiments are (1) to provide
 
information to local government agencies on ways to increase production by
 
improved availability and utilization of resources and (2) to provide basic
 
information for governments to provide to local farmers with limited re­
sources to improve crop yields at different levels of management. These tests
 
should eventually lead to determination of the most economic and efficient
 
agricultural practices for each country and information for subsequent soil
 
interpretation and land capability classification. 

Experiments carried out include tests to determine the limiting nutrients
 
in a soil; the proper amounts of phosphorus to be applied at various band
 
widths; the effects of organic manure, spacing of corn plants, residual effects
 
of phosphorus, and frequency of irrigation; and other important manage­
ment practices.
 

A total of 32 management experiments were Benchmark Soils Project sites with successive 
conducted on the three soil families, primarily at plantings of maize or other crops in the same 
the request of cooperating countries of plots without further addition of P. Data for three 
the Project. crops planted over a 3-year period have been 

obtained in Hawaii, Indonesia, and the 

Residual Effects of Philippines and indicate continued response to P
ph even in the last crop planted. Irish potatoes, headPhosp orus cabbage, and soybeans, as well as maize, were 

Volcanic ash soils such as the Hydric planted in residual P experiments in Indonesia, 

Dystrandepts have the capacity to fix relatively 
large amounts of P fertilizers, so a farmer Must "Persistence of phosphor.us is being assessed in 
apply large enough amounts of P fertilizer to some of the sites with successive plantings of 
partially satisfy the fixation capacity of the soil 

further addition of phosphorus."and still have some available P remaining for the 

crop. This can increase the farmer's fertilizer costs 

substantially. However, response to application of 
P fertilizer in these soils is obtained not omly in and all indicated residual P supplied crop needs 
the crop planted immediately after P application, and increased yields. 
but also in crops planted later. Persistence of P A single P application wa3 effective in 
fertilizer is being assessed in some of the supplying the P requirements of five consecutive 45 
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crops grown over at period )falmost 18 months at 
the LPHS secondary site in Indonesia (Fig. 13). 
Yields are expressed its it percent of the yields of 
the middle treatment (coded zero P, zero lime 
levels) and plotted against coded P. Response to) P 
varied markedly with the crop grown, but yields 
of all crops, except peanuts, increased over that of 
the control (zero P) with applied or residual P. 
Yields of the controls varied from 37 percent for 
head cabbage to 89 percent tor maize. Yields of 

peanuts in the control treatment were 116 percent 
of yields of the middle treatment. Increased 
yields from fertilizer applied to the first crop were 

realized for all crops, except peanuts which 
appeared to be adversely affected by increasing 
amounts of'residual P. N and K were reapplied its 
needed. The amount of P initially applied was 
150 kg/ha for the -. 85 1 and 515 kg/ha f'or the 
+.85 P treatments. 

Yields of the middle treatment (coded zero P, 
zero lime) for these crops, in order of planting, 
were 3821 kg/ha 1ier maize; 17, 173 kg/ha for 
potatoes; 19,300 kg/ha for head cabbage; l-j00 

kg/ha for peanuts; and 6385 kg/ha for the second 
crop of maize. The nearly twofold difference in 
maize yields was largely because (1) the first crop 

130 ,, VWN.. 

120i 

11 
6P 
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800 
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80i 

r I­
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-1.85 0.8 
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Fig. 13. Efflet ofa single phosphorus application on f-iv CoSeCutiveC crops on atHydlric Iystrandepc in Indonesia. 
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kg K/ha. Response to N at this site was quite Two experiments wvere installed to determine 
erratic and was not shown to be significantly the P, K, and lime requirements of soybean 
different. Addition of the "blanket" fertilizer variety' ,rba' on the Hydric Dystrandept sites in 
treatment only, which consisted of 100 pplm Mg, Indonesia. Adequate aimouints of nutrients 
15 ppm Zn, and 2 ppn 13, increased 'ields were 113 kg P/ha, 88 kg K/ha, and -i.3 
significantly over th,- control treatment, which to 6. 5 tons lime/ha, depending on the site. At 
received no fertilizcr. the ITKA site, (Fig. 1-4), the minus Mg 

Hydric Dystrandepts 
Indonesia/ITKA-N/Wet 78 

Lime 
E (P Response ) Response

(+ K + Lime) (+P+K) 

-K 
 Response4
2500 P Response (+ P+Lime) 
2; E "(+ K - Lime)" 

..5 

MO 

~ 2000 

*0 

Z 

2 1500 
0, 

0).0 

1000 

500 

0 -- , i ,_ 

P(kg/ha) 112.. 112.5 112.5 0 56.3 112.5 0 56.3 112.5168.75 112.5 112.5 112.5 112.5 112.5 112.5 112.5 

C 
K (kg/ha) u 87.7 87.7 0 87.7 87.7 87.7 87.7 87.7 87.7 43.9 0 43.9 87.7 87.7 87.787.7 175.5C 

0 

Lime (tons/ha) ' a 6.5 6.5 0 0 00 6.5 6.5 6.5 6.5 0 6.5 6.5 6.5 0 6.5 9.8
E ­
ou 

Fertilizer treatment 

Fig. 14. Soybean (Orba') response to phosphorus, potassiUm, lime, and micronLutrients on a Hydric l)ystrandept
48 in Indonesia. 
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treatments reduced yields only slightly from the 
treatment with Mg, but leaving out Mo caused it 
yield decrease of about iJt0 kg/ha. Experiments of 
this type indicate tile kind and lCvcl of nutrients 
required by it crop ill it particular soil fiamily. 

PPlacement x Organic 
Manure on Maize 
This experiment was installed ill 1977 and 
continued through 1978 at the primary site 
(ITKA) in Indonesia ()n tile Hydric Dystrandept 
soil. There are four R-placement treatments: 
,roadcast, j7.5-cm wide uband, 25-cm band, and 
12. 5-cm balnd. The aIIlOLn t Of' P aplplied is to 

provide 0.05 ppn P inI solution to the t'rtilized 
area. There is also a,cntro l plot that receives only 
the llanket" application of fertilizer, consisting 
of M, Zn, and B, and aIcomplete control plot 
that receives no ftrtilizer at all. The organic 
mlanlure treatments are farmiyard mnanure (F[YM) 

andmaiet iet n ilc.These treatneiits are 
Hc ytrandelpts 

VA 7 
applied in fictorial combination. FoUr crops will 8000 
be planted in t il;' Lxperiment, and additional P :, 
will be added itrete banded P ratments so that 7000 ' . " ' 
the saime total amouInt Of' P will have bCn added .,, 
to all P Plots bV the im tile fourth crop is : 

planted. Maize variety I larapan' is being grown. 6000 
lhe b iadcast P app licatiion with 30 tons/ha of R 

FYNI andl 1111.lch gaveC the highest yieIlds (FI g. 5QQ L. On uoh 
15). Add ition of both FYNI and mulch gavC \ , ' dll 

consistently lihter viehls over all P treatments U )4 ' o,,ntc.; 
than either 11nun re or in ilC1h ahMe. Results of"N 4000 . 

this experimenr indicate that local faremers Inay U [ oAcoite cntro, , 
re.alize vield increases at hw cost by the addition i I 

of maize stover mulch or FYNI, and will also 3000 
indicate, whether the same yields can be obtained P'O rP In, mba ,: 
from one large application of P, which reCluiires 2000 'D 2.. bond5 
considerable capital fo(r the first crop, its from f'bur
small applications of P',w ich requires less :0;. i, P_ I h 37.5-1yr 

capital per crop. 1000c*,F . ' ..........ap. . 

0 in 16
Maximizing the Effect of O A B C D E 

Low PInputs Plevel and placement 

Considering that Hydric Dystrandepts and Fig. 15. Effect of manure and mulch, and phosphorus placement, 
sinilar soils require large amounts of P fertilizer, on mnaize ('Ilarapal') grain yield oi a Ilydric l)ystrandept in 
which is expensive for small farmers with limited Indonesia. 49 
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Alf- capital, i P rate X phiceiient experiml'ent wais
stallcd in March 1978 at the PUC site in the 
Hilippins to dlteritine tile MOSt ef'iC'llt 

•_ o tiization of low rates of'1 fertilizer. Rate 
treatcrients ranged fromi 10 to 320) kg P/ha. 
Placemen ts included bhracLast application with 
incorpo rat ion ( 100 percent of tillage layer = I) 
dccreasing b steps to atband width oft9.8 ci ( 
of"tile tillage layer fertilized), and fi nally a drill 
appl icat ion inl at smlall banid to thle side and below 
the seed row. lble 12 gives the complete list 

of treatments. 

Yield results for the first mai.ze crop (Fig. 16) 
7 indicate a negative Cff'ct from restricted 

p~ilacets at igh rates of Ho kg/hai or abhove; 
however, at the low rates of' 10 and 20 kg/hectare, 

vudi9and i2 percent higher thani thebroadcast treatments, respectivuly, were obtained 
fromn the Wi-bandwidth placement. "hus, even 

fior the first crop, placceiient increased the 
, efficiency if the P fertilizer appluCd and tile 

inresd 'Iltl chLic to pIciiCIl 'in thcsc two 
i.ases \'swsml(re r hali adCjuatc to pay for tile 13 
fcrtilizer at these rates. Restrictcd plIcCmcnt is 
AlsO cxpectcd to increase the residual effect of" 

' -phosphorus aid rite experiment will be replanted 
in 1979 and 1980 to cuantifs' this cf'eCt. Thiesc 
inlitial resuIts show prom isc for developing 
fertilizer application methods that maximize 
returns frol snfall P applications on soils 

- M* , with high P fertilizer requirements. 

Nairr \ bands (f stuperpho sphate are applied by hand 
prior to planting at P( V., Naga City, tile Philippines. 
lesdhIts frmn this e\pcrinrlnt are showm'n graphically ill 
I:igurcI 6. 

Table 12. Treatment combinations for rate x placement of phosphorus experiment, Hydric Dystrandepts, PUC, the Philippines, 
1978 

Placement of P 
Width relative to Band width Rate of P (kgfha~b Number of 
broadcast treatment a (cm) 0 10 20 40 80 113 160 226 320 treatments 
1 

iA18.3 
1/8 

DI ill 

C mnrol 


' Iroidcas;i i 

h hl ies corll
50 

7! X X X X X X 7 

9.4 
-. 

