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PROJECT 

Dear Friend-, 

The Benchmark Soils Project isan internationally based research project testing and demonstrating that 
agroproduction technologycan be transferred from one location in the tropics to another based on tihe soil faimily 
classification in Soil Taxonomy, Early results of the research conducted to date on thle transfer hypothesis indicate 

that this is true. 
This second Progress Report of thle Benchmark Soils Project presents the results o' 13SP research from January 

1978 through June 1979. (Results of previous research are found in Progress Report 1,available from tile addresses 
Lon thle back cover,) Fmphasib ison the verification of the hypothesis that soils belonging to the same family, 

according to Soil Taxonomy, have a homogenous set of characteristics that can be used to predict crop response ~tnd 

performance under speciied levels of management. Experimental results are presented only to thle extent needed for 
thle statistical and taxonomic interpretat ions, 

Tests to demonstrate the validity of the transfer hypothesis are addressed from two viewpoints, First, an 

interpretative approach isused to predict crop yields by matching soil family charactrristics to krop requirements, 
Second, actual yields are analyzed by astatistical model developed to test the transfer iy)pothesis. We have not 
reiterated at length the basic rationale of the Project or the generalities on research strategy and experimental 
methodology; for more detailed information on these aspects, various publications of the Benchmark Soils Project 
can be reviewed (ire Appendix 3). 

While the immediate objective of tie Benchmark Soils Project isto test scientifically the hypothesis of the 
transfer of agroproduction technology based on information contained inthe soil family name, the ultimate goal of 
the Project isto ensure that the world will be able to feed itself, In the next quarter of acentury, the world will have 
2billion more people to feed. There is little doubt that there Isenough land and proper technology to produce 
enough food to meet the anticipated population increase; but there isconsiderable doubt as to whether the foold will 
be produced where itIsmost needed or be distributcd Inan equitable manner. Research efficiency needs to be met, 
and agroproduction technology transfer isone way to achieve research efficiency. 

Agrotchlnology transfer as ameans to meet the worldl; folod demand will require International coordination. 
Acommon soil classificaion system used by participating agencies and countries isessential, and a uniform 
procedure (or making and inhrprethng soil surveys based on a common system ofclassification must be employed, 
Interational cooperation Inthese areas will render declsion-maklng 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 

omments andsuggestions will be appreciated. 

f Jores A.Silva Pred 11. Buinrth 
PrIncipal Invncthgator/Hawsili Principal linv-stlgtor/liuerto Rico 

~ ________________________,______________~ kS~'~ ~SSS 
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Highlights of Progress 

Establishment of a Network of Benchmark Soil Families,
U 	 Three soil families from upland areas that have the potential to be productive tinder appropriate management

practices were selected to test the hypothesis of agrotechnology transfe~r. 
0Detailed soil surveys were conducted in nine countries, 0The network of Tpl~erkc CutrustOx was Completedand anetwork ofthrev sail families has been citablished with thc addition of asite in Puerto Rico; experimentsoi, 23 cxperimental 	sites ii Blrazil, Cimeroon, Hawaii, arc inprogress on all eight sites.-Indonesia, the Philippines, and Puerto Rica, * The network of Typic Paleudkilts isnlearing complction~9The network of H-ydric Dystrandcpts is full), opera. with siteestablishmentandfied opeaionsInIndoniational; field operations arc inprogress on all, nine sites, and the Philippines; amemorandum of understanding' 

was approved in Cameroon, and field operationsa.
cxpectcd to begin inLanwroon by 1980, 

Development and Successful Test of a 
Statistical Model for Agrotechnology Transfer 
Initial statistical tests on the Hydric Dystrandepts were released in 1978 and in 1979. suggesting that the
hypopthesis of ngroreclitology transfer from oneflociation to another on the basis of the sail family will 'very likely+I L IILLLL{II ! , ! 	 ,jLLI I ! ;i 1i 7:~ff ; }: ;ii !!l@%! ¢ ; iq iii!!_:!! !? ; iF
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. : < t? i!! i iM ?! VLL V! 4 i " !LL !, ~h : 	 7 ! - b ; ?i : d SLY I7:!d0Atotal of7Ntranif'erexperiments were conducted on the ' ~ ' V ;i I ;! '! I F L'r {_ I ! !-Phosphoarus was required on IIldric lDystrandcpts (othree soiI fitmilIics from Jan . 1978 to June 1979 to gcn' achieve acceptable maize yields, and response tonicra&te data for statistial tests ofthe transfer hyp'othesis. trgnwas gnrlymre hogotteHdi

o Thei %tatistical test of the transfer model combines data I Dystrandept network. esixeclly at the highest plios.of experiments fronm difTerent countries anti sit&%ontone phorus rates,
family and predicts 	the yield respvos of maizeat an. -On h 1ottcErutx h rnfriiiiirt 
otar %tstof the m: ol o fam dri. p~srndpsroducedthe hlighest yields to date; .12 mctrkc tons/mdel* Ealy tstsofn tete I lydic Ostrndrps ha. Less phousphorus isrequired (u'racccptable m~lrewert successful, yieldson thel~lopeptic lutrustox than on the liydric

0The 1ProJect demonstrated that thecre isasimilarity o( Dystrandepts. 
response to phosphorus insoil%thoat are widely separated -Yields on the Typtc PAltudults w-ere comiparable tobut are within itcommon soil family, those or the l4ydrlc Dystrandept. with marked re. 

sponse to nitrogen and phosphoorus. especially oin the
Indonesia ites, 

,Demonstration of Soil Taxonomnic Considerations 
tS'IsImpliIn this Prqrcets Report. as an example ofpmlctlng~crop Ivfrmic thrigl) &)il Taxno~my' Itwas 

LI 

demonstrated thAt the quAntitative dwternrations (or soil and environmnental chArActivrinik, used InSoil Tax.0fltlmy lend themselves to evaluating criteria for land quAlItles for specifli land use. 
-0 211w 	 Project conflrmed the expectatksn thoat tlw Cool andi a710 Project confirmWdw vcthafatt float thr yvltfd(et environmengro ofthe -lyqliiwL 	 ystrAndejis lim its the, the Typic PAtleuutoswuld fit, lowor tan floe m1pep~ We

aaollbkpVN~o% ritheicvry Crop poth~l, flutrustox, The Typic Psittlults hmv at*irni And 
11C Projet f21rmed thi oirition that flitUlvit hunild irtvirorn ,r Fttustox yieldif %oiidlov liI st of tlw thrm iioifI 	
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Compilation of Crop and Soil Management Information 
Crop, soil, anid weather data for transfer, management, and variety, experiments were compiled and stored in thle 
Benchmark Data Bank for application as thle data bank system isexpanded. Information on variety and manage. 
ment trials wvas transferred to local governments for in-country use. 

0Atotal of 1-1 variety trials wert! conducted on primary @Residual fertilizer experiments cfmiectly demonstrated 
sites of all three soil families, that phosphorus application isefective for several crops, 

*Results on the l-ydric Dystrandept network indicate. and thus the net cost of fertilizer per crop is reduced
 
that the bcst-adapted local variety, not auniversal vii. (H-ydric Dystrandepts),
 
riety across site%, provides thre Nest assessnent of yield * Addition of' farmyard manure or corn stover with ap.
 
potential at aspecific site. plied phosphorus produced higher yields than either
 

* Results on the Tropeptic lEutrustox network indicate organic material alone (Hydrle Dystrandepts).
 
that acommon variety exists for all sites across tile net. * Initial results from placement studies show promise for
 
Work. developing simplified fertilizer' application techniques
 

* Atotal of 32 management expeiments were conducted to maximize return from small phosphorus applications
 
on all three soil fajmilies, on soils with high phosphorus fertilizer requirements
 

* Nitrogen and phosphorus were found to be thle most (Hydric Dystrandepts).
 
limiting nutrients for maize, and phosphorus and potas. e Plant population or density reduction reducJ grain
 
sium, as well as molybdenum, %ere limiting nutrients yield per unit area but Increased yield components. such
 
for soybeans (fiydrkc Dystraxndepts). grain weight pi-r plant and number of ears per plant
'.as 
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T1he crop and soil data batnk was enlarged to Include aweather data Mie. Aco~mbination oI'tli three Mies isbeing
 

systemattited tip provide itframewxork for the development of an interpretation data fOle,
 

Establishment of a Network of Cooperating
 
Countries and Agencies
 
The Project has had .an Important role Inthe groywing network of communicating and copoperating research 

K.Institution%fixusing sin the flood probilems of the tropical world, 

6The PrOj(*t IIA entered into cornq'erativc gremernts * Project personnel oranlied the Second International 
with five sgencies/lnsttutlons and established linkages Soil CIasSIflcatlon Workshop InMalasisa and ThAlland, 
%ith three Interiialon~l agriultural research (triers. Augtisi~ptcmbct 197M. under osMprirnt frm 

* l'Mwct peroonniel partklrased Inpla4nning and organii. the U.S. A~ency' for Intrnutlorul IDevlopment,
 
Inl IhnternAtiortal conference on the Operatinal mIr # PCARK (P1hilippine CZouncil fr Agricssltuia Resources
 
plkAtlonii ofA~nqvholoy T5fl mecReserch that Kesearchland SKI (Soil Research Institte),cuiopetitlnI
 
1014 hld At I lyderalwd. India. tby IGHISAT (Intefl* agecie In the Philippines ind IndonesIA, convtntd
 

Crops KvieArch Intiltute rot he .,i.ArlJ Adsrhoy 4'omittres to provide guidance Inthe con. 
1CC.tional 

Uvthsk h uinlt1711 duciti44reinal pnigrAmsbIy the Project andtoservea 
6 I'tnoeI petimonn$l were invited tip asOtt In lannino the bridige btwt~vo hostomntry scientists anrd plantirs.,
 