X 

X 
X 

X 
X 
X 

X 
-X- X 

X 
4 
3 
1 

lpijicatlioi;drill is osl ifated it 11225. 

ctin lX's indicate lileatlnut wilth equal concenlration of lihosphorts inthe volJ e of soil fertili/ed. 
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Fig. 16. Effect of phosphorus placement using drill, 
1020 40 80 120 160 320 handing, aid broadcast methods, on maize (UPCA 

P applied (kg/ha) var. I') grain yiels on a Hydric Dystrandept in the 
Philippines. 

An NPK experiment provides a graphic picture of the effects of fertilizer application. 51 



Maize Plant Density 
At Jaiba, it maize plat l1ppulation experiment 
was conducted at the primary site during 
the 1978 wet season. This Was it follow-tLI 
of a previous plant population experiment 
conducted inl 1977, but was laid out in the 
plant density "'wheel" design rather than in it 
conventional design. 

The objective of the experiment was to 
evaluate i very wide range of maize plant stand 
densities from hand-planted low poplations 
colmon in small-flarm operations in the tropics 
to relatively high plant densities using it modern 
hybrid maize well-adapted to the area. 

70,000 ,,-, 

60,000m 

c 

40,000 ,-

C 

>, 30,000­

20,000 ,,,.. 

10,000 " 

0 1000 2000 3000 

Twenty-five concentric circles plus borders 
were planted each to 12-i maize hills with three 
seeds in each hill and litter thinned to one plant 
per hill. Space between concentric circles was 
adjusted to give plt populations from 
approximately 6,60() to 70,000 plants/ha from 
the inside to the outside circles, rcspectively. 

A summary of the results of this experiment is 
presented in Fig. 17. Grain yield per unit area 
was reduced by over threefold as population 
density decreased from about 70,000 to 8,000 
plants/ha. In addition, yield components such Is 
nUmber of ears per plant, grain weight per plant, 
and mean ear weight increased by up to nearly 
threefold as population density was reduced. 

4000 5000 6000 7000 8000
 

Maize grain yield (kg/ha)
 

Fig. 17. Eff'ect ofplanting density oli maize grain yield on a'Iropeptic FutrUstox in Brazil.
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ACCEPTANCE OF SP CONCEPTS 

National and International Networks
 

International coordination and cooperation is vital to the effective transfer 
of agroproduction technology, and the Benchmark Soils Project is assisting in 
gathering soils data and increasing inforrmation exchange within the tropical 
soils network. International linkages within the Project exist on two levels: 
by soil family and by cooperating country organizations and agencies. The 
objectives, concepts, and results of the Benchmark Soils Project are stimulat­
ing and facilitating host-country Benchmark activities, il)cluding classifica­
tion of soils according to Soil Taxononly, training activities on soil classifica­
tion and agrotechnology transfer, and advisory councilk ,:n effCctive land-use 
planning utilizing Benchmark Soils Project concepts. 

Linkages 	 host-country cooprt n ts PAM ; 
(Empresa dc Pesquiisa ArolpccuI;'ria dc Ninas 

The Benchmark Soils Project is a cooperative Gerais), Brazil; ONANIN.ST (Office National de La 
research program between the College ofTropical Recherche Scienrifiue Ct TUChnileC), Canmeroon; 
Agriculture and Hurnan Resources at the PCARR (Phiii ppine CuMlt f0I 1oicicnlture and 
University of l-lawai i and the College of, Resources Rcs.arch), phil i'lpir, ,S I (Soil 
Agricultural Sciences at the University of Puerto Research Insticur), Indonesia; (1? (University of 
Rico, with on-site experiments in the cooperating H-awaii), USA; and UPR (Univer.,nity of Puerto 
countries of Brazil, Indonesia, the Philippines, Rico), Puerto Rico. Other agencics and 
and soon Cameroon. Funding is by contract institutions that are collaborating in comparing 
with AIl). research restlIts and requirements and thlius are 

supporting BSP concepts and goals include 
EMB RAPA (Finpresa Brasileira de PCstjuLsa"An agreement was signed between BSP and the Agropecu'iria); IITA (International Iistituite of 

IFDC for a collaborative research project on the Tropical Agriculture); INTSOY (International 
evaluation of phosphorus fertilizer materials on a Soybean Program); CST ((onsortium on Soils of 
network of Benchmark soils of the tropics." the Tropics); ORSTONM (Office de lhi Recherche, 

SciCntifioluC Ct T"ClhIniIut. Outtre-Mcr): IFI)C 
As of.JLune 30, 1979, 2 1 experimental sites (International le.ri iilizer Development ('encter); 

were operational on a network of three tropical ICRISAT (linternati(nal C.rps Research Institute 
soil tamilies; the remaining sites ar expectetL to 	 for the Semi-Arid Tropics); SEAR(A (SouthCast 
be operating by the end of' 1979. 	 Asian Regional Center for Gradtuate Stldy aind 

The number of actively cooperating Research in Agriculture); NifIAL (Nitrogen 
organizations iII various countries is now 20. Fixation by Tropical l.Cgumes), IN PU!TS 
Official linkages exist between the Project and 	 (Increasing Productivity Under Tiglht Supplies), 54 

http:ONANIN.ST


East-\Vest Center; tie Soil Conservation Service Collaborative Research on
 
(S(;S) ofthe U. S. Department of Ariculture; tie DSP Soils Network
 
Food and AgricuIlt rc Organi/atiin if the United
(FA()) 	 .Natl 1 dA misso. 	 A new linkage between the Benchmark Soils


Pro)ject and the IFI)C (International 
Fertilizer 

Dc-clopnlenr -ienter)was establisied in
 
Novcnilcr 1978, when an agreement was
Agreement with ONAREST signed for a collab,.rativ. research project on,
 

An agrecment was ncgotiated bctween Hawaii's the FVALuation of Phosplhoirus lertilizer Materials
 
Benchmark Soils Project and Cam eroonI's and Placement Effects in a Nctw 
 rk of
 
National ()ffice for Sc icn t if'c imId 'ICcInic-il Benchmark So ilsof the Tropics.
 
Research (ONAREST) in Jine 1979. Iavid Ilarris, doctoral candidatC at the
 

Under this agreement, Hawaii BSP will University of Hawaii and gradtct assistant with 
COO cratc with (ameroon in the introduction the BSP, Will supervise plantings and hiarvests of
 
of applied research directed toward linking soil 
 maize at five BS P sites: lu zon, rh Philippines;
 
sLir-vy aid suil surveV data interpretation with Mindanao, the Philippines; Java, lndnesia;
 
rcseart 11onicrop growth and thiseoptiinal u of SL.matra, IlndoCsia; and Hawaii. The
 
soil resources. The BSP/(NAIREST agreement experiments will compare phisplhorLis fertilizcr
 
cmplcnciints thce activities of"the FA(/U NIDP 
 materials at each site, intluIIding ground rock 
rouLp iinCincrin xwho arc c nc-rtrating their phosphates fri IItxVO Sourcs and minigrariUles 

act i it itS on Soisol rvcy's and land suitabilit' madc from ties rocks by a process dcvCiihped I 
studies for rural development pr jcts antd the IFDC. Final harvests ftr t-rexperiments are 
ai-ri'Cidigical studies on plaiit and sOii anlalyses. scheduled tir inid- 1980, and rcsults Will be 
There is a nccd fir crop pridtuction information compilcd iinHarris' doctoral dissertation. 
to assist ill il int-rprc-tat ii, which makcs the 
BSP actix i itcs ver tiriiClv'. 

The Bnchmark Soils Project is also being Networking Assistance 
asked to assist in the preparation of a long-term to NifTAL 
research plr,gra, i in agropetdoligy (phlt anti At a January xw'irksho p on the Island Of Mauli, 
soil rclat iiis)for thc- humid tropical areas of Hawaii, James A. Silva, Principal Investigator
 
Camcroon based on the results of its research, of the BSP, offecred tlce rIse of Benchmark sites
 

Table 13. Summary classification of soils of the INPUTS experimental sites by the Benchmark Soils Project, 1979 

Country Soil series Probable classification 
Bangladesh Sonalala l-aplic Hydraquents or Afi c Haplaquents, coarse-silty, mixed, hyperthermic 
Guam SND Lithic Dystropepts, fine, mixe(f, isohiyperhllermiC 
Iran Amol Typic I-aplaqti-eits, fine, mixed, therimic 

Rasht Aeric Haplaquepts, fine, mixed, tlherriic or ilesic 
Deftil Typic or Udic Ustrochrepts, fine, mixed, hyperthermic

Pakistan Lalian Typic Usti fluvents or Ust -rlic Torri fluvents, coarse-tfalmy or coarse-silty, siliceous 
Philippines SND a Typic or Ustic Dystrocrepts, fine-loamy or finu-silty, mixed, isohyperthermic
Taiwan Tali Typic or Ljdir Usti flovents, coarse-loammy or coarse-silty, hyperthermic 

Liuying Samne as Tali series 
Thailar i Saraburi (1) Aeric Tropaquepts, fine, mixed, isohyperthermic 

Saraburi (2) Same as Saraburi (0)series 

aSND series not designated. 
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to NiIAI. (Nitrogen Fixation by Tropical 
Legumes) ,t lniversity of llawajii project funded 
by All) conract ta-(- 1207, as a,beginning of a 
nctvwrk f sites to test h izobituon strains. Silva 
made t prtiso, lhowever, ihat prior app, oval be 
obtained by NiTAI. f'rE1 tihe hEEst ,tErnient in 
each cO ntr\. NiIAIL has alrcady used riet BSP 
lolC site on tile Big Island ot'-lawaii 

Silva recttnended that ill experimental sites 
be classified acct rding tE Soil I"lixonoiny sEEthat 
the crop and soil inlfrmarion gained can be added 
to the Benchmark ),at, Bank and be available for 
transfer hr tughtEit the(., trhEpical worlt. In 

addition, ie t(ftered BSP assistance in analysis for 
soil characterizattion and reminded the groLI) that 
profile samiples must be prtoperly co~llected and 
described bV a i 1pMCtent soil sor,'eyo r, is is 
retquoired aofthe INPUTS (Increasing Productivity 

Under Tight SLIppIl ics) program of the East-\West 
Center in I thtnEol lI, another collaborative effort 
ofthe lernlimark Soils Project. 

Cropping Systems Research 

Jerry L. Nlcohiitsh. Cropping Systems 
Agront ist, (Cooperati'eCRIA/IRRI Program 
(Central Research Institute for Agriculture/ 
International Rice Research InstitLte) in 
Indonesia, has been granted at year's study leave in 
1980 with the [Hawaii Benchmark Stoils Project. 
He plans to studyv htw BSP research relates to tle 
cropping patterns and technology developed at 
CRIA in relation to relevant socittccnoinic 
cutnditiolls affecting agricultural prodLuctioii. Fie 
is especially interested in [how soil classification 
according to Soil Iaxonomy might be used within 
CRIA in the developnent tf cropping systems for 
different areas. 