41l~hrusty 19111 timncercon&oils with Viable Chartgo
 
to it1*edIn New Zealend under 11w ausjies oW the
 
lntcroallowsal Stciety of &ill .cience and flhe New
 
?elni':*W.(r h kl Ab ls Ptoo.~mho l 



Promotion of Awareness and Ut~ilation of Project Concepts* 
Dissemination of results ofresearch and the th.-orics and implications of the Project, through participation inconferences and through publications, has stimulated interest in the Project and catalyzed utilization of the 
concepts5 in various areas, 

0The mailing list (or Project publications now numbers *SRI (Soil Research Inutitute) has also initiated anationial'over 1400 people hii more than 50 countres~ Benchnmark Soils network withi the establishment of ane Eixpressions of interest have been received frm aflufll cxpliental fArni ini South Sumfatra. which has beenher of countries, including Haiti and Rwanda, operational since early 19M$ SRI has been conducting9 Brazilian officials of UNIURAPA (Empresa lrasilcira dc soil surveys inSumatra to identify soils,on which nine;Pesquisa Agropeculria) asked Project personnel for as- agricultural research stations arc to be situated; thesesistance in establishing Astrategy to Utilize the Bench. stat ions may become part ofanational Blenchmark Soilsmark Soils concept inBraid. They visualize the linkage net-wk,
of anationA: net .ork with an international network of *, Ajoint proposal for the classification of Philippine soilsJ
soils. and theuw ofgSilTaxonomy for qirechrology trins-,*Indonesia envisionsover20in-country agriculturalde. fir wsas prepahred by Philippine Project permonnel and.velopment centers, Centers have already been es. representatives from B1SItcooperating agencies. the INu.tablished inCentral and VititJava, integrating various teats of Soils and PCARR (the Philippine Council foragricultural disciplines to test fixod crop~s for suitability Agrkculture and Re1sources ReseArcii and the University
for local firnlesTheCencrnesituatedon benchmark of the Philippincs, LO BAftOS,

and extensive soils of aparticular Area.
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Agrotechnology Transfer 
Awarepss of Project goals has been disseminua through the development ofAtraiging prtigram on Soil Taxonomy andl
Agrotechnology flanfer. 

7hirteen selectedl soil surveyors rersnting each 411th The idAte impact 0(the WoIkShop Iwas 1he supp11 
designated agricultural secors of the Philippinest at. esprestiJ by the Philippine gotrment agenue4 1(ur atende a%wrkshopon Soil Taxonomy, Its use and Inipli. 4oordinated plan (fothe paniclpants to sysktkatcllycAtion; toeagrotechnology rans~er, developed ant spot- clasify soils at she eperiment staions intwh regionsoresi by the Benchmark Soile Project. Asimilafrk ĉ-otdhsg to SO A~NuNny,
shop Isplanned fort 19PA) in Indonsia andi fo 19811 In * Sevn graduate itudents te spoN)MAesi by the ll$PAI thel
Canierwn", University of Ia IAWO, uoNM conIpkliO00diof thI ' 

d*hstutents will piwi&coentinuing utiliatho of the 
Project cimcepts sind adAptton to (uture natol 
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K~FERENCE OACIKGROUNr, 

Raoale Inen. and Perspectives
 

Since agricultural experimentation is both expensive and time-consuming,
it is necessary to reduce site-specific research and capitalize on agricultural
experience gained elsewhere. The underlying rationale of the BSP isthat soil 
and 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. Early results of 
thde' research conductea to date on the transfer hypothesis indicate that this is 
true. The ultimate objective is the 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 

N" * world. 

Recent events, especially the World 	 the yields per unit area and in'the acreage or 
Population Conrercnce held inBucharest in1973 cultivated land. 
and the World IFdCnernehl inRome in Time has shown that the exrplto of 
1974, have brought the rood and population agricultural experience from developed countries 
rroblem of the Third World Into sharper focus inthe temperate zone to iess-developed tropical

K~~.';.. 	 and new prominence. Itisobvious that efforts to countrkts has met with little success. One reason
confront the steadily worsening rood situation, for the failure Isthat many soil, of the tropics
especially inthe tropical world, must consider have properties chit require management 

N Ncte fact chat fossil fuel shortages are no longer practices unique to these soil, which do not 
vague predictions but areality, and that marked necessarily conform to the known practices (or 

soils of the temperate region%. This Implies that'1 
"Soil Toxonorny describes procedures for process ofagroteclinology transfer to less-"'.the 

Iclenflfylng simlar soils Insimlarv environments developed tropical countries must take place
onoaglobol scole." predominantly within the tropics..: 

~ ~ f giutrl ~ Inthe transfer ofogrotechnology, 
" 

tieIncreases ~ ~ ~ ~ inteoidco~asist~ 1 
IncrasesInprducionte rogrcultralBenchmark Soils Project was established by U 

4'co$modities will be rticted Inmany areas', Agency,for lntemational Development Cntract 
~"Nby the high ctst ofchemnical Inputt and by.. 'No. AlDtaC. 1108 with the University or 
Silmitations in'the environmen'tIt Isbecoming Haw~llIin 1974 ond Contract No. AIDA4. I II 

evident thit to meet the required rooid production with the niversty or Puerto, RicoIn 197., 
.N'Ne' growt hlee~~g ~kt h Both jpjects have been extended ito 1980,' 

productidve copuclty In~ LDCs Oies'developed Sites were establ ished in 197$ InHivall acnI 
8N~.~' counris) must be expandedt by4Increase Inbo~th Puerto Rico-,In1976 Inthe Phil: itr.ind2 



______ 

fBrizil; nd in 1977 in Indonesia In 1979 

eps were taken to establish sites inCameroon 

(Pg,1). The netwodrkencompasses three soil 

families that are of importance in the 
tropics: the thixotropic, isothecrm-ic family of 
H-ydric Dystrindepts; the clayey, kaolinitc. 
'isohyperthermic family of Tropeptic lEurrustox; 
and thle clayey, kaolinitic, isohyperthermic imily 
ofTypic Paleudults (Table 1; see Progress 

SRep. 1, 1978). 
concept in iswhether 


agroteclinology can be transferred from one 

topical region to another tropical region on thl 

basis of Soil Taxonomy at the soil family level of 

cassit, ation. To test the transfer hypothesis, a 


~series of crop jproductionand soil management 
exiriments are being conducted in all three 
soil families, 

The thrust of thle Project isthle acceleration 
and reductioni of cost of agricultural planning and 
,devel'opment inthle less-devedoped countries 
(LD~s) through the process of agrotechnology 

Stransf'er. Thus, the Project istesting an 
innovative approach to agrotechnology transfer 

I*4YW,41wop 

44W OW" 

CAM 

44,,f 

in the tropics and developing a methodology 
designed to assist LDCs ineffectively and 
appropriately utilizing theirlan resources for 
increased and better quality food production. 
As a result of Project re'.:arch, these countries 
will bypass three imajor constraints: scarcity of 
qualified rese-.ch personnel; insutticlent capital; 
and, above all, lack of time to cl--se the widen
ing gap)between agroproduction and food 
requirements (Fig. 2). The challenge is to 
incre, rood production to match the rising 
population pressure in' a timely mann,-

Ifproven correct, the concept will .. ve a 
profound effect on food production inthe world; 
millions ofdollars worth of research information 
produced by thousand. of man-year efforts will 
be avaiiable forImmediate tapping; costs of site
specific trls all over tile world will be saved. and 
a worldwide network of expertise to expedite and 
provide needed information for devck(pment will 
be established. 

The basis for the Benchmark Soils P'roject 
isthe soil family, as deflned inSoil Ttxonomy 
(Soil Survey Staff, 1975), which contains the 

Of,440 
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Table 1. Sol family network of experimental sites
 

Roforence----Typeo fMleon+

Location Site _____. _ abbreviation experiment achieved 
Soil Family A: thIxotropic. sor,-rmlc Hydric Dystra...dpts 
flivWlii . Niuli, ole, Norith Kohala, Hweii 1V)F Primary 

Kkaia, Honokaa, Hawii KOK Secondary b 
Niil, Hata. North Kohata, Hawaii HAL Secondary 5
 

Phfipirns Philippine Union Colli e, Panicuason, Nagi City PUC PriMary 
 5
 
Paleslina, Pill, Camarines Sur PAL Secondary 5
 
Burabod, Ca!aanga, Camarines Sur BUR Secondary 5
 

Indonesia ITKA, CisaruaJavi ITKA 
 Primary 5 
PLP, Lemi, ,q,Java PLP Socondary 5 
Soguiumng, Ciparnas, Java LPH Socondary 5 

Soil Family B: clayey,kaolnitc,isohyperthermicTropeptIc Eutrustox 
Nott Ri o Isabela ISA Primary 5 

lahela 
 ISA-2 Secondary 5 
isabela ISA-3 Secondary 5
 

Briil ParanA, Jailh 
 PAR Primary 5 
Bahiia, Jaiba BAH4 Secondarly 5 
Ceari, Jalba CEA Sixondary 5
 

Hawaii Makilialoa, Molokai 
 M10L Primary 5 
Waileio, Oahu WA! Secondary 6 

Soil Family C,clayey,kaoilnl, Wlohyperthermk Typic Paletidults 
Philipp nes favan. Mindanao BPI Primary 5
 
h Of irit*ia LVapun, South SUmnalir'l 
 NAK Primary 5 

Lainpum , South S,mata BUK Stcondaty 6 
Laflpng South Sumatra BPMD Scondlary A) 
firombi :. CAM Prlrnry J 
Soithw*t Province CAN Socondafr 3 

V~~in 1 sil %irwiv Initfloi. 2 - sil survoy etonrinptw 3 sigi l; 4 ,1siprpred and 5Mawogr umpt ; C. etprritai undwway; 0 

triteria l'or iirintiing similar soils in similar tih sols o(thu world Into relatively narrow 
vnvirtmnents on aglolml scale. The groups, integrating the envionmental (dimatic) 
looks publikation in 1975 made it lnisihbl infiirmarion that is important to plant growth
Ad prolitahle to asmnmble s)ili inflormation with tie plilysial and clemical characteristis 
in asyttematic and standardised way Ir msil that afil~ct soil n-spinse to management (Table 2). 