"Host-country networks of tropical soils are the first 
step in the development of an international 
network of Benchmark soils." 

Host-Country 
Activities 
To facilitate the transfer of agrotechnology to 
local farmers, several countries have established 

or have expressed interest in establishing national 
Benchmark soils networks. 

These local networks are the first step in the 
development at internationalaframewofrk for an 
netwrk f BIench mark so ils. 

It is imloptat r t,, strcss that it may not be 
pE ssible to work at the soil fiail level on a 
national scale. Indeed, for somlU h,,mt)gentoOuS soil 
groups, it ltiay be on necessary. 

l'xtUral phases ot'su!groups may generally 
suffice fur ntional Benchmark soil networks. 
OpportttniitiCs should c ntin allly be sOLIglt 
through research to (et ermini the mtost effective 

level ElfthC classifICicatit1 t be used fo r any part 
tfIthe netwErk. Tihe most Citlective means is that 

level t lthe classification at which in ftrmat ltil 
tratnster can be made acc Urarcly Clnotigl f'or 
regional or national pluu ing puirposes.
 

The experiments CtMlcteh t national
 
Betclimark sites will neCd to be utonddocted in a
 
ystintitic and (,st-effectve way. bot they will
 

not need t0 he Is ctupl ictted as Mr transfe.r 
experiments. The i)rptise here is-o obtain data 
to recommend farm in practices f ir the average 
to better-than-average tmaers. A good 'ob 
OfSoil survey interpretatio ni apping uoifts 
and recommendat itons based ()ii resu lts 
of management experiments twt a network (of 
B!,enchmark sires will go a long way in increasing 
the valCe of soils information in agricultural 
development planning. 

Brazil 
EMBRAPA (Empresa Brasileira (Ie Pesquisa 
AgropecLiria) expressed a keen interest inl the 
concepts, strategy, and r'e,earch of the Benchmark 
Soils Project. Of particular concern is the 

utilization tof' BSP-generated knowledge, in the 
areas of both reCjuired Management practices and 
best-adapted varieties. 

Brazilian officials of the Servico de 
Levantamentti e (Ensurvacati de Solos (SNI.CS) 
otf EMBI APA have also expressed interest in 
national programs. During a recent visit to 
Brazil, F.H. Beinrtth was asked to assist in 

conceiving asuitable strategy to utilize the 
Benchmark Soils concept in Brazil. In-country 
scientists and cooperators have been favorably 
impressed by Project operations inl Jaiba and can 56 
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Agencies cooperating with tIleISP inIndonesia (right) and the Phililpine (lelt) facilitate thevertical translr
 
-fagrotechnlogy tolotal farmers.
 

VIsual ize the impact inkIkfi t iignational network Indonesia
 
to ()one at an internati()mal level. Jo rge ()lmnos,

senior soil scientist vith SNICS, and Derli OVER 200 INCOUNTRY CENTERS FORESEENPrudente Santana, liaison butween I PAMIG Agricultural Development Centers (ADCs) have
(limpresa du PUSL'Iisa Agropecuairia de Mi nas 
 recently been established at Soropadon, ('entral(;erais) and IPR. visited the BSP sites in Miinas 
 .Java, and l1on[hon, \\'est Java. Acc(rdin" to
Ger,ius with Beinroth. iheir trip reflected at 	 1). Mul jad i,l)iructor )fSRI (Soil lesearchgrowing interest on the part of SNILCS- Institute), these AI)Cs have integrated various
F-MBRAPA in the utilization oftthe Benchmark 
 agricultural disciplines to test differentsoils phil)sophy at tnational level in Brazil. co)mmo0dities, primarily ft)()d crops, for suitability
FPAMIG contilluS tobe all excellent and local farmers. "Iechnical int rmationsuipportive cooperator (fthe BSP inBrazil. 	

to)r Irom 
research institutes aMd universities on theseHlVeci) Miattana Satturnino, President of commodities isprovided to extension specialists
-PANIIG,suggested that EPAIMIG publicize BSP 
 at the AI)Cs ft)rUse by both field extension 

concepts and reusLlts in variouS existing E'PAIMIG specialists and fitrmers.
publications and periodicals widely circulated in A primary activity at each A1)C is conductingthe State of M inas Gerais. Hie also proposed that applied field research fur demonstration and pilotfield days be held on-site in jaibAi to provide programs. Cropping systems at the center areresearchers and falrmers with an opportunity to determined by agronomists under the leadershiplearn about the ProIct. of Ir.\Vardojo, Director General of Food Crops.
(NPMS (Cuntru National de Puistla de 
 The information received and generated at theseNIilho cSorgo) is cooperating with the BSP in AD('s is then available far transfer to fairmcrsconducting line-source sprinkler irrigation and productiom centers on similar soils
experiments with maize and sorghum in which and environments.
the amount ofapplied water :sa continuious Ntuljadi indicated that these centers arevariable, 

situated on Benchmark and extensive soils of 57 
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The tirst lISP experi mental site was established in 197i 
on a tlixotropic, iso hermic Iivclric I).strandept [,ear 
I h0nHtkiu M]ithe Island f l lawaji. 

at part ic lar area. The stIls weSre itCn r it'iCd by 
SRI, and caich cencer is mapped at a scale of' 
1:2000. T\V iaddit ttal cnterCltS are it.arint 

esriablIsihMcit in Bl'l ti , Eat Java, anid in 
leg inileitlgl..iiii+,nl+t in att lh Ii nilateN',Sn ra. 

20() suIIct Cr CrM all titenxisnCt 1 *ftr 

Inlnitnesi,.; hience, theru iS InIcI eiiihIsis o!1 soil 

sr\'e\' and soil c lassiicat in to duturmine soil 
restl-I'CC (iLtndtilc'si" a. 

SRI his ,is( itiitci its ini-cOnI ntry, )tr 

illt 1t*illt, Beont. liark Sotils Ilctxwrk with tihe 
csIibl isIIcit t tf Ian elCpri mctI.'1 ftrn in 

L]npun.l., Stilt S trla. This iCc' has been 
operat ioll since eal7 I7,*. AISt , il ot.tiperat ltn 
xxh tle (iClrlralC Researc1h IrSt iul t1 r 

AgricuIlti.trc ((RIA)t I 'SIA *)/.Jakarta,SRI has 
ken cCni ctit stl if surveys ill Slatra to 
identif\y stltilS OH \VicIi it. aCric ultUItral research 

staltioIns arMT t be situiatd. TieIsC stitltns mLi' 
AlSo bcc'neC Putt tdfra titttlill oerwttrk Of 

expetimcirtt stilt it 0s tIll k.y tir Benchmiark soilIs. 

SIL A, rI ir, 1i''i.A FI P1L'[L",V 

.I.A. Silva ,aid (.Y. Tsuji particilitCd ill the 
58 annual re.view of ProLject, 197-() 189, Assistance to 

A-~iCtIltUre, at thle 1la*i 'itat ion Of"\'.('.111ippanl 
anI M. Korin f the AI1) miss ion 1n.Jakarta. 
Silva made a brif'.sl RIC presntat tln of lBSP 

Vith cinpliasis otn vork inl Indon.sia. 
1). Nitijadi, l)irector ofSRI (Soil Research 

. I PG.. \\"idjlia-Adli, SRI 
Ct itIrd ti )r BSlR-lI]dnesi,I, Id 1R.(. 

Manufttcillillai, til Protc t Lcadcr in IntLIntCsId, 

wxxcwre alst) present at rh rcvihw. IJr tject () 189 has 
sci vcd Is tn unlibrClla fOr the operation Otlic 

nchinark So ils Projec r in Indo(ne0'sia s'nc 1976. 

Sila, Tsuji, and \\ditaja-Adhi alst had a 
LiitnitLIe ()pportunity to) lIeld di.,CtLISS Project 
,~. A mbassadorgOals and activitics witrh U.S. 
- tlgielle Miasters ill the t unnpanv of' DI)utiy 
Director Sara Jane. LitrlCfied. TIptMpain, and 

Philippines 

PROPOSAL FOR t4AUiOrAL PPROGAM 

A national program is also being proptosCd in the 
Phil iltpnes . Recently, i draft of a proposal for at 
national research program oin The Classificationl 

of Philippine Stils and A rtch nt iii 1.y Transfer 
Using Soil lax on(un \\m,is prepirCd i tlIly by 

G. N. Alcasid, .Jr., and R. Sa.itos of tle B tir(.i 

of'Soils; A. Maglnao of PC AlR R (Philifppiic 
Council tfr Agriculturc an1d RcSOurces Research); 

A.A. Briones ofthe University ofthe lPhilip'Ines 
at Los linos; inl\d MI.F. Riindo, lISP Project 

Leader in the Phililippinis. 
The prtptosal ICud Cs the gCneral franexwork, 

the manpowcr .tld logistic re.1 Uirements and the, 

timetable for operatimns. The areas proposed to be 
coxered intlu ttile Ilocos region, the Cilgayall 
\alley, tle Bicol region, All in LOun; Samar and 
Leyte in tihe Visayas; and the Agusan River Basin 
In Mindanao. E-xisting regional agricultural 

dCvelopmec1nt programs in these areas would be 
greatly aiecl by rht prttpt scd wt trkslttps oil 
Soil 'Iixonttiny ant.id agrtttec'iittlttgy transfer 

Lsin [IS P coclI)ts. 
The draft pruptisal is schCdule'd fbr preseita­

on to f-inlhancing ogencis s5tinlctime in April. 
Final prepiratittl off the protgram proposal and 
initial implemcntation of the prttgram will 
require coopcriltion frttm tllItsiCe consuliints, 

inlCudiLl.ng BSP persotnnel. 

http:inlCudiLl.ng


PHILIPPINE ADVISORY COW,,1-TEE RECOAMMEENDS 
CLASSIFICATIOrN OF OiLS 

Strong interest was exhibited by Philippine 
governent agencies in Litiliziny the concept of 
;lgr technology trans!erence based on soil 
classification accordin, ti) Soil laxoiomy, which 
is the basis ,fthe Benchmark Soils Pr iject. 

'rcsent Philippine so i maps are mostly soil 
reconnaissance surveys conducted before the Soil 

Iltxoinnnnv existed. The lPhilippine advisory 
corn i ittee ti the Benchmark Soils Project 
SUppirted the concept ot developing a more 
LIset ml balsic class it ication system but explained 
that they had neither li1C personnel nor the 
cljLiipifleit to tMidertake such a classification. 
They su ggUsted that classification Ofsoils should 
be initiatcld in three arcas: Cagayan Vallev, 
labla; Illo,.s Norte; and the Bicol 
River Basin. 