T.us the soil fliamil) name consttutes a 
"TheProject isdeveloping a methodology c Ldnsuil sdentific statemevnt that integrats
designed to assist ineffective and opproprlore tlw knowledge abut asoil with its nvironment 
utilization of land resouces.'" fil lkawa, 1978). SoIli lassified in the samne 

.amil therefore, Sould have nearly tile Same 
intirlmiretilon and land.um plAnning on Aglobal manalvnilt rt-LtdLrnltsnt.tacoimon rsponse
UAle. It widt ceptAteAnt compreh ensive cuihural prlittiland Asimilar pIential forlit t, 

an..qui.ntittive natu imake dl Taxonomny a cmp pirodct ion,t 
owitul twl (or ag c-dhinoogy trninfer witlhin The primlary lrard,t(10i1Vi!etd lw 

And rong Iknchmirk Soil%Project art, to te ltropcAl cruntrre * ilhe ItylvtIms
111t V-10 ftmily was W~ett 11thle Waik for thAt soil managemrent andi crop lisrstduion 

th e ,uiltr f rotahrology lwcAMwMit rAtifiilc knrwltlgi- ,i , m. can Ien firtptly -rantirretlm. anioatg.. +. ++!
 10 



tropical countries at tie soil fimily level of Soil 
Taxonony and to establish that the behavior
of soils a'nd tt-eir lx-)tential f6r fo'd ...0ttropic 11-

procuction under various levels of management .
 
SinpLts can be predicted on the basis of soil
 
taxonomic Uli.tS.
 

Implicit in these objectives are the
 
substantiation of the value of soil survey
 

2and classification fi)r land'use planning and 
tile testing of the validity ofthe established 
taxonomic criteria, Fora limited numberf soil 
families, tle Benchmark Soils Project is further 
attempting to indicate management alternatives 
that confomi to the economic decision.making 
environme it of small farmers intropical LDCs, 

An opt rational model for the statistical test of 
tie trar sfer hyithesis has been developed by the 
Bencirnark Soils Project, which appears to FtxO crops an no ,.h..+ i .ill . : 
eonfi.n- what soil taxonomists have believed but an-at that wer. prcv d usedonl)yfordirrcsrt)ps %tih
 
have never verified-nameIl) that similar soils as rubhtr and dove%.
 
repond and perform alike.
 

Official linkages exist between the Project and
 
host.countr) cooperating agencies:
 

. Empresa de Pesquisa Agropecuiria de
 
Minas Gerais (EPAMIG), Brazil
 

0 Office National de IaRecherche Scientifi
queet Techn ique (ONA REST), Camerona
 

* 	Philppine Council for Agriculture and
 
Resources Research (PCARR). Philippines
 

* 	c,,il Resarch Institute(SRI). Indonesia 
* 	 Llnivrsity of lawai (UH). USA 
0 Univrsity of Poerto Rico (UP11R). E
 

Puerto Rico Soil familty A
Site 1 In 

Collaboritiori and informal Ilinkages alsoSolfmyA EE 
exist with Emprvia Brasileira de lleultlisa 
Agropecuriia (1M BRA PA): the International 
Institute ofTropkal Agriculture (ITA); the 
Intemational Swylean Program (INT.SO); tie 
Consortium on Sfils ofthe Tropics (ST) tie 
International Crops Researd Institute for the 
Semi.Arid'iropics lCRISATl); IFrtilhizer 
INPUrSigram (Incumplinkso( tlduchWcte + Silo 2 In Site 3 In Sie4 In 

m . 	 ISupplie)of t tetCner; 	 + ++dUnde r ITiht ieEmtW 	 Coil family. : A : Soil1: family A Soll: family A :tlw Offlov te Is Rmhetclhe .kietifiqu 

'Tchnique OutriveMer (OP$IOO.,heb 
AA rvmUli odLPI i "wir. am ihhtheIntern~tionll ertilizer bovlopment Centcr ig,i. 

1h1700; thnSoutheat AsiAn Regional Covntr for I 0011 Wthe4i 01401 10-itsthtnmsrr 	 mar s.. 
W0111141 Of t1Wimnn)o Old inanp.lr sf1$l he 

GraduAte itudy Andi Rwsarch inAgriculture millii tit pliwinrt hln"towsetlo And i tql fia 11 
(SEA RCA); the Ilawall NUTAL Programn gathered eisu% her, 

http:inanp.lr


Table 2. Criteria for classifying soils using Soil Taxonomy (Nion N.F Aa.t. So.l, 
(inworksheet format)CotatN.AIDaC-10)tieSl 

Keys and diff rentiae ... . .. Soil tax ni ,r o USD)A; PAO oI the 
Diagnostic hori/on: 

-
Order: 

United Nations, and various AID Missions,
Agroechnology transfer as a means to meet the 

" " 

Moisture regi..e. 
me..n annual rainfalk 

. , ir e an m o nthly rainfall:8 

man i.no lyJut 
. . 

" -

worlds food demand does require international 
coordination, and an international coordinating 

body must be formed to fulfill this need. The role 
Fe 
Mar 
Apr 

Jun 

- Aug 
Sep 
Oct 

De 

. 

o dyer 

of the coordinating body should be to enable the 
countries with probable tood deficits to exploit 
the full agricultural development capability of 
the world. To achieve this goal, this body must 
ensure that (1)a common soil classification 

Bse status: 
Total bases: , -"-.. 

Cation exhangecapaciy: 
.. 

- Great group. -

system is used by all participating agencies and 
countries, (2) a uniform procedure isemployed
for making and interpreting soil surveys based on 

Temperature regime, 
mean annual temperature:1 

acommon system of classification, (3)inter
national soil correlation and quality control 

mean monthly tompxrature:a 
Jan Jul 

I 
ismaintained in soil surveys and land evaluation, 

Feb 
Mar 
Apr 
May 
Jun 

Aug 
Sep 
Oct 
Nov 
Dec 

. 

-

-: 

Subgroup;: 

(4) a uniform and reliable procedure is employed 
for developing crop performance data, and (5)a 
means of storing, retrieving, and displaying crop
performance data isestablished. These initiatives 
will promote economy of thought and action and 

Mean annual soil toriprature at 
t5O-mI depth: 

will render decision.making for national and 
global food strategy easier and more accurate. 

Soil mineralogy; 
w.it/rdpeecwtag of 

oalinilte . - -

oxies 
niontmorillonits 

othors PaMIly: -

Locatliow ownsip, yillia, ae nitthlfa ites : ___ __l 

: ah0310vsr ;,"kxio: ths meeiajme iod 'ltwag". 

Aflio tugh ffi kItfV*I hieuh dewm ny mildeiw hatiI1In owpk-f,
hgyn1 fillund If hAusu OV1r1ilhj efc On maps%indcOW1l,
I-grate rnsie raturv reglime. Irs arvt Whittih was
penrimrik' toeistuirtvgenwmesi suh At ill I to fit 
jas, nmm. Menentire maip can Iv ttrwaty"l by1W1A. 

ii~anynikfrwU~v, af~euiil pant.are cee offt 
12r oruilif 1nfoehan, 



OAIM1C DESIGN, 

Research Strategy 

E~ffective technology transfL-r 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 these needs. Variety trials, a third type of 
experiment, atre conducted to evaluate suitability and compare crop response 
to treatment variables. Rigidly controlled, standardized procedures and 
guidelines are followed for field operations, data collection, and data 
processing. Weather parameters are monitored at all sites. The srdtistical test 
of the hypothesis of transferability ofagrotechnology among soils of the same 
family isthe pivot around which all the activities operate. 

'11Wsracgy of the test of the hypothesis transfer, experiments are designed to digest 
! i1 ;:
 

i ; ! -. i <!i~ :i;:. i :i :;:,:::::G! i !7i! ! L! 7 iL <~i:i :i ; i !Lq : }?+ LL iT : !7 i!:i !! L ;t !7 L i : i ::: LI V LiL -: / : t: i i:3
ito conduct aseries of identical experiments horizontally transferred information and render it 
inphises ofroic same soil family and to monitor socially and economically appropriate ror local 
crop performance. The ricarcl design and assimilation. 
methodology were devloped inconcurrence FIX 3. Inthe Benchmark Swils Project, two I)31Ior 
with the recommendac ions orfthe UXrkshop, on xperinients, iransfar and mmnagement, hav been do. 
.Experimnental Design in 1974 (Silva and sig~ned to stud), the horlimtocl andi vounkIal cwpnens 
liqinrosh, 1975). oriaanitecnoojcy transfer, 

HORIZONTAL
*Horizontal vs. Vertical transfer of basic Information among nations 
Transfer 
i1*o componenti aire mssntial to the process of
 
rransiirr Ahorlitontal component that delivers
 
basic Intbrmatlon and technology to and among
 
naions. and avert ical component that del ivers
 
technology tailored to local situations to the
 
(Armor (Pig, 3). Inthe Benchmark Soils Project,
 
two types orexrperiments, one rot horizontal and
 
the other for vertical technology transfer, ame
 
conducted. noexpet Iments related to the
 
horlonetal componet are called "tramfrer
 
CAperinens and ame designed to test the VAIA
 
~sultsabilythe ollfmily a an It~n ento.. dlVERyfTeChALo 
trantrer physically eppmpriar Inrormation and 

.. . .. 

dehliyo toof~ ialoy 
tloo olclstaintechnology. The 'man~gernentr*orvettkal 



____________ 

TYPIC HYDRIC TROPEPTIC 

PALEUDULTS 40. DYSTRANDEPTS 40-- EUTRUSTOX 40-
Soil Family C Soil Family A Soil Family B 

2sites 80 ,3sie 80 ._ 

100 00 100"
 

indosites 

Fi ,t,Iink*at.'e an~ungt)!qwrst;ngc1unr$I, in tiw lkenc'hmark .ih lPnjio eurrvnt!, hlutlc 21 iexpjrlnwnsa1 
tiwL, ,;lwrmu i,njal in lrtt .i (a iw111Th iis 'wh in C;amnro and thw iPhilippines will 1 Iwl.railonat h)+twailo. 

3wkfo F iel
siprterte 

Newokmf3oi Fmiieidnid 
!hbr e wit families from upland areas that have 
dthe potentiai It)be productive tinder prope' r 4 
maln.9wmwnt practies were sehte1 nt 
nes+t tlie hyponhdesis: thle duixotqpik. isonlvrmk 
Ilydric 1)y'+randeplus; tlhe dlaycy, k+olhnlrk, 
isolypterltwrmic Tropeic "(*lht 'iunrustrox
is :t1, th'tin~k Ietween e tHawaii and dhw Puerto 
14, Io6 t'rt a1.d the ;a)y:y, klnntic. li
is"t)prlrnkni Ty'pic Paeuduhts. 

site int countr. As apI s2ilt 

Hwn drawing up 

agreement witlh rte country was necessary w 
penmit detrailed sil surveys at ti popsd sites, 
The Proect'soil classilicaton spelilst surveyed 
ateas whilh were probalyl In the approprimtc
timilieand c-llected soil samples, ,&lswere • 
c)~hanertzed by laboratory analysis rind •
clt ed into appropriate falmilieson the 
bsit and1 laoatory d ,.ts pprin-Wfiehd
pri familes wereidenfied,,a n .e mI ua tgreement prmiltaidufn was ncesared with 

t, heliyykaliitc
'Monoge vnecpermenrs ore deslget 

tvgwtrivlyOI-tlylin tron the I urti% 1wvilerred tnforrnpotoqlawiadth 
Hai crmmts,414 taileminrry.cominaftinI'siosmllotion)oo .. ....
 

i"-: i "nejtfiaion sol '"-I"suveyaniclaslflar~n~,and 
Mnrament exheins ad tosged lihae 
digrs , infrtion fors~rh orizontl tasere

1atiu:tiij apji tTloaasmily 4 n hon ol uvyr nnati lwonr 

Minig, 111 P+Ii(0t+ (1101,01i itUli!+t"+IY 
wotli ofsltm) nomtinIi m.,lr 

tolltu+# y i ( 4 11tit tm I+:+++"i''::: Vill..... rvq+•tv .]++ " t it ig ti'unt y w"r and 

fileati couflertixa projeamlesdoilwasrhed
The o. roeratinl casnttiorn spe srve and 

,or he Ior eopiateittinarwicieprton in t Pper(fUll ed intothen assljted fAMhed On ctile 
offirojtv antirn4ITer dita.Aslaed an 

iaHaliiin thea~rnomni, meth~ds to benemlk d itmtolavinviltn lab1cor ad taY 
iiiollitits er contr),use oti st n 

Join particwmork i hesjprjecFrs al ite 
1(wrtyrn+,siter i it clvartA andix lre oil(mtin co thaprnject [vaewas raie 

ficii itr cmlitt. ++ ?+ 
1vntokoe+rnetlt nld 

di tPp ni llio it.............in ]
i+ ': w a i n h o.....ig it 



Experimental Variables 
Tle,A m variables (phosphorus and 
nitrogen) were selected by tie Project for three 
majre"irs(1) tile, are controllable; (2) they 
aie impoan ( t the aest plant-in this case, 
nliize: and (3)rtile), tire key features of the soil 
faimilies under study. Uncontrolled variables are 
also being monitored to explain the sire-to.site 
differences that may be encountered and to 
confirm the climatic regimes of the three soil 
families. A full discussion of the variables is 
round in Progress Report I(1978) and in thle 
section Soil Taxonomic Considerations, 

tDesign
Experimental Des nthe 
and Monitoring 
There art two types of experimental sites, 
designated primary and secondary sites, and three 
kinds of experiments, referred to as transfer, 
management, and variety experiments (Table 3). 
The conduct ofthes experiments requiresilnstallation, maintenance, data collection, and 
inalsis an. interpretation. Short.rerm activities 
include ollectindrpreonse data on soils 
ielouin o thng cmp resoly a ocn sils 
an!0ngin t oe co epo st same familn 

Longterm actiitep
include testing whether 

ItIs ncrip resies are imlla amngw tmilar 

oils. and, f th test ispanlermarsi similar
developing 


aoil. ,e w testi afmane practice 

a (aivchnlwhich
anae racsfebet 


otlhrs ilr eren
ian 
similar soils anywhere the world. 

Transfer Expedments 
At each primary site (one on each soil family in 
each counry), all three kinds ofcxperimcnts are 
generally installed, Secondary sites, which 
arerelatively smallerandused primarily rot 
traser estperimentir, dirrr from primary sites in 

thtthey exhibit variations Insoil properties 
within the range permitted hy the soil ramily 
d~efinition (w IkAws, 1978). 

Eatch site Iscompletely instrumented for 
colliection orwearcdata, Thliafollowing weather 
prammeresare ontinuously moiored A~ 
borterYaOperated mechanical wetther station,,Air 
terrperAture~ relAtive humidity, rainrl~l, wind 

Srun anid wind direction, Woar radiation And soil 

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

Standar ize..xp.. .menalprurvsir 
followed to assure comparability of results 
throughout tile network. An extremely 
detailed set of guidelines was developed and is 
continuously revised so that laboratory and field 
experiment procedures can beas nearly identical 
as possible. All field operations-such as land 
preparation, pest control, irrigation, cultivation, 
and harvesting-are considered, as well as field 
plot designs and data collection at all sites. 

Field experimentation entails the following 
procedures. Proper planting materials are 
obtained, and the experiments are planted after 

treatments have been applied. During crop 

growth, adequate plain 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."
 
tthe form of insect, disease, and weed control. 
Plant samples are collected at tasseling, a critical 
stage of growth, to monitor the nutrient status of 
the crop. Diseases and insects are identified, and 
the extent ofdamage israted. Phenologkcal 
characteristics arc recorded periodically. 
Adequate irrigation is provided throughout the 
crop growth. Crops are harvested, and important 
yield parameters are measured, Quality of the 
crop, such as Its nutritional value, is obtained In 
selected cases. Soil samples are collected after 
harvesting and analyzed to assess residual 
soil nutrients, 

Tiiol 3.rixprlinwnts Inito Sensitmerk Slis Projet ltre I 
famlIyMIWtks 

TYo@ PUipow 
Trwitlr 'to lothypttillof Snllryid rwponm 

exrfrtieht lnmforblltv of Oi11118 soil 

To W*fy mttVE5cIO01H& 
odwIM -ti bt4tks 
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Experimental yield results, with all related 
data on. controlled and uncontrolled variables (sve 
pages 30-35) are analyzed in conjunction with 
the Project statistical consultants with tile 
ultimate objective of statistically testing the 
transfer hypothesis and developing a model of 
agroteclitology transfer (fee pages 36-38). 
Three approximations will be made on all three 
types of experiments. The three approximations

"tstin--i t,.:i will be used to indicate' rthree possible levels of 
testing-ie., two years of testing for the first 
approximation, which isconsidered minimum for 
field research; four years of testing for the second 
approximation, which would considerably 
increase the reliability of the results; and five years 
of testing, which would optimize tile reliability 
of the results.. Data is stored in the Benchmark 
Data Bank, Data analysis includes recording data 
on punch cards and carrying out regression and 
variance analysis. Interpretation and display of 
data is eing accomplished, and the transfer 
hypothesis isbeing tested. 

1e approach taken by the BSP isshown 
schematically in Fig. 5.The statistical approach 
isunique for this kind of experimentation; it in 
itself isexpected to Iv a significant contribution 
to scientific research (Ehrenreich, personal 
communication),
VaritExprien s 
Variety Experiments 
Variety trials are conducted to compare crop 
response to treatment variables. In addition, it 
was devided to use the "xst adapted local 

CONSTANTS 
(soil. cllmc'o) 

CONTROLLED VARIABLES INPUTS 

variety" as the test crop in tle transfer 
experiments, Experiments with all the 't ransfer" 
varieties from ocher BSP country networks will be 
necessary in several places on primary sites for* 
compiarative purposes. Split-plot designs will be 
used for these experiments, Where there isdoubt 
about the best adapted variety for a location, 
some preliminary variety experimentation may 
also be necessary. 
ManagementManagement E'xperimentsExperiment 

a 
Management experiments on maize are being 
installed at the primary site on each soil family in 
each country. The objectives of these experiments 
are (1)to provide information to local 
governments on ways to increase production by 
improved availability and utilization of resources; 
and (2)1t provide basic infornation to local 
farmers with limited resources to indicate how 
tile), can increase their yields. Some management 
variables that are being investigated Include plant 
density and spacing, irrigation, multiple 
cropping, residual phosphorus, phosphorus 
placement, and major nutrient requirements. 
Details ofthe management experiments and other 
resarch to be conducted are worked out with 
each participating country. 