The University f the lhilippiunes at Los Bahos 
(VPI.I) indicated that research ettfkrts at the 
University c(ould be tied into the classification 
effort; the CIAI)P (Cagayan Integrated Area 

Birazil cooperation includes line-
source sprinkler irrigation experi- (.. 
ments with maize and sorghum, in­
which the Centro Nacional de Pes­
quisa dI Milho c Sorgo worked 
with 'PAMIG and the BSP. Sov­
bean trials using varieties contrib­
uted by INTSOY were also run in 
Brazil and Puerto Rico. 

Development Program), also oftfered both 
financial and research assistance. 

PCAPR E\%Y.LUATIO ,NTS/'AVAO 
A soil research Cv ,Ltiiin tam f thle Soils and 
Water Research Division oftle Phililppine 

ounciIl or A tritUltutre and Resourtces Research 
(FPCAI) made a two-day review evaduation of 
on~iing soil reseairch in l in April 6­

1978. They visited the Benchmark Soils Project 
site in the B11-Dtvao lxperiment StationMand the 
projects of the BurCau, Of Soils and the Philipp1ine 
Coconut Authority. 

Other Expressions 
of Interest
 
lxpressions of interest in the prercluisites for the 
utilization of' BSP concepts have been received 
recently from A. I)erenolcotirt, President of 
AGROTI-CNIQUI: of -Iaiti , and F.lyamureye 
of ISA R-Riibona, IBiitare, Rwanda. 

, ­

* :' .. , 
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DISSEMINATION OF RESULTS 

Communications Network
 

The communication of research results and the establishment of a response 
capability to assist developing countries in transferring agrotechnology in 
tropical and subtropical areas is the main thrust of the dissemination and 
utilization program. One of the major means ofdissemination of information 
is the Benchmark )ata Bank, which has the capability of establishing a 
worldwide agrotechnology transfer network. Conferences and workshops 
combine theory and practical application among members ofthe national and 
international O)mmtLity of agencies and institutions and individuals. The 
Benchmark Training Program is being developed with workshops in host 
countries oi Soil Taxonony and agrotechnology transfer. Publications are an 
effective means of prom>ting world awareness of BSP concepts and LItiliza­
tion of Soil lxonomy as a means to agrotechnohogy transfer. 

Awareness of lroject goals at the international transfcr of information to'r country-uIse. For 
level has been created throlugh training programs, example, representatives of the Philippine 
workshops, confercnces, and publications. Council for Agriculture and Resources Research 
Communication linkages with international (PCARR), the Bureau of Soils, the College of 
agricultural research centers and cooperating Ag,'giculture at the University of the Philippines 
national research institutions are maintained at Los Bahos (UNI.B), the Bureau of Plant 
through rUgular mailing oftvarious publications Industry, the National Economic Development 
and through corruspondence and visitors. Authority (NE A), USA I1D/Manila, and BSP 

form the advisory committee to BSP in the 
Phililppines, xhille the Soil Research Institute 

"Data generated by the Project under precise (SRI),the Central Research IarstitU titutr 
quality controlbanksysemwhicwill form the core of the BSP data Agriculture (CRIA), andarcBSP fbrm a technicalwil b grdualy dvelped (SRIte Cra fittecr 
bank systen, which will be gradually developed committee to BS1P inIndonesia. In addition, in 
and modified." Indonesia, both the former group and the BIrCau 

of Planning and USAI D/Jakarta form the advisory 
Host-country cooperators in Indonesia and the committee to BSP.Advisory committees 

Philippines have convCled advisory committees established by the host ,.ountry lend further 
to create an awareness of Project concepts and support to tie acceptance of Project conccpts 
activities at the national level. These committees aund goals. 
are composed of scientists, program planners, and National research networks are the basic 
administrators who can provide the necessary foundation for an international network linking, 
guidelines adLI inputs to cooperate with the for the first time, agricultural research stations in 

60 Project in developing a framework for the vertical the tropics. 



Isse Iartio of re,.slts of researthan Iti 
theories and implicati ms f*tthe Benchmark
Soils Project has SIimulared interest itte 
Proj'cct anid cataly'zed acti 'itiCs iivarioLs areas. 
These acrivitics dfle.,tivulv link the growing 
ii.t,,',,rk oftd,,,IllunicIti9i1nd cperating 
reearch isUtitLt.Is. 

Benchmark Data Bank 
Early progress in the development of a data bank 
system was primarily focused on the storage and 
retrieval of'soil characterization datia,inciuding 
site and profile descriptions and chemical and 
pIlysical analyses. NiMocI of the impetus offthe soil 
data file was initiated through atcooperative 
eftort between BSP and an SCS-ftindid (Soil 
Conservation Service) contract with tile 
Department of Ag nmom y and Soil Science, 
University of Hawaii. 

Recent progress has been in designing a 

framework for the devehpmeint of a functional 


data hank system that would permit 
interpretation of solsurvev data for agricultural 
detvelopentanir land evaluation. A consultant 
systems anal \ t pn ) itiei techn ical assistance 
inl planning this expanded program. 

Thus, a soil interpretation tiata bank system is 
being developed to ser\ , both scientists and 
agricultural planners. Tf e framework of the bank 
is shown diagrannmarital., in Fi:g. 18. 

The ProIject has Ctol Mceiad ISCon t[incii ng to 
collect all three types ofdata: soil, crop, atnd 
weather. In essence, tile soil and crop performance 
information and environmental data are to be 
matched to protiuce an output that ,an be 
translated fi)ra specific user. Hence, tlh% 
genrated by the Project under precise jw,.lity 
control will form the core ofcontinued 
development modification aid updating of the 
BSP datiabank system. 

Fig. 18. The three kinds of data now included in the 
Benchmark l)ata Bank will be incorporated into an 
expanded soil interpretation file that will be available to 
various users. 

Conferences 

and Workshops 

Discussion of Impact of 
Agrotechnology Transfer at 
International Workshop 

ThelBenclnark ils Project cmicepts formed the 
core of the discussion at aworkslhop entitled 
Operatimal Im plicat i0ms of Agritechnology
Transference Research held at ICRISAT 
(Internatimilal (Crops Research Institute for the 
Senl i-Arid Tropics), Hyderahad, India, October 
3-_6, 19"78. \X\'rkiing sessions were devoted to 

the transfer of IL3P-rclaitd data, techinkues, 
training, and (otler technli gy. 

The results f tile workshop were that the 
SCS/USI)A agreed to "internationalize" Soil 

aixonomy and workshop participants agred to 
creatt an interiarional body to oversee soil 
resource inventory jial ity coiltr'ol ald to 
mobilize talents and resources to bet"il col ltcting 

sil and crop data tfor soil interpretatim, soil 
correlation, .lad agrotecilnolh gv transfer. 

Participants supported by tile Benchmark Soils 
Project came from Indones ia, the Phil ippines, Sri 

Soil Data
 

File
 

Crop 
Data
 

Weather 

Data File I 
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Workshop on Soil Research 
Soils with Variable Charge Inventory and Evaluation 
Conference in New Zealand 'Ih. hIih,1ti,1,,,* (.1,1, 1l,,, -AL\r'iiitilt .,!*1 
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inventory programs to support development 
planning. M. E. Raymundo and A.A. Briones 
were participants from Benchmark at this 
workshop. 

Asian Food Conference 

Goro Uehara, Soil Scientist with the Benchmark 
Soils Project, attended the ith Asian Food 
Conference in Singapore October 29-November 
2, 1978. Held annual iV in Latin America and 
Asia, these meetings are sponsored by the 
International Minerals and Chemical Corporation 
of Libertyville, Illinois. Uchara was asked to 
present a talk on the Benchinark Soils Project at 
the 1979 conftcrence, tentatively scheduled for 
Taipei, Taiwan. Members at the 11th conference 
were provided copies of the BSP Progress Report 
1, Research on Agrotechnology Transter in 
the Tropics. 

PCARR Sponsors 
Workshop-Seminars 
Philip~pine Project L ader, Martin Raymundo, 

participated in three seminar-workshops 
sponsored by PCARR (Philipp-ine Council for 
Agriculture and Resources Research) in 1978. 

Rayrn undo d iscussed a pPer 0n soll 
conservation and the Regional Development 
Project at the National Seminar-\Workshop ol 
Soil Conservation. July }_-{) Fi presented 
a paper on Soil Management at the FAQ-
Philippines National Workshop on Development 
and Management of Rainfed Crop Production, 
July 3 I-August 1, and he spoke on Minimum 
Pedological Data for Field Experiments at the 
National \Workshop on Minimum Sets of Data for 
Field Experiments on Crops, September 29-30. 

All the workshops were held at PCARR 

headquarters in Los Biailos, Laguna, 
the Philippines. 

Workshop on Soil Taxonomy
i nd 

in Malaysia and Thailand 
Under a special grant from the U.S. Agency for 
International Development (AID), the University 
of Puerto Rico organized the Second International 
Soil Classification Workshop in Malaysia and 

Thailand, August 28-September 9, 1978. The 
Department of Agriculture of Malaysia, the Land 
Development Department of Ihailand, the 
Southeast Asian Regional Ceiter for Graduate 
Study and Research in Agriculture (SEARCA), 
Cornell University, the uLnivcrsity ofHawaii, the 
University of Ghient, Belgium, and the Soil 
Conservation Service of'the USI)A colliborated to 
stage the event. 

The overall pturpose of the vorkshop was to 
improve Soil lhxonomy with regard to tropical 
Soils and to further the application of Soil 
"Ixonom1y as a uniform system ofsoil 
classification in Southeast Asia in order to 
facilitate agrotechnology transft'r to and within 

"The overall purpose of the workshop was to
 
improve Soil Taxonomy with regard to
 
tropical soils."
 

that region. More specifically, the workshop 

focuIsed on Oxisols, Alfisols, and Llltisols with 
low-activity clays. Participants critically
examined the taxonomy of certain classes of 

tropical soils and formu lated a series of 
recommen dations for Soil Taxotnomy and 
associated subjects that may well serve as the 
framework for future international activities in 
soil classification. The proceedings of the 
workshp will be pulished by the Land 
I)evelopment Department oftThailand. The soil 
descriptions and analytical data generated from 
the workshop are important contributions to the 
Benchmark Data Bank. 