There isan annual meeting of principal starfror 
the purposs of Project design, coordination, 
and evaluation, and an annual meeting of Project 
leaders and appropriate contractor staffof" 
each institution. 

DATA OUTPUTS

(applied Ifrtilizersi Exprimentation Transfer (PredICIons) 

lunclions 
UNCONTROLLED VARIABLES 

16 hp i, 11W *dwmetli- iltpMpnea ll Ii ldn .1W erans(vt hi t wii. It III,ti o iateio't-wsPvf Ie," 4..mtt 
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SOIL. TAXONOMIC CONSIDERATIONS; 

-- PrditngCrpPerformanceand-__---
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 oron 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.. 

Publiation ofSoil Taxonomy In1975 filled a 
critical void; for the first time itbecame possible
and profitable to assemble soil Information in 
aisystematic and standardized way tor soil 
interpretation on aglobal scale Soil Taxonomy
israpidly becoming the uno clal intemational 
languae, and Its comprehensive and quanti, 
1ative nture mrkes it powerul tool for 
a.rotechnology transfer within and among 
developing nations, 

The Benchmark Soils, Project Isthe first 
comprehtnive effiort to scientifically substantiate 
the efficacy orsoll classification a It relates to 
predicting the behavior ofsoil, IdentiryIng their 
best uase, And estimating their productivity 
--oll of which ame Incorporated Inthe term 
agrotedinology transfer. B~ut the validity orthis 

onp i been sumedforome time; Inthe 
forword to the PAO4INBSCO Soil NMap orbe

18 ' tld (PAO$ 1974), ror ouample, ItIsstated 

that one objective was to supply ascientific 
basis (or the tra ner ofexperience between areas 
with similar environments,., (for) ... with the 
tremendous amount ofknowledge and experience 
ilned Inthe management and development of 

different soils throughout the world, the hardship
perpetuated Insome are by mcthods ortrial and 
ei tar Isno longer justified.,

Soil Taxonomy recognizes that soils have many 
properties that have causal relationships to soil 
behavior, Those properties with the grestest
number orcovarlant or Accessory characteristics 
are selected to deonne and separate the various 
classes and categories, Classes of the system Are 
defined Interms orsoll properties. but there Isa 
tendency to place more weight on soil properties
of agricultural relevance. particularly at the lower 
cteki levoe.Ius esoil Properties control 

wo behavior, taxa o(ui flwnomy tharefore
should refleer behavioral patterns. 



Like most taxonomic systems, Soil Taxonomy 
isa multicategoric system. Each category isan 

''aggregate oftaxa, defined at about the same level 
--Ofabstraction, with tile smalklst- number o--

classes in the highest category and the largest
 
number in the lowest category, in order
 
of decreasing rank, these categories are order,
 
Suborder, great group, subgroup, family,
 
and series.
 

Soil families are differentiated within a
 
given subgroup, primarily on the basis ofsoil
 
characteristics that provide classes having
 
relative homogeneity in properties important
 
to plant growth and indicative of soil-water.
 
root relationships. Soils classified in the same
 
family, therefore, should have nearly thle same
 
management requirements, acommon response
 
to cultural practices, and asimilar potential for
 
crop production. This assumption is basic to the
 
Benchmark Soils Project and a test of its validity Fig.6. Matching land qualkits determined from soIl
 
is the principal concern of the Project. taxonloic considerations to crop requirrnents Is a
 

of prediting crop performance In an agro-n-The validity of this assumption can be means 


examined in two ways: (1)by collection of %dronment defined bya soil family.
 

.xperimental data (ire pages 29-40), or (2)by for example, is a land quality that results from
 
interpretation of pedologic data. Interpreted data the interaction ofslope angle, slope length,
 
are less expensive and easier to obtain, and they permeability, soil structure, rainfall intensity,
 
can sutbstantially reduce development costs by and other characteristics, Because it is the
 
alerting planners to soil limitations and enabling aggregate of such interactions that controls
 
them to exploit soil potentials. One purpose
 
forassembling high-quality pedologic and " I t d r l ex ,,nsive ,ndI[ i to 

climatologic data is to enable asoil interpreter Interpreted data ore less expensive and easter to
 
to predict from them reaonably accurate soil obtain, and they con substantially reduce
 

and crop performance data. development costs,"
 

crop performance and soil management, it is 
prfcrable to evaluate soils interms of landLandQualisthe

Land Qualities as qualities rather than interms of individual
 
Synthesis of Soil soil and land characterlstics, Inthe following
 

discussions, land qualities of Importance to maize
Characteristics production and the concomitant soil management 
Akey element In obtaining interpreted requirements are estimated from the differentiat:
 
performance data Isto match land qualities to defnning a soil family and the accessory propertes
 
crop requirements WFIS. 6). ofthle taxon.
 

Aland quality Is a complex attribute ofta soil About 20 land qualities related to crop
 
unit as It appears Inthe landscape, Normally. a production and managoment are recognized
land qual ty defles direct easurement; it Is however, not all of hes are relevant rr tle soils
 
usually arrived at through the synthesis of a under consideration. Thle discussion or land
 
number of individual soil characteristics qualities here. therefore, Isrestricted to moisture
 
(Interprttation o pedoloL da'.-Iol~ldlt) and their availability, energy avallabilityj nutrient : . 7
 

Interactions with each otiher, froslon haard, availabIllity, soil toxicity, workability And 
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trafficability ofiliv land, soil erodibility and 
climatic hazards, 

Al~oblJJ ~airilbility-(water-supplying capaity)
rclated to wcral nil characteristics includng 

soil moisture regime, particle-size class, 
temperatuire class, mineralogy, structure, rooting 
depth to physical or chemical barriers, and slope 
(runon and runoff), The interaction of soil 
ccharacteristics with the amount, seasonal 
distribution, and variability of rainfall results in 
the water.supplying atd storage capacities ofi 
the soil. 

"Agricultural development will be accomplished

through Interpretation of Information InSoil 

Taxonomy. TI, D1SP will demonstrate, 

scientifically, the feosiblity of doing this," 


.. i. tail.abili~i islargely a function of 
tvniperaturc and solar radiation, Energy supply is 
closely related to the temperature and moisture 
regimes, Land in ierudic and udic moisture 
regimes, fior example, generally rtcives lower 
solar radiation than land in usti or aridic 
moisture regimes. Land in thermic and mesic 

' 

remperaturv regimes has longer summer day

lengths than land in isohyperthermk or
 
isotrric temperature regimes.
 

anidiabi/tyist mt'ost niml: l...d. 
quality because pronounced interactions occur 
between other land qualities and nutrient supply 
For example, when soil fertility is low, ctops sucl 
sascoflce, tei, cocoa, and black ipper perform 

better under shade than in direct sunlight,
 
Shading hes o 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 isnot related to nutrient 
content inasimple way. Only the two essential 
macronutrients-nitrogen aid phosphorus-are 
being considered in the B.nchmark Soils Project 
approach, More generally, soil characteristics 
such as cation-exchange capacity, base saturation, 
organic-matter content, mineralogy, weathcrable 
mineral content, temperature, pH, and particle. 
size class arc used to assess soil nutrient supply, 

Soil ixkiY Isassociated with extreme soil 
acidity or alkalinity. In acid soils aluminum 
and manganese toxicits are common, whereas 

. . rrmwdt Idng crndllkms amdPtkma, CWia. (lvvdW anshing villap wvar Madras. India(right)nmplry
r l . MX; nvvih that arc thu main thrutt of'ths liSt, iktauw similar wills txurIn Arrica and Asia, ItIspisible that1mopk Inhoth these arvas rould use similar famlng melhod%to incitase cnip 'ickls. 

/ 
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inalkalinesoils boron toxicity issometimes Effect of Salient 
nCOintered, Prcclictions of soil toxicity req]Uirv

careful interpretation ofadditional factrors such Land Qualities on 
--minraogy,-organicmatteron ter -nd ----Crop-Performance-and- 
saltcontent. Soil Management

Sui/ wo.rkability ,nItraflica/4/ty are related to 
the rheologic properties of soil, Soil workability Requirements 
and traf icability indicators can be extracted from Table 4equates the taxonomic name 
paricle'size class, mineralogy, plasticity index, of each family with the inherent soil family 
slope. depth to physical barriers, wetness characteristics. 
(moisture regime), and temperature regime 
(permafrost). Inorganic soils, workability and Thlxotroplc, Isothermic Family of 
trafficability isdirectly interpretable from Hydric Dystrandeptsteoi taxa.:
tSo ndaei/ioy can be predicted fromh INTERPRETATION OF LAND QUALITIESSulli)tuaabh p edic edfr mT h e.se sois req uire supplem entary irrigation 
particlesize class, mineralogy, structure, slope rquiresu tary irgtio .the 
angle, slope length, rainfall (moisture during the dry months but are well.sulted for 
regime), estimated permeabilities, and Ta.le 4 .... i. as the t .. ., family , rt ... a 

ste eaet h aaIaggregate stabilitiesTbe4 olfml rprie
Soil TaxonomyClimalic bznrds include adverse weather 

Taxonomic name Inherent soil family charateristics)nditions, such as wind, hail, frost, and 
excessiv temnperatures. This isthe least reliable ThImotrople, /aothwmI, Hydde Dystrandepts 
land quality. but rough estimates can Ibmade thixotrook High surf we activity"of oloids. 