Training Program
Development 

An expanded training program is an essential 

colmponent of the Benchmark Soils Project. To 
assist inl tutil izatioMi of Project concepts, 
workshops and training sessions are being 
pianned and conducted in soil classification and 

identification, soil survey interpretation, and 
soil-based agrtechnology transfer. Inl addition, 
graduatc students from three countries are being 
trained at the University of Hawaii to pr'ide 63 



professional personnel for continuing utilization 
of the Benchmark Soils Project concept and its 
adaptation to future national needs. 

'The main thrust of tile training package 
is to promote and encou'rage adoption of Soil 
Taxonomy as the soil classification system 
inherent to understanding tile concept of 
agrotechnology transfer. It is expected that the 
workshops will catalyze a closer working 
relationship between agricultural scientists and 
planning agencies at both the national and 
international levels to facilitate the transfer of 
agrotechnology for increasing food production. 

In 1977, the BSP worked with Cornell 
University in organizing and conducting a 
Workshop on Soil Resources Inventory and 
Agrotechnology Transfer which was held in the 
Philippines (Progress Report 1). Tile first 
workshop on Soil Taxonomy sponsored by the 
Benchmark Soils Project was held June 4-29, 
1979 in Los Bafios, the Philippines. 

"The workshops will catalyze a closer working 
relationship between agricultural scientists and 
planning agencies at both the national and 
international levels to facilitate the tr,nsfer of 
agrorechnology for increasing food production." 

Four key in-country achivements were noted: 

"Participants were encouraged to complete 
their own classification projects a'sa 

follow up. 
* An inventory of resources for the 

Philippines will be compiled from 
these projects. 

*The 	University of the Philippines at Los 
Banos received its first soil survey map 
with all its land classified according to Soil 

Taxonomy. 
* 170 soils in the Philippines were classified 

into soil families according to Soil 
Taxonomy. 

In addition, participants were enthusiastic 
about conducting their own workshops in the 
future and about training colleagues and 
co-workers in soil classification according to 
Soil Taxonomy. 

Tile four-week workshop was sponsored by the 
Benchmark Soils Project; co-sponsors were the 

Philippine Council for Agriculture and Resources 
Research (PCARR) and the U.S. Agency for 
International Development (USAID). The 13 
workshop participants came from the Bureau of 
Soils, the Philippine Coconut Authority, Central 
Luzon State University, the National Irrigation 
Authority, and the Philippine Ministry of 
Agrarian Reform. Sessions included classroom 
and field activities and a concluding seminar 
report by the Participants. 

Participants learned to recognize the criteria 
used in soil classification; to use tile Soil 
Taxonomy key; to recall properties and behavior 
of soils from the classification names in Soil 
Taxonomy; and to relate Soil Taxonomy to soil 
survey interpretations. 

Throughout the workshop, the instructors 
suggested ways that the participants could apply 
Soil Taxonomy to their local areas and jobs and 
advised them on how to create their own visual 
aids using local soils. Copies of Soil Taxonomy;
the Benchmark Soils Project Technical Report 1, 

Laboratory Data and Descriptions of Soils of the 
Benchmark Soils Project (lkawa); and several 
other reports were distributed. 

A similar workshop for Indonesia isPlanned 
for January 1980. At the conclusion of these 
workshops, materials for itpackage of training 
materials on the fundamentals of Soil Taxonomy 
will be compiled and published. 

A total of seven graduate students are now 

under the sponsorship of tile Project: two from 

the Soil Research Institute in Bogor, Indonesia; 
two from the Philippine Council for Agriculture 
and Resources Research, and one from the Bureau 

of Soils, the Philippines; and two from the 

United States. The curriculum of each of the 

students involves courses in soil classification and 

Soil Taxonomy and an introduction to concepts 

ofagrotechnology transfer. Their thesis topics 
will be related, in parr. to th, objectives 
of the Project. 

Publications 
The publications program was expanded in 1978, 
and dissemination of results of research through 
publications and visuals has stimulated and 64 



A major constraint tot ie transferof'agrotechnoloJg,- ini many tropical countries is a lack oftperson tel ItraiIne in soil 
classilication according to Soil laxonomy. Training workshops on soil classification and the concepts of agrooech­
nolofgv ransfer are sponsored by the BSP -withthe cooperation of various institutions and agencies. 

catalyzed int.ir.st in ad utilization of Project and utilization materials, including the 
C)ILmcpts. A bibliography of Project publ icathn ms instructional/training packages, programs, and 
and papers ispri nted inAppendix 3. proceedings. The Project also prepared exhibits 

T'e Proect rnu iin list has increased for drmdisplay at the Hawaii Stare Farm Fair as at 
90() to oVCr ,100, tiune to individual a.lnd contribution foi the )epartment of Agronomy
 

l'ganiz,thon retjoests t
fr copies of pulibiications. and Soil Science, (ollege oftropical Agriculture 
nic'lCs inover 

5() countrics. Thus, there is already a network In 

'[lie BSP ilIng list recipients and Human Resources, Unhiversity of Hawaii. 
1978 the display was on soils research in 

of inretsted agencies, organ izat ils, and international agricl ture. In 1979 the 
iIndiv iduials that cin be tapped illtie fuiture as presentatit was a 3-n inute slide show oin 
the Project progresses. possibilities for careers inagriculture using BSP 

C()pR's of the hardco ver book, Soil-Resource staffing as an examplie' of various levels, skills, 
Data tor Agricultural l)evelopment, edited and talents that must be CmplCd. 
by I.). SwindalC, inow )ircctor of' ICRISAT 
(International Crops Rcscarch Institute for the 
Sem i-Arid Tropics), have been mailed to over "The book isthe first global review of agricultural 
1000 libraries, institutions and agencies, and pedological data related to subtropical and 
planners, and agronoiiiy and Soil spCcialists tropical belts." 
throughout tile world. "Ithink it is the first 
global revie'w of ag ricIltucoral and peI)COlogical data 
related to subtropical and tropical belts," says V. The major puirposes of tile pulIl ication 
KON'Cla, lIlstitLIte o Agrochemistry and Soil program are to (I)rep,,rt the results of' rescarch 
Science, Moscow Region, Russia, ill and (2)catalyze utilization activities. Effective 
correspondence received illHawaii. Commnunication throughout the worldwide 

The basic areas ofldissemination include the network ofcoolperatiiig countries, agcncies, 
juarterly Benchmark Soils News; aninual reports; and inldividuals is also important to link the 
Progress Reports; Technical Reports of research; international corps of Project personnel. 65 
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Appendix 1.
 
Crop and Soil Performance Data
 

Table 1. Experiments completed, January 1978-June 1979
 

Transfer Variety Management

Soil Crop experiments experiments experiments
 

ldlric lDystrandets 

1liwa i i Maize 7 2 1 
Indonesia MIaize 20 3 6 

Soybean 0 0 2 
Potato 0 0 2
 
Peanut 0 0 1
 

Phil] ippines Maize 13 1 6 

Subtotals 40 6 18 

I i cLi. Eu)trustox-


Brazil Maize 9 3 5 

Hawaii Maize 4 1 1 

Puerto Rico Maize 13 2 2
 

SIbtota Is 26 
 6 8
 

_picI'aeuduIts
 

Indonesia Maize 
 7 1 4 

Phil ipp ines Maize 5 1 2 

Subtotals 12 2 6
 

TOTALS 
 78 
 14 32 = 124 

RANSFER WETSERSON 19789/79.' 
 ..... NA K ,hU 'SITE_ _
 

OP R A KR E F 

67 
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Table 2. Hydric Dvstrandepts transfer experiments on maize, yield data
 
(kg/ha)a. January 1978-June 1979 

Treatment 

Coded P Coded N Location/site 

Hawaii 
+0. 15 +0.85 

IOLE-E 
D 78 
7592 

IOLE-F 
! 78 
5555 

KUK-A 
D 78 
7852 

KUK-C 
W 78 
8768 

KUTK-D 
W 78 
8471 

HAL-B 
D 78 
8169 

+r.85 0 7309 3117 7113 8269 8254 7059 
,0._85 -0.85 
+0.40 +0.40 
+0.40 - .40 

0 +0.35 
0 0b 
0 -0.85 

-t.40 +0.40 
-0.40 -0.40 
-0.85 +o.85 
-0.85 0 
-0.85 -0.85 
Complete control 
Partial control 

0 No N 

No P 0 

5946 
6939 
6697 
70Q5 
6822 
5612 
6874 
6919 
6749 
6255 
5178 
4247 
4835 
* 

** 

1759 
4848 
3141 
4322 
3371 
3130 
3905 
2851 
4683 
4143 
2961 
2428 
3590 
1669 
'as 

6982 
7107 
6599 
6993 
7041 
6532 
7240 
6119 
6040 
5528 
5;82 
318 
4049 

* 

s* 

7358 
8161 
7257 

732 
7132 
7775 
7511 
7123 
7181 
7021 
4005 
4836 
* 

** 

6293 
8291 
7663 
89178606 
73" 
5753 
7249 
6757 
6547 
7014 
5164 
3715 
3963 
,*** 

9** 

4971 
7616 
6441 
8191 
6324 
4517 
7009 
5499 
7419 
7016 
5510 
2317 
2993 
**** 

** 

Mean!P treatment 
Mean/control 

6614 
4541 

3676 
3009 

6702 
3616 

7717 
4471 

7188 
3S IQ 

6546 
2655 

P treatment over 
partial control () 37--- 2 - 66 60 S! 119 

Philippines 
PUC-A 

W 78 
PLC-A 

D 79 
PUC-K 

1) 78 
P(;-Q 

D 79 
PUC-R 

1 79 
VAL-A 
W 78 

PAL.-C 

D 79 
PAI-D 

D 79 
PAL-E 

1 79 
BUR-B 
w 78 

BUR-D 

D 79 
+O.55 +0.895 
+0.85 0 
+0.,35 -0.85 
+0.40 +0.40 
+0.40 -0.40 

0 +0.85 
0 O

b 

0 -0.85 
-0.-) +0.40 
-0. 40 -0.40 
-0.85 +0.85 
-0.85 0 
-0. 0 .5 
Complete control 
Partial control 

0 No N 
No P 

(S58 
5440 
2731 
5707 
4041 
4942 
55 A0 
3231 
4569 
3451 
S27 

1414 
1051 

0 
166 

** 

5086 
4239 
2442 
1390 
3173 
2053 
3853A 
2569 
2740 
1963 

290 
6 39 
833 

0 

* 
* 

5462 
5245 
4887 
5875 
5300 
5634 
5288 
5063 
5395 
5048 
1337 
2934 
3187 

0 
0 

* 

5255 
4883 
3164 
4509 
3727 
3736 
4080 
2817 
2884 
1871 
151 
352 
119 

0 

l*"*q*661977 
280 

7473 
6656 
4321 
6492 
5395 
6384 
6550 
'4081 
5619 
5385 
2985 
3135 
2577 

0 
6**' 