Isothernic Cool soil temiperatures (15-22%C).
from temperature and moisture indicators inthe Hydric Moist humid soil. 
soil taxi, flystr (3VALow base saturation K 

Complex relationships of land qualities -andept Lowbulk density (40,86pkinal, 
influence cnrop rformance and require careful Cloyoy' k&aol nlt, I"ohypwthmA, Troptd fvtwuwtr 
study by agronomists, crop physiologists, and clayey Mor than 3%clay Inthe subsl, 
agricultural climatologists. Extension specialists kaoinii , Dominatod by low activo clay, 
who make soil management recommendations do 4ytlariC Warmi soil T.a.ur. throistout the yor ... 

sfrom their knowle-dge and experience about the (tmn> 22"C); smtall diiv' between 
soil and crop inquestion. Thequality of their i4Jtfit )O.."dWintP talve V .... 

w..s -.
rcommendations varies with the amount of opIt" stfucTrol tha%#2 
experience, knowledge, and %kill.Askilled h.: 

ti base satus tlon (v SOIII-o to k teivspecialist predicts iprform ance with ahigh 

degree of accuracy. Blut the process remains an
 
on; Itneeds to be-come ascience so that people Pronouncd dry tesw (dry lto "Sor than)
 
with lesis experience can consistently derivD tutl dy/e.


gfvn*lof 00W f WI asumo411highequality interpretations. 
Inthe final analysis, the transfer or ~to~xwtcialY 

* P Pastd.tI. technology for planning clom. Wkt.tk, taftw 40" 

agricultural development will 1w accmplished
agroprtuc tion 

Do 1tniao kvthrough interpterAtion of information organited Wkitlic tf a.1yo Clyi 
and ctndensed InSoil Taxonomy. Thea purposeor EIIS ~ Wr ollma~ke hoFo~twrs 
the Benchmark Soils Project Isto demnonaste 5t ( i etobawn 
scletilcally the (meslity ofdoing so, Mils TY4r Ty-A t (<*0
sedono hisl repot compare estlwweed maine~Cftf O~5 

-*ti 

per'ormsincs deriedmf oi l InterpmeAtioni tl 
with (how obtained by experrienrat Ion on a olt Co W"(0iki1
netwOrk o(&nchmuak solls.~ & 21 
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IE)lri Dystrantkpts are nunuuivc mills. This quality Isrelated to the high aegpregaiv sisbility,and h1~h water 
Intake mic t#his mill, 

rainred agriculture. Beccause of the frequent cloud 
cover associated with frequent rains and cool 
temperatures. the energy supply isreduced for 
biological activity. Crops such as maize require
longer periods to reach maturity, and the yield 
potential islower than insoil families with 
higher temperature regimes, longer daylengths. 
and drier moisture regimes. Alhh'ugh cool 
termpcratures and low solar radiation cause 
pot(ential yields to be lower, low temperatures 
protect maiie from downy mildew, and uni. 
form distribution o(rainfall makes Irrigation 
unnecessary. both of which reduce the risk and 
cost ofproducing maize. 

"Hydric Dystrondtpis are easily filed anod highly
pized fortheir excellent physical prople, 

toncounueredsoil lmtto 'rmipodcon 

phosphorus is"fixed" and rendered unavailable to 
plants. Thixotropic families are generally high in' 
organic nitrogen; even so, maize responds to 
fertilizer nitrogen, indicating that the organic
nitrogen Isnot easily mineralized to ammonia 
or nitrate nitrogen. Although soil fertility is a 
serious limitation to maize production, correction 
of nutrient deficiency isrelatively easy, and the 
potential for crop production becomes modei%. 
ately high when this limitation Isremoved, 

Thixotropic families or "ydric Dystrandepts 
require large~quantisics of lime to raise she p11;O 
but. because of the high bufring capaci ty, 
which resists pH change. liming to achiceve high
soil piIlis not recommended. Overlimin$ Is 
costly and frequently results Inreduced nialic 
yields Inthis ioil himily. Asoil pi1 of(5.2 Is 
generallyadequate for maim production tin 

mvta/l(otams soil,
sllWhlephsphoruts deicecy IsHydrikIn hi Dystrandepts are easly tle n 

comnmori Inmany,wilt inand out of the tropics, 
the Inordinate amount ophosphorul needed to 
corect the defidetncy renders this problem
uniquet he thfzorrop iZmilies, "his soil has 

22a high affiity rotg mPNhorus so that Ienilifer 

highly prized for their excelleni physil 
propertie,Thesoil compactsradily under 
applied prniure but reiss rw~ural compjaction~ 
and consolidation durin$ lr) ing, Compcted
traffi lanes r"'Over good driihAfter tillWge 



Intensive culivation on steep slopes is especially for shallow-rooted crops, irrigation is 

common on y-lydric Dystrandepts, attesting to recommended during that rime. Abundant 
energy isavailable to Eutrusto. throughOUt the .the nonerosive feature of this soil. This soil will 

en iCE' Ur -x2rvobu.rthfactorsbengrode if abusd .
amounts of solar radiation (about 120,000 toHydric Dystrandepts must be considered one 
1410,000 g cal/year), resulting in higherofthe least erodable soils. Because of their 

good rith temperatures. This means that these soils haveand ease ofworkability. Hydric 
high yield potent ials because of the highDystrandepts are ideal soils for producing root 
available energy.crops in typhoon-prone areas. 

ESTIMATED AND IBecause of its susceptibility to leaching,CROP 
nitrogen isdeficient in most cultivated$OILMEDMCPPEFOANCE AND 

F

In the isothermic, thixotropic family of Hydric 
Dsrndepts, climate ingnrladeeg 



supply inparticularlimit maize yields to an 
average of about 6000 kg/ha per crop. Under i,.. 
subsistence farming methods, performance 
of maize on this soil isabout 2000 kg/ha. -
Unimproved varieties cuitivated with little or 
no fertilizer are the main reasons for current :ow 
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 insmtead ofbroadcasting Heavy fertilizer 
applications, particularly of phosphorus, can be 
justified even for the low-income farmer on the -

basis of the residual effccts of applied phosphorus. 
Phosphorus fertilizer applications should be 
treated as acapital cost, because asingle heavy 
application brings retums on investments for 5to 
10 years. Banks and lending agencies should be 

normed of this point. 
Although maizi can be grown profitably on 

the isothermic, thixotropic family of Ilydric 
Distrandcpts. thls~soil should be reserved for 
Intensive, continuous cropping ofhigh-value 
crops. For this soil. crops better suited than 
maize are vegetable crops and Irish potatoes. 

Clayey, koolinitic,
 
Isohyperthermlc

Family of Tropeptic Eutrustox
 

nwiall amount of plant-avollable water TlIrpk tutrustox are kkal mills tior lutenslu 

(10 nm 10 cm soil) Incombinationl with ahigh cianised ogriculiurv. Gentle slope. gimd internal'
Thv O1 

~t.h; ishbl structuro and limw 
putcntial evapotranipiration means that even a dralntW. high *61I 
rWanleiidays may createdrought coflditiOntoAh~~tI~ trbwgecle 20. 



lharrox; only invirgin 11,utrustox %vith The high Infiltration rates and permeability ofepipedons of roollic properties issufficient Eurrustox allow field work to be-gin shortly afternitrogen available for several crops, Thus, in hevIan.'rffcblt fur si 
~~n~anitroqcn is.aaconssentlyiming-factor-- ecellent. Alsoithe level topography associatdfor crop prodiction on Eurrustox, The amounts with Eutrustox isfavorable for mechaniztc
of phosphorus available depend on past crop production,
management and on tht nature of the parent Surface runoff ocurs only under conditionsrock, both of which cannot be inferred from the of extremely high intensity rainfall. The high
taxon name, Qualitative statements can be made, water permeability of Eutrustox and the levelhowever, about the degree of phosphorus fixation topography further reduce the erosion hazard. In 
inthe soil. The Eutrustox of the claycy, kaolinitic an isohyperthermic soil temperature regime, frostfamily have a low.to.moderate phosphorus. isnonexistent and hail isextremely rare. Stormsfixation capacity Combined with the weakly acid and torrential rains, however, may cause severe
character of this soil, Eutrustox requiremoderate hazards to crop production. These conditionsamounts of phosphorus fertilizers to produce cannot be inferred from soil classification but canmaximum maize yields, be estimated from the general air circulation 

Srpattern of the area where the soil occurs, For"Withadequate Irrigoron and fertilizer example, about every 25 years the island ofapplications, Tropepric Eutrustox constitute sorie Puerto Rico experiences hurricanes whose centersof the most productive soils in the rroplcs.' pass over the land area, Inaddition, severe storms 
with wind velocities ofup to 150 km/hourPotassium can be inferred to be present in accompanied by large quantities of high-intensity

these soils in sufficient quantities so as not to rainfall occur in Eutrustox arm. In the case of theSseverely limit plant growth. The presence of Eutrustox of Puerto Rico, there isa probability of
small amounts ofpotassium reflects the fact that total crop loss once every 25 years and the
Uutrustox are not subject to strong leaching; possibility of severe crop damage once
however, lvcause ofthe low cation; r hange every 5 ar-. . 
capacity of Iutrustox, the absolute amounts of
potassium retained inthe soil are small and may ESTMATD CRP PER lMANCE AND 
be-depleted under prolonged cropping. Since SOIL MANAGEMENT PRACTICESthere arc no or few primary minerals that could Te preceding discussion of land qualities clearlyweather to release bas, potassium fertilization is conveys that the limited moisture availabIlity, asrtluired ror sustained crop production. Because indicated by the ustic soil moisture regime, isthe
the Futrustox of the BSP network are at least 125 most severe constraint of Eusrustox ror yeai'rundcm deep and there ire no chemical barriers to rot maize production, Thus, irrigation is absolutelygrowth, the plants can utilize the nutrients necessary during the dry sean. Because o (heand moisture stored Ina large volume oroil. limited availability orfstored water InEusrustox,
Tius, with adeqqat irrigation and fertilizer Irrigation isalso desirable Inthe wet season toapplications, members or this family constitute avoid molitur stress caused by short dry spells. 
some of the most productive soils In thea tropics. While sporadic Irrigation Inthe wet seamon IsDue to pass management practices, the surfaice essential to ensure high yields, reasonable yieldssoil of this family may have apH or less than 5. In can be obtained witho t irrigation. particularly f
which case corrective measures need to be taken thrIsnmotuetesdrig(e m rto avert toicities, thseeli n politis durs i e iecau

iurrustox are readily workable due to the high Inthe irustox there are no barriers to, o
degree and stability orsoil aggragatest upon prowth, and plants can thus draw upon she waterdrying, however, the iurfacesel his atendency stoted inai larsevrolumeorson, Miieyield, or 7to hirdew. snoutgeoperations. dmefrri: are best up to I10,000 kg/hA can ho obtalned underperrormed when (I*soil hu*miture ctinsent rainl'ed conditions Inkeason with well. 

24 ~m1Idway betwee flld c*p$City and wIhtInj point'. disributed rainfall, 
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For soil fertility, of course, nitrogen isneeded, 
Because nitrogen issubject to rapid leitching 
in the highly permeable Eutrustox, several 

---ppIicia io are desirable-_The applicarion of Iow_+ 
to moderate amounts of phosphorus are predicted 
on the basis of land qualities, Potassium is 
predicted to be a nonlirniting nutrient in 
Eurrustox when the soil is first cultivated, but 
owing to the absence ofweatherable minerals 
to supply p)tassium, potassium deficiencies 
can he anticipated after several years of 
intensive cultivation. 

Assuming that the moisture and fertility 
constraints indicated above are effectively 
overcomc and pests and diseases are controlled, 
the Eut rustox have a high potential for crop 
production. Maize grain yields under optimum 
:onditi,,ns of management can be expected to be 
inthe range from 5(H) to 7000 kg/ha. Yields 
during the dry sason when more solar energy is 
available may be 1000 to 2000 kg/ha higher, 
With irrigation, at least two crops of maize and 
one short.term crop can be obtained on soils of 
this 6a1nily. 

Cloyey, koolinitic,
 
Isohyperthermic
 
Family of Typic Poleudults 
INTE! TATION OF LAND QAUTIES 

WVith an udi moisture regime and with
• 
a -vll'ditribut d, annual rainfall pattern. 

the Udults Renrally have adequate Moisture 
available for crop production throughout the 
year. In addition. because of he clayc particle. 
Size dals. the subs)il hAS a high moisture.storage 
cApeity.' The Udults are more likely to be 
situated in hocations where there isgreater cloud 
COer than are Mils asoiated with an ustlc 
moisture regime of asimilar temperature regime. 
1.ss rdiant energy is thus available, mn lower 
yields ar expected in the-s soils. 

cau@ th(e solsW AM highly leached o(bas 
and hav little or no wratherable minurals, crp 
respnses to plhsphorus, nitrogen, lime. and 
the macro. and micronutrient fertiliers aire 
virtully assured. Aoeate amounts of 
phosphuorus intmiurivon ti the Dystrandepts 
*re Kuird SubsoIl acidityand low fertility arc 
the major nstraints tocrop production in this 

4,
 

TI.pic usiwuvW Inf- tim but, r 
pnoper manspwmuh malnhr brive in the lISP qIspeti. 
inntllh'e .riIn1'inSoihOr lisp$manra.an Thh eiimerlni. a colahiwa'iIxz. ,hm:s thw cimmd plints
 
te II in she IIS d11land . s hl h applied P
 

In,hw htacktl.und. 

soil, Since they r leached of haso, thes solls 
require nutrient%such as Iotaisium. calcium, 
and magnesium. 

Although extractable aluminum isnot 
expected to he high in the Paleuduhs with low 
a(tivity cays. it nevelrt-les may range friom 
I to Ameq In the ulpe ixitlons of the argillic 
hornins. Maie Isnot as senslitie to aluminum 
as are so)beans or (tto how it is mor 
sensitie tln (rot" sudAaIIIMPPlf ( CA 

Sod worbility varies with surfc textures In 
Clayey familiel, (Itli tlllJg istoften necessry toi 
-rtlierpronmote dep rooinp. I lowver, ifacid. in(Mile 

Lu il i brhtlih to tsurffatduring $et" 
tillage, lorweir yrldi tan i without p.cur rer r 

manag mt TotiiW thit problm, submoil 25 



ripping isrecommended. Correction of subsoil 
acidity remains aserious problem in this soil,.~Vi I .8Unlikethe Hydric Dystrandepts, Typic

X 	 PYakudukison steep-slopes are subject to erosion,.. 
and reestablishment of vegetation isvery difficult 
because the exposed subsoil isextremely infertile, 
Soil conservation practices should be an integral1 	 part of Paleudult management,

lsohyperthermic families of Paleudults are free 

from hazards of frost and hail but may encounterI problems with high winds (typhoons). Moreimportantly, the warm and humidclimate 
r .. .. planners to aprobable high incidence of diseases. 

E$TWATED CROP PERFORMANCE AND 
.	 SOIL MANAGEMENT PRACTICE

Although water supply isadequate, high night 
temperatures and short daylengths reduce the 
yield potential for maize in this soil family. \Xr:h'1 	 ~ low inputs and low planting densities, 500-2000 
kg grain/ha can be obtained with unimproved

Ivarieties. Without inputs, the land Isincapableofii; iproducing maize on asustained basis and is: 
i ~generally allowed to revert to weeds, The most :common weed lnabandon's)..... 

SyluidrIk (alang slang). With current technology 
1and in,,- oved varieties. 4000-6000 k maize 

i rTo aie these yields, diteartistant 
varieties adapted to warm and humid conditions 
ne ... Aluminum toxicity needs to..I j be reduced to tolerable levels (less than 40J J percent aluminum saturation). Lime isgeneraly 

i! required to correct aluminum toxicity and, reuently to correct calcium deficiency. An 

I I t 	 application of I ton CoCOacre isgenerally5! 	 applied to neutralize I meq ofetractable
 
aluminum. Complete fertilizers containing
 
nitrogen, potassium, phosphorus, mag ium,
 
and the micronuttients muss be added.
 

MaIze Yield Predictions 
for the Three Soil Families 

4Dosed onkSil Taxonomic 
fl~ 14 Ii71w ptecding diwusikxt dleribm how26informatWo 	 contained inthe soil family nam 



can be used to estimate crop performance 

and management requirements based on land 

qualities for the three soil families under study 


---in'rheProjccttlnnhis ctionicollective-- 
comparisons are made forthe soil families, For 
easier comprehension, the comparisons are 
presented intabular form, 

In fTble 5, the land qualities have been 
rated inaqualitative way. The column headed 
"Predicted maize grain yields has been 
subdivided at two levels of management inputs, 
low and high, Inthis context, low inputs imply 
virtually no management inputs other than land 

,wpreparationand mechanical weed control, 
consistent with subsistence farming. Hig 

Sinputs imply the application ofadvanced soil 
management and crop production technology, 

>including controlled irrigation, fertilization,
 
optimum plant density and time onplanting, use 

ofa well.adapted hlgh.yielding variety, pest and 

diseasecontrol, and soon. 


The estimated grain yields of maize listed in 
TablI are estimates derived from land qualities 
and general knowledge of maize production in 
the tropics. For the purposq of these predictions, 
the soil chamaceristicsand qualities conforming 
to the central concept ofthe soil family were 
used, and it was assumed that the soils have not 
been intensely cultivated previously. 

Precision of Predictions 
Dosed on the Soil Family 

Not unexpectedly, the yield estimates presented 
In71ble vary considerably from the yields 
actually measured in field experiments reported 
Inthe next section. In rationalizing thes 

isrepncie.. it must be emphasized again 
that the predictions ae largely based on the 
Information that Itby definition contained in 
the taxonomic name o(the soil family. The 
predictions, thereore, can only be as accurate as 
chit 10fmiaion. Although the soil family is 
quite resroly defined. isstill allows for at 
considirable motIn some characteristics that 
MAmabe Importantto plant growth and soil 

4'dSiSmanagement. For exmple, the bow saturation InP*t 
the ma panIlofthe subsoil or the ~ 4
mutt#bytoinition, be 50percensor mom and 

thus may conceivably range from 50 to 100 
percent. Similarly, the clayey particle.sze class 
permits clay contents from 35 to 100 percent. It 

-should further be remembered thatin the coe+.o-.--
the three kinds of soils investigated in the 
Project, the differentiating criteria for soil 
classification are applied inthe so-called control 
section that starts below the plow layer. Although 
the general properties of the surface soil are 
covariant with the subsoil properties, they may 
differ from soil to soil despite the fact tht:t 

Soll Taxonomy has the flexibility to Indicote soil 
chorocterstcs thot ore not consIdered Inroxo 
definItions but ore Important for a specific 

land use," 

they belong to the same soil family, Such surface 
soil conditions include organic matter content, 
soil reaction, nutrient availability, soil 
texture, horizon thickness, and others. Some of 
this variability reflects the past cropping and 
management history of the soil. Fertilization 
with ammonium sulfate, for example, may result 
in residual acidity in the surface soil. Furthermore, 
although the general climate of the area where a 
soil family occurs is indicated in the soil moisture 
and temperature regimes, the actuml weather 
conditions during a given growing season, of 
course, cannot be inferred from the taxonomic 
unit with the degree ofaccuracy desirable for 
precise crop performance predictions.