37 Q_ 
0 

4559 
4598 
4693 
503 
5016 
3966 
5105 
4567 
'084 
4049 
2913 

60 

142-
1***ISSS 

6005 
5657 
5227 
4970 
4749 
4201 
4103 
4461 
4644 
375 
32-5 

5 
5 

Q64 
173 

* 

3 
2 i 

4322 
553 
'04. 
3954 
&" 
.4'1, 
i37 
543 
730 
10 

1!33 
2_'3' 

1.50 7"" 
114 

-26772 
6 -1 
t)" 

61Sf 
57 S 
5'69 
59 
5156 

5'S 2 

250 

6931 
h177 
4S62 
6071 
b275 
6848 
6122 
5352 
6557 
649 
9C(53-76 

7 
3590 

0 
0 

* 

4918 
4675 
2632 
4631 
3530 
4804 
3892 
2648 
4280 
3247 
2428 
2058 
1354 

0 
**** 

200', 
336 

be!an!P treatment 3S31 2629 4820 2890 5232 4312 3A 3 18 3469 
M'can /cont r,l 83 - 0 0 _0 0 16 58 1144 223 - 0 0 0 

P treatment over
 
partial control 11 2204 * 
 **+, *** 129 157 **** **** **** **** 
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Table 3. Tropeptic Eutrustox transfer experiments on maize, yield data (kg/ha)a, January 1978-June 1979 

Treatment 

Coded P Coded N L-cation/site 

MOL-A MOI.-B WAI-A WAI-B 
Hawaii D 78 W 79 D 78 W 79 

+0.85 +0.85 10462 8773 10513 11530 
+0.85 0 9928 6085 11035 9827 
+0.85 -0.85 7957 4983 94-6 8654 
+0.40 +0.40 9576 8546 10875 10953 
+0.40 -0.40 9266 6087 9751 9365 

0 +0.85 9887 8185 10920 10843 
0 0b 9368 6973 10782 10483 
0 -0.85 7970 4677 9465 7024 

-0.40 +0.40 9894 6940 9744 10899 
-0.40 -0.40 8837 5696 9995 9427 
-0.85 +0.85 8451 7592 9685 11015 
-0.85 0 9136 6977 0633 10258 
-0.85 -0.85 7301 4106 8177 8992 
Complete control 6t28 2551 **** 7382 
Partial control 7092 2528 7696 **** 

0 No N *** * 9865 6793 
No P 0 **** **** 7949 9299 

Mean/P treatment 9079 6676 10002 10013 
Menn/control 6860 2539 7696 7382 

P treatment over 
partial control (2) 28 164 30 **** 

Puerto Rico 

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

0 +0.85 
0 0 
0 -0.85 

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

PR-20 

7536 
6958 

6252 
7205 
6456 

6790 
7055 
6465 
6398 
6360 
6043 

5902 
4033 

PR-21 

9122 
9391 

7499 
8611 
7982 

9005 
8596 
7547 
8471 
8290 
8409 

7392 
7976 

PR-23 

5158 
4735 

4129 
3344 
3888 

3934 
2839 
2377 
3063 
3539 
4572 

3311 
2753 

PR-27 

5550 
5497 

3637 
6141 
4445 

5488 
6261 
3852 
5427 
4352 
4327 

5396 
4055 

PR-30 

7905 
7167 

6925 
7590 
6492 

8503 
6976 
6379 
7746 
7025 
7874 
7394 
6793 

PR-31 

6827 
5181 

2303 
5544 
4806 

6910 
5322 
2366 
5768 
4431 
6198 

5791 
2215 

PR-33 

4586 
5089 

4667 
4405 
5177 

3981 
5437 
3523 
4993 
4405 
4885 

4626 
3701 

PR-34 

6598 
6408 

6045 
5439 
6717 

4430 
4919 
4790 
3933 
4288 
2481 

1133 
972 

PR-35 

6662 
6506 

7274 
6588 
6134 

5348 
5766 
5634 
4302 
5603 
4247 

2632 
4424 

PR-36 

2214 
1732 

2607 
1959 
2016 

1155 
2557 
2754 
2139 
2113 
1735 

1152 
1244 

PR-37 

7462 
7678 

, 6984 
6629 
7222 
6450 
6923 
6794 
4977 
6694 
4841 

5062 
4436 

PR-38 

7556 
7647 

7577 
7383 
7946 

7640 
8115 
7110 
6329 
7489 
7387 

7429 
7617 

PR-39 

3077 
2379 

3268 
4084 
3687 

2900 
2181 
3577 
2724 
3035 
3599 
4248 
3250 

Complete control 
Partial control 

0 No N 
No P 0 

5646 

5694 
6153 

7369 

7285 
7677 

1571 

1860 
4237 

3559 

3731 
4813 

6240 

5810 
7707 

1599 

1850 
4837 

3515 

3148 
4546 

813 

1401 
5152 

3040 

1659 
6351 

2074 

1264 
2008 

4931 

4916 
5876 

6989 

6265 
8342 

4286 

3217 
3815 

0 0 
Mean/P treatment 
Mean/ control 

6309 

5646 
8164 

7369 
3519 

1571 
4783 

3559 
6759 

6240 
4497 

1599 
4418 

3515 
4473 

813 
5471 

3040 
1952 

2074 
631; 

4931 
7479 

6989 
3231 

4286 

P treatment over 
partial control (%) 12 II 124 34 8 181 26 450 80 -6 28 7 -25 



Brazil B-19 B-20 B-21 B-22 B-23 

+0.85 +0.85 5328 6522 5134 7786 4507 
+0.85 0 5510 6095 5082 5024 3480 
+0.85 -0.85 5478 6760 4965 1895 1959 
-0.40 +0.40 4352 6517 4402 7247 3730 
+0.40 -0.40 4516 6067 4548 3373 2220 

0 +0.85 4559 5938 4638 7718 4692 
0 0 4653 5518 4777 5007 3428 
0 -0.85 3677 6072 4616 1292 2039 

-0.40 +0.40 3043 5837 3684 7034 3869 
-0.40 -0.40 3131 6142 3275 3746 2487 
-0.85 +0.85 2591 5352 2261 7551 5361 
-0.85 0 2140 5467 2082 5485 3681 
-0.85 -0.85 2439 5165 2938 1741 1871 
Complete control 
Partial control 1304 5810 1725 655 1533 

0 No N 7267 
No P 0 833 

0 0 
+0.85 No N 5061 
No P +0.85 1968 

Mean/P treatment 3766 5947 3866 4992 3360 
Mean/control 1304 5810 1725 655 1533 

P treatment over 
partial control (%) 189 2 124 662 119 
aZero means no yields; asterisks indicate no date obtained.
 
boptimum treatment with micronutrients.
 
eOptimum treatment with no micronutrients.
 

B-24 


8595 

7747 

7659 

8319 

7424 


8194 

7449 

7125 

7932 

6239 

7949 

8117 

7348 


7097 


8331 

6523 


7700 

7097 


8 


B-25 	 B-26 B-27
 

8809 8453 6725 
7410 7155 5407 
7005 4144 3176 
7655 7713 5898 
7434 6827 3691 
7139 8436 6429 
7037 8072 5701 
7073 3952 2221 
6807 7543 5876 
6644 6467 4832 
7321 7849 6734 
6477 7233 4622 
6417 4337 3799 

7656 	 1396 2819
 

8805
 
1396
 

768' 6641
 
5871 3141
 

7171 6783 5009
 
7656 1396 2819
 

-6 386 78
 

-.4
 



Table 4. Typic Paleudults transfer experiments on maize, yield data (kg/ha)a. January 1978-June 1979 

Treatment Location/site 

Coded P Coded N Philippines Indonesia 

DAV-A DAV-A DAV-C DAV-D DAV-F NAY-A NAK-A NAK-D BPMD-A BPMD-A BPMD-C BUK-A 
W 78 D 78 W 79 D 78 D 79 W 79 D 79 D 79 W 79 D 79 D 79 D 79 

+0.85 +0.85 7507 5116 5703 5153 5358 6989 5079 6344 6889 3530 4639 6771 
+0.85 0 7106 5300 5957 5191 4918 6843 4787 6539 5986 3351 4269 6256 
+0.85 -0.85 6845 3183 4882 4800 2913 5342 3076 4032 4438 3491 2443 3968 
40.40 +0.40 7244 5417 6336 5047 5369 6735 4982 5262 5550 3385 4071 7160 
+0.40 -0.40 6947 4602 5602 4452 4671 6157 4440 4934 5547 3272 4202 5072 

0 
0 

+0.85 
0b 

6619 
7133 

4650 
5582 

6219 
6380 

5103 
4569 

5535 
5038 

7078 
6750 

4656 
5122 

6556 
5822 

6578 
5624 

3616 
3844 

4237 
3549 

7234 
6649 

0 -0.85 6436 3577 5438 4618 3370 5519 3726 5246 3604 2750 2679 4381 
-0.40 +0.40 7164 4912 6114 4846 5699 6369 3735 6239 5097 2888 3626 6521 
-0.40 -0.40 6873 4631 5484 4749 4419 5669 3779 5073 4701 4573 3095 5538 
-0.85 +0.85 5843 4980 6516 3828 5587 3976 1109 4074 2538 218 2737 3956 
-0.85 0 6682 5284 5648 3770 5166 3657 1058 3578 3388 695 1563 5806 
-0.85 -0.85 5788 3981 5193 4503 3182 3582 1154 3138 3048 884 1995 3763 
Complete control 5785 3633 5784 2656 4679 1800 549 1664 668 118 493 78 
Partial control 6231 2771 4211 3429 2096 2263 912 1662 543 66 625 87 

0 No N 5629 2624 4514 4172 2090 5487 3344 3824 3634 2609 2079 3528 
No P 0 1285 615 1390 451 128 437 117 

0 0 c 5911 5063 5893 4442 2484 1825 6662 

Mean/P treatment 6784 4758 5806 4664 4710 5743 3592 5141 4845 2807 3316 5621 
Mean/control 6008 3202 4998 3042 3387 2032 730 1663 606 92 559 82 

P treatment over 
partial control (%) 9 72 38 36 125 154 294 209 79? 4154 430 6361 
a Zero means no yields; asterisks indicate no data obtained. 
b O 
c Optimum treatment with micronutrients.cOptimum treatment with no micronutrients. 



Table 5. Hydric Dystrandepts variety experiments on maize, yield data (kg/ha), 
January 1978-June 1979
 

Treatment
 

Coded P Coded N Variety 

IIawaii/101,E-G W 78 11610 11788 X304A X30413 X304C X4816 X4817 X5800 

-0.85 -0.85 4718 4038 5104 4145 5035 4420 4858 4297
 
-0.85 0 4852 4950 5469 5682 6400 6250 5968 6382
 

0 -0.85 5022 3885 4288 4690 5724 5734 5535 4335
 
0 0 4886 4463 4702 5014 6907 6658 5649 5308
 

Mean 4870 4334 4891 4883 6017 5766 5503 5081
 

flawaii/IOLE-l 1) 78 1610 X306B 11788 X304B X304C X4816 X4817 11688 

-0.85 -0.85 7537 7496 
 7119 6602 8138 7979 7957 8084
 
-0.85 0 8846 8330 8806 7729 8782 8772 9234 
 8916
 

0 -0.85 7127 6617 6798 6950 8200 7814 6970 
 8327
 
0 0 8542 8619 7610 8196 8688 9111 8918 8843
 

Mean 8013 7765 7583 7369 8452 8420 8270 8542
 

Bastar
 
Tndonesia/ITKA-L W 78 H610 Kuning UPCA .16 Blarapan
Bima
 

-0.85 -0.85 2055 2384 1994 2514 3653 2270 
-0.85 +0.40 1941 3203 1785 2672 3491 1878
 
+0.40 -0.85 
 2561 2099 2795 3106 2307 2263
 
+0.40 +0.40 2596 
 4053 2392 3295 4283 3172
 

Mean 2288 2935 2242 2897 3434 2396
 

Bastar DMR
 
Indonesia/ITKA-0 W 78 H610 Kuniig Ia rapan 16 Bima 'hiI
 
-0.85 -0.85 
 2300 2570 2760 2497 2637 2473 
-0.85 0 2533 2353 2423 2297 2647 2270 

0 -0.85 2760 2840 1853 3087 3220 2897 
0 0 2080 2460 2617 2890 3493 2597 

Mean 
 2418 2556 2413 2693 2999 2559
 

Bastar
 
Indonesia/ITKA-N W 79 Kuning HIarapan 116 DMR-5 Wonosobo
 

-0.85 -0.85 5203 5505 5541 5708 5665
 
-0.85 +0.85 5252 4815 5470 5755 5512
 
+0.85 -0.85 6141 6183 5968 5832 6724
 
+0.85 +0.85 5796 5689 5520 
 6606 6660
 

Mean 5598 5548 5625 5975 6140
 

Philippines/PUC-M W 78 H610 UPCA 1 11788 H6 Bima
 

-0.85 -0.85 1656 1501 1845 1592 1607
 
-0.85 0 2583 2349 2654 2475 
 2569
 

0 -0.85 2756 3161 3243 2969 2673
 
0 0 5052 4704 5031 4467 4435
 

Mean 3012 2929 3194 2876 2821
 

73 



Table 6. Tropeptic Eutrustox variety experiments on maize, yield data (kg/ha), January 1978-June 1979
 

Treatment 

Coded P Coded N Variety 

Hawaii/MOL-C D 78 H610 X306B H788 X304B X304C 11688 

Phoenix 

1110 

Cargill 

III 

-0.85 
-0.85 

0 
0 

-0.85 
0 

-0.85 
0 

5474 
7028 

6625 
7253 

5810 
6709 

6493 
7128 

5833 
7352 

6203 
7098 

5631 
6318 

6927 
7070 

6386 
6955 

7658 
7395 

5420 
6106 

6214 
7137 

5351 
5421 

6037 
6658 

5698 
6390 

6417 
6733 

Mean 6595 6535 6622 6486 7099 6219 5867 6310 

Puerto Rico/PR-18W 77 H610 H638 
Phoenix 
1110 X306B X304B X304C 11507 UPCA-I 

-0.85 

0 
0 

0 
1067 

857 
2601 

3338 
2100 

2795 
3358 

3418 
3764 

3530 
4284 

3639 
2733 

2223 
3111 

3251 

Mean 962 2970 2447 3388 3647 3962 2478 3181 

Puerto Rico/PR-18 W 77 

-0.85 0 
0 0 

Ag 504 

2120 

2216 

Ag 259 

1042 

1416 

Maya X 

2966 

1742 

S1973 

3675 

2792 

Cargill 
III 

2128 

2182 

QK 487 

11&3 

1251 

QK 231 

3660 

2869 

QK 217 

2935 

2483 

Mean 2168 1229 2354 3234 2155 1217 3264 2709 

Puerto Rico/PR-22 D 78 X304C X306B 11610 X304B X304A 
Cargill 
111 

l)tente de 
Caballo 

-0.85 

0 
0 

0 
8457 

9538 
7072 

8520 
4467 

5604 
7571 

8797 
9174 

8462 
7253 

7786 
7031 

7132 

Mean 8998 7796 5036 8184 8818 7520 7081 

Puerto Rico/PR-28 W 78 X304A X306B X304C X4816 X4817 X5800 

Cargill 
III 

Dlente de 

Caballo 

-0.85 
-0.85 
+0.85 

+0.85 

0 
+0.85 

0 

+0.85 

5089 
6247 
4047 

5816 

5808 
5973 
5015 

5820 

6221 
5874 
5600 

5726 

4996 
4315 
4671 

5526 

4827 
5233 
5332 

5443 

6759 
7063 
5354 

7060 

4112 
3576 
3617 

3422 

4903 
5038 
3538 

4256 

Mean 5300 5654 5855 4877 5209 6559 3682 4434 

Brazil/B-14 D 78 
Cargill 
111 

Phoenix 
lilO H610 X306B Maya X 

Control 2271 

5411 

5014 

5121 

201 

4461 

4236 

4554 

2547 

4944 

3944 

4666 

2110 

4422 

4532 

4467 

1021 

4005 

4094 

4267 

Mean 4454 3823 4025 3883 3347 

Brazil/B-18 W 78 X306B X304A X304B X304C 
Phoenix 
1110 

Cargill 
111 H610 

Mean 7524 4903 4045 7738 7193 4908 5351 

74 



Table 7. 	 Typic Paletidults variety experiments on maize, yield data (kg/ha), 
January 1978-June 1979 

Treatment 

Coded 1 	 Coded N Vriety 

Indone sii 	 NAK- B 1) 79 16 H159 Metro Kodok 

-0.85 -0.85 2983 3598 5457 4749
 
-0.85 +0.40 3230 3858 4855 6178
 
+0.40 -0.85 4984 4229 5033 6157
 
+0.40 	 +0.40 6800 7347 6385 6686 

Mean 	 4499 4758 5432 5943 

Phi 1 1)ines/ BP -B W 79 I)MR- I UPCA I 1)MR-2 Tiniguib H6 

-0.85 -0.85 4031 4237 5234 3997 4820
 
-0.85 0 4797 5074 5667 3906 5689
 

0 -0.85 4237 4357 4671 3711 4661 
0 0 4646 5025 5599 3660 5343
 

Mean 	 4428 4673 5293 3819 5128 

snub..., 

-' .O I 

AI, 
ALA 
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Weather Data Gathered at All Sites, Benchmark Soils Project 

Site/season Variety 
Planting 
date 

Harvest 
date 

Solar 
radiation 
( cal/dav 

Cumulative 
rain7aII 
(mm 

Tempera-
ture (°C) 
Max. Min. 

Relative 
humidity ( ) 
Max. Min. 

Wini 
run 
(km/hr) 

Yield (kg/ha) 
Partial 
control Mean High 

Thixotropic, isothermic Hvdric Dvstrandepts 

lfawaii 

KLK-A Dry 
KUK-C Wet 
KUK-D Wet 
3OLE-E Dry 
IOLE-F Wet 
HAL-A Dry 
HAL-B Dry 

H610 
H610 
H610 
H610 
H610 
H610 
H610 

6/29/78 
2/16/78 
1/06/78 
6/09/78 
1/18/78 
6/30/78 
7/13/78 

11/29/78 
8/01/78 
7/03/78 

11/21/78 
7/18/78 

12/06/78 
12/20/78 

320 
404 
405 
437 
454 
415 
414 

461 
585 
586 
392 
394 
623 
531 

27.3 
26.5 
25.8 
24.8 
23.8 
24.6 
24.6 

20.1 
18.8 
17.5 
18.7 
16.8 
17.4 
17.4 

92 
92 
92 
97 
95 
99 
99 

69 
65 
63 
67 
62 
77 
76 

10.01 
9.66 
9.33 
16.38 
15.42 
10.72 
10.39 

4049 
4578 
3963 
4835 
2428 
3636 
2993 

6318 
7718 
7188 
6630 
3805 
8046 
6547 

7852 
9623 
8606 
7768 
5555 
8629 
8191 

Philippines 

PUC-A W:t 
PUC-A Dry 
<UC-K Drv 
PUC-Q Dry 
PUC-R Dry 
PAL-A Wet 
PA1.-C Dry 
PAL-C Dry 
PAL-D Dry 
PAL-E Dry 
BUR-A Dry 
BUR-B Wet 
BUR-D Dry 

UPCA 1 
UPCA 1 
UPCA 1 
UI'CA 1 
UPCA 1 
UPCA 1 
UPCA 1 
UPCA 1 
UPCA 1 
UPCA 1 
UPCA 1 
UPCA 1 
UPCA 1 

4/25/78 
12/22/78 
2/22/78 
1/05/79 
1/11/79 
4/14/78 
12/29/77 
12/29/78 
2/10/79 
1/13/79 

12/21/77 
3/02/78 
1/20/79 

8/22/78 
5/02/79 
6/23/78 
5/08/79 
5/07/79 
8/08/78 
4/28/78 
5/05/79 
6/09/79 
5/11/79 
5/08/78 
7/06/78 
6/03/79 

347 
381 
410 
394 
394 

403 
374 
383 
375 
229 
331 
327 

745 
498 
437 
397 
397 
819 
229 
490 
645 
497 
397 
822 
834 

33.6 
31.1 
35.2 
31.6 
31.7 
32.3 
31.9 
30.7 
31.9 
31.2 
29.0 
30.9 
30.1 

24.2 
19.6 
23.2 
19.5 
19.6 
21.9 
19.9 
18.4 
19.4 
18.6 
20.4 
21.8 
21.1 

95 
92 
97 
91 
90 
83 
83 
96 
97 
97 
95 
95 
93 

72 
47 
56 
44 
43 
56 
46 
46 
47 
45 
58 
56 
57 

7.35 
8.03 
6.53 
7.89 
7.90 
5.13 
4.89 
6.71 
5.96 
6.05 
10.26 

7.48 
8.98 

499 

264 
1239 

258 

577 

3832 
2629 
4820 
2890 
5232 
4332 
i88 
4436 
3324 
4980 
4762 

5418 
3469 

6858 
5086 
5875 
5255 
7473 
5933 
9265 
6005 
4553 
6772 
7764 

6931 
4918 

0 

Indonesia 0 
ITKA-C Wet 
ITFA-C Dry 
ITKA-C Dry 
IT-D Dry 
ITKA-D Wet 
ITKA-E Wet 
ITHA-K Wet 
PLP-D Wet 
PLP-D Dry 
PLP-F Wet 
PLP-F Dry 
PLP-G Dry 
LPH-A Dry 
LPH-A Wet 
LPHI-D Wet 
LPH-D Wet 
LPI-E Wet 
LPH-E Dry 
LPH-E Wet 
LPH-G Dry 

Harapan 
116 
H6 
116 
H6 
116 

Harapan 
ilarapan 

116 
Harapan 
H6 
16 

H6 
H6 
Harapan 
H6 
Harapan 
H6 
116 

116 

1/22/78 
7/18/78 
2/25/79 
7/05/78 
1/16/79 
12/21/78 

12/27/77 
12/22/77 

6/28/78 
1/21/78 
7/09/78 
7/07/7S 

7/05/78 
1/25/79 
12/26/77 
1/23/79 
1/22/78 
7/13/78 
2/02/79 

7/10/78 

6/21/78 
1/02/79 
7/19/79 
12/14/78 
6/20/79 
5/21/79 

5/29/78 
5/26/78 
11/27/78 
6/14/78 

12/22/28 
12/08/78 

1/03/79 
6/14/79 
5/22/78 
6/09/79 
6/19/78 
12/19/78 
6/25/79 

12/06/78 

359 
361 
289 
362 
308 
317 

363 
378 

360 
373 
354 
365 

330 
293 
314 
292 
307 
340 
293 

340 

539 
397 
497 
349 
557 
531 

591 
1107 

300 
1190 
3I1 
132 

553 
744 
578 
763 
4-4 
447 

25.9 
26.0 
26.1 
26.1 
26.0 
25.7 

25.8 
28.7 

29.2 
28.6 
29.1 
29.2 
23.9 
27.s 
23.5 
27.8 
21.8 
24.0 
27.7 

23.6 

16.4 
15.6 
16.1 
15.5 
16.3 
16.2 

16.4 
17.4 

16.5 
17.2 
16.5 
16.5 

15.5 
1,.4 
14.q 
17.4 
13.8 
15.6 
17.3 

15.2 

98 
96 
93 
9q 
95 
95 

98 
99 

99 
99 
99 
99 

99 
99 
98 
99 
97 
99 
99 

99 

60 
54 
55 
53 
57 
57 

60 
59 

54 
59 
54 
54 

56 
73 
69 
73 
68 
54 
73 

53 

5.21 
5.16 
5.04 
5.00 
5.10 
5.42 

5-29 
3.33 

3.16 
3.29 
3.11 
3.11 

3.44 
3.40 
4.37 
3.40 
4.29 
3.45 
3.40 

3.44 

2744 
4441 
44F2 
3392 
5190 
4753 

1n92 
3965 

3835 
1465 
2624 
1814 

4414 
4111 
3316 
3S01 
2632 
2346 
3595 

3598 

3338 
4662 
6207 
5066 
5960 
5914 

2121 
4954 

5230 
2017 
3460 
6099 

6283 
6342 
5492 
6255 
3862 
4084 
4401 

4544 

4047 
5689 
6940 
5798 
6510 
6137 

2880 
5799 

6112 
2309 
5422 
8344 

6847 
7056 
6266 
7052 
4586 
5352 
3286 

5201 

0 0 



Clayey, kaolinitic, isohyperthermic Tropeptic Eutrustox
 

Hawaii 

MOL-A Dry X304C 7/06/78 12/07/78 588 335 29.8 21.9 97 73 22.55 7092 9589 10462 
MOL-B Wet X304C 1/09/79 7/17/79 508 565 26.4 18.5 91 69 19.13 2528 6676 8773 
WAI-A Dry X304C 7/10/78 11/28/78 453 372 30.8 22.0 98 41 8.75 7696 9868 11035 
WAI-B Wet X304C 1/03/79 6/21/79 391 454 27.0 19.7 91 52 8.04 10013 11530 

Puerto Rico 

PR-20 X304C 11/15/77 3/27/78 373 443 27.9 18.3 79 54 4.97 5646 6309 7536 
PR-21 
PR-23 

X304C 
X306B 

12/12/77 
1/12/78 

4/20/78 
5/22/78 

362 
314 

474 
673 

27.9 
28.1 

18.3 
18.7 

79 
79 

54 
53 

5.34 
5.35 

7369 
1571 

8164 
3519 

9391 
5158 

PR-27 
PR-30 

X304C 
X304C 

4/25/78 
5/08/78 

8/08/78 
8/30/78 

485 
478 

673 
736 

29.6 
29.5 

20.7 
20,8. 

76 
74 

62 
61 

5.01 
4.99 

3559 
6240 

4783 
6759 

6261 
8503 

PR-31 X304C 5/10/78 8/28/78 482 717 29.8 21.0 75 61 5.05 1599 4497 6910 
PR-33 X304C 6/08/78 9/26/78 463 710 30.0 21.2 75 59 4.61 3515 4418 5437 

Brazil 
Cargill 

B-19 hybrid 111 11/10/77 3/30/78 355 448 28.0 18.39 79 54 4.90 130 3766 5510 

B-20 
Cargill 
hybrid 111 11/20/77 4/26/78 367 522 28.0 18.5 79 55 5.21 5810 5947 t'60 

B-21 
Cargill 
hybrid 111 11/21/77 5/05/78 373 660 28.3 18.6 79 55 5.24 1725 3866 5134 

B-22 X304C 6/20/78 12/15/78 409 331 31.2 15.0 97 40 2.11 ,55 4992 7786 
B-23 
B-24 

X304C 
X304C 

6/16/78 
6/20/78 

12/14/78 
11/29/78 

408 
406 

325 
233 

31.2 
32.3 

14.9 
14.5 

97 40 2.10 
-- .--

1533 
7097 

3360 
7700 

5361 
8595 

B-25 
B-26 

X3C4C 
X304C 

6/17/78 
6/19/78 

11/22/78 
12/05/78 

404 
421 

135 
216 

32.3 
33.3 

14.3 
14.5 

...--

.. .. 3.07 
765t, 
1396 

7171 
6783 

8809 
8453 

B-27 X304C 6/19/78 12!2/78 415 215 33.3 14.5 .. .. 3.09 2819 5009 6725 

Clayey, kaolinitic, isohvpertherraic Tvpic Paleudults 

Philippines 

BPI-A Wet Tiniguib 4/15/78 7/26/78 449 885 32.8 21.1 99 56 5.10 5231 6784 7507 
BPI-D Dry Tiniguib 8/17/78 11/23/78 417 631 31.1 24,7 99 57 4.48 3429 4664 5191 
BPI-A Dry UPCA 1 8/20/78 12/04/78 414 719 31.5 23.1 98 57 4.72 3014 4490 5094 
BP1-F Dry Tinibuib 12/07/78 3/20/78 433 207 32.4 21.9 98 46 7.02 2096 4710 5699 
BP1-C Wet Tiniguib 2/12/79 5/25/79 478 739 36.2 24.5 99 .5 6.08 4211 5806 6516 

Indonesia 

NAK-A Wet H6 10/03/78 1/30/79 414 472 34.2 24.4 91 37 4.58 2263 5743 7078 
NAK-A Dry 
NAK-D Dry 

116 
116 

2/21/79 
2/06/79 

6/02/79 
5/29/79 

401 
409 

628 
907 

36.1 
36.0 

23.4 
23.7 

97 
97 

32 
33 

3.25 
3.36 

Q12 
1662 

3592 
5141 

5122 
6556 

BPMD-A Wet H6 10/05/78 2/01/79 426 337 35.0 24.2 99 40 2.28 543 4845 6889 
BPM)-A Dry 
BPMD-C Dry 

116 
H6 

2/27/79 
2/13/79 

6/19/79 
5/20/79 

419 
436 

707 
812 

33.8 
33.2 

20.5 
20.0 

99 
99 

33 
33 

1.78 
1.77 

6( 
625 

2807 
3316 

4573 
4639 

BUK-A Dry H6 2/15/79 5/21/79 451 732 34.3 22.0 79 41 3.66 87 5621 7234 

-4 
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photo captions: 

Title page, p. 3: The experirnental design of the Benchmark Soils Project is standardized throughout tile 
six-country netwcrk ofsites. Because water availability is often a constraint to good crop yields in the tropics, drip 
irrigation, such 'As that shown at a BSP site in Tropel)tic L:utrustox in Jaiba. Brazil, is installed it all sites. 

Part I Title page, p. 7: Random develo)pment and Urbanization of prime agricultural land can permanently 
reduce the agricultural potential of an area for food Iproiductioin. ThOutghtful land-usc iplanning and a thorough 
knowledge 'sf)il qualities w ill be necessary t) protect the inherent agricultural potential oftrpical soils. 

Part 11 Title page, p. 17: Monitoring the long-term climatic environment and studying its effects oin crop yields 
is an essential part ofthe Benchmark Soils Project approach to tile transfer ofagrteclhn hCgl . \\'eater data, stich 
as those from 1.1l1, )avao, the Philippines, are now%- included in the statistical ioidel that is heing used C() test the 
hypot lies is. 

Part I1 Title page, p. *i 1: On the I lydric ) strandelpts in th- Philippines, nia;igenient experiments have been 
installed to demonstrate to local farmers that the ecc'onCoCm01ic benlefits of hand are Ionger lasting than bradcast 
applicatilo of limited amoCtunts Cif fertilizer. Management experiments are designed to intercept horizontally 
available information froim another area C)r regio)n and to) render it useui'll for local col"sunlpti()n. 

Part IV Title page, 1). 53: The Benchmark Soils Project concepts )il agropl)rdiJUcCti)il technology transfer, when 
utilized ly agricultural planners, can hav.. immeasurable impact oin the agricultRal economy C)f the c iintry and its 
local farmers. 
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