Crop performance and soil management 
predictions could clearly bo refined Ifthey were -
based on information more specific than that 
contained Inthe soil family. In fact, Soil 
Taxonomy recognizes a categoric level below that 
of the soil family, the soil series., The dlfferentiae 
used for series are mostly the same as those used 
for the classes inother categories to which the 
series belongs, but the range permitted is less 
than Ispermitted inthe family or some other 
higher category. However, taken collectively, the 
number or possible distinctions Istoo large to be 
comprehended readily and to be Incorporated 
inakey. 

Inaddition, Soil Tax*onomy has the flexibility 
!utrustomto Indicate so:ilcharacteristics thatere not

,+'- +- ?:*+?W,+ ,' 4 

contidered incmx definitions but are Important 2 

l 



for a specific land use. The phases provide for a 
utilitarian classification that can be superimposed 
on the taxonomy at any categoric level to permit
mor.preciselncerpretid jiij jiredctraons. 
Thus, one may recognize an "acid surface soil 
phase" orthe clayey, kaolinitic, isohyperthermic 
family of Tropeptic 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 
information 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 ofSoil Taxonomy that can be 
universally applied ina uniform and consistent 
manner is the soil family. It is for this pragmatic 
reason that the soil (Amily Isused in tie Project. 

,ll 

-Coonslnt at all tit" inall tiw wil NaIlleMolurv that "nI(.wMit frVi P)fl daes ItehAl.
lAnd elearing on I~ PAl ut InInd~mets ftop
twtparlng walvtiir u6 mTh'qptpk Nitow In
Draill (nmlddlek and 1itendsX cis l1fs-drk l~un~~ 
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;THE STATISTICAL APPROACH: 

Testing the Transfer Hypothesis 

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 acommon 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 so.s of a given family respond alike to similar management inputs 
adjusted for soil nitrogen and phosphorus. 

Inevery soil family there are certain limiting 
fators aff ting gom crop yields. Tlese factors 
were conflrmcd by Project experimentation to be 
the same within the Sme family and different 
between soil families (Progress Rport 1). An 
examnple is shown in Fig. 7 by the relationship of 
main grain yield for the three soil families with 
ah respective soil family environment The 
g taoland %wmenvironments are related to the 
.o.herm Icand Isohyperthermic temperature 

regimes. respectively, while the wevt and dry 
environments refer to the udic and ustickhoon 
moisture regims. respectively. Thewe relative 
yields from each soil f'amily were expected 
Own out kno* ledge of the nomenclature In 

Sol Taxonsm). hmaemern practices depend
woth limitirg f'actors and can theefore he* 
pjredicted fot secifkicls,1 

SIMc tilnliffe response 611land quality that 
ca e Meiisued.quantitatively. he Project i's 

testing soil family response to phosphorus (P)and 
nitrogen (N)Inthe transfer cxperiments ineach 
soil family,

Afeature of he treament design being used in 
the transfcr experiments (the 5 partial factorial 
mWiflcation of Escobar) Isthe distribtion ofthe 
nitrogen and phosphorus leiels oer the factor 
space, Treatmera combinaton%, therefore, are 
expressed as crled levelIs o Nand PInotorer to 

"b ron fp fhMopidvre
of ptnhr opppod v o f
 

th* W1 on otmnf~ of d* slt*.O
 

maintain the desiret!pattern of trestments. The 
actual amounts of Napplied are wr similar 
throuighout all three moil family ntworks. but the 
amounto(PlMied vatil.do nlng on she P 
fAing capaityof the moil an a Mnp i 29 

http:vatil.do


Appendix 1), The results confirm the indings of' 
earlier transfer experiments, as reported in 

Prqrcss,.Repoq 1.pages 29- 9,-

Thixotropic, ,sothermic Family 
of Hydrlc Dystrandepts 
InHawaii, response to both Nand P wa 

A generally obtained at most sites. Although theseA 	 sites were former sugarcane fields and received P 
fertilizer in the put, the capacity of the soil to 
fix Pishigh so that additional amounts of'P
produced incrcsd yields. Sites in Indonesia 

S generally cxhlbited a response to N with asmall 
response to P. ifany. The low level of response to 
P is due to past management ofthe sites when 

c they evre wed for vgetable culture and ecivd
additions of mmnure. Soil Plevl are generally at 
or abov the adequate lev. Amarked response to 
both N ad Pwa $enerally observe at most site% 
inthe Philippines. Thee soils did norrmcive 
much Ierliz r in thepasso that boh N and P 
are needed for 8ood crop lrowth. Thble 2.

SAppendix 	 1.summ&rim (he yield data in 
1978-1979 (orthe Hydric Dystrandept network. 

Examples ofthe yield response surfares 
predicted from the transifer eqlution tvported
in 1978 AM Shown fix HAwaii (KUK,). the 

0 2000 4000 OMo OMo Philippines (PUC-K), and Indonesia (LPH.8) 
Maie graIn yield (lkog/) M. S. iF/.8,W also 11). TIVgeral similarity

ofthe response surfame for thewe three Hydrie
Dystrandept sites isquite apparent, especially fiv 

FIX. I. mnvlwimwnt on mai,. grain the sites InH11awi An Indonesia. 1h site in the31'ct ,,ar 

_it6wiO thrv. mdllim 	 Philippines exhibits kme diffeics, primaily

In theepooN at i.wP rl. dpqm
36-39 for the statisical &Aysiiof thee s ies.) 
Thus,Nand Pmft be ktdrimone

of the site. Tible 6 how the retments wed in Hydric Dysanide site to another, with pre
the transfer expuriment -Tible 7Sime the acttal adjustment for "tI levelsofN aNd P.
-l ofreatmnsin eahcountryon mh IIalsapprent trhutthe yeld lvlnn 

soil family. Hawaii isconikkaiNyhigher than thm in cithet 
Indonesia at the Philippines. ON sible ..... 

lbr the yiulddiffivmvc may be thedifreResults of the Traonsfer 	 insolar uIMOi fftieinthaai AM the 

Experiments PhilIippines. (orcample, rwvehigheramounts 
Atotal o(40 transfer epetimenim. MWerd doAl Anothe rpsibleOnd ApMenix 2ko weat 
on the Hydric Dystraadept netsrk. 26 on the moaon "mybe the diffirn inmaimua nd 
Iropelwic Fursitox nerwwk. and 12 on the minimum tempffout".11ashe sitss I4aximoe

30O Typi PeudulrnswktIn 1918-1979(l0s 1,l and minimum irmpwawmwhihwsarht, 

http:tempffout".11


Phitippiw sites, lowest at th . mndonesi Sidftd 
and intenncdiatc at the Hawaii site%. Alhmoughl T e5 oe auso ramnsue ntase xeiet 
the high maximun temperaure in thel T

____rae ________N____ 

lohpdia greatercarllcss'- 1)h.rate F 

production. thehijgh minimum temperature C MOB 0.8probably caused greattr use ofcarbohydrate in D + 4 L 0I 
rspiration, which resulted in lower net amounts e .04 -04 
of carbhydratc teinj produced. On the other F 0 -0,40 

andJ, in Indonesia. tmlnperaurrs were apparently +0.40 440 
ol fir high production of ,arudrac H , 

Temeurs in H aii parently better K 0weire F 

suited for hijgh carbohydrate produc t lon during L +0-8F 
tedAy and relativly low use of arbohydrate in M 0 
rspirAtIon At night. 0 P , 

Cayey, koolinitic, .F 

sohyperthermic Family of ad 0F 

Tropeptic Eutrustox 7 

1wmwasAk dreposeto Pand rclavly 11 *lommWei v tw MW"WWWto fi 
smal Irco.e%, exporinss,einto N insmi 
Drull. Rtsults insom other eiprimens OWWW O Vma + 
notMas rikinjg. The reaus for this am no 
known at preent. Yeld kI, were amprabk 
to those of(Pumot Rk-o. Thre wa grmily is 
repoW to N inalall ereri s in Pumo 

L 
-.Rito. Ahilc the rosponse to P varied with the 

nj'triment but was genrully maill. Yields vir 1 7. A wI 
$irnfidnly I w. inPueo Rko tha inHaaii. +++hIS l h 
Aihou!!h Vic lofllO it 9000 kol were 
Ataind in %m expe imeits &oi H <, +pas found 
toi he lwr than oprimun in somie nirapiments a IFC Ip, 
Wathat mnay luait pmmned maximumn yields SON hmff* 6001 0 1 ImB 1111h 

from beingikhiovd. In Hii, a Vim k iiil ko +tvw F- Fi+j 

*-As (wiednfoothN mrd Piln(hetwo Ab 30 
expeimf" t am ted Iodate. Yield leis #A to 3 
,Af high-llKJo to 10000 k a.. A 

oft.i"ofibW~i #*fi- *1va 
radanat theuros iethanAtthe 190FFFF.0F,~ 

- rtwdk ihtes, esfeallydwinp thedry To ihm 
so. itItno singto findhiphetyields, o* A 3, A 1 

T1., Apnd ix 1.pn*Wita7su'ma oy( - #. 100 

ampe ofihe yield response to N and AF2FFM 

#1 Ito-I 

Pi, Amalks difi . in if*hyikidmptse 'V FNF~FF 

fun" fto P4'Mfin tefgum. withrh ad *A 10F~F 

Rico thenlws wkv shle Haaii *a~f~ 
WamWdiar.Thm dlliaws w dwhqImpyto 
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diflerences inthe history of these sites, In thie uip to 7000 kg/ha were achieved (Fig, 10).
 
Blrazil site, native vegetation had recently been Y'ields of maize grown inNAK-A without
 
cleared so levels of N and Pvaried depending on application of P,and with reapplication of N
 

-- the nature of thu -verion'.App trntlyNlevels ----nd K were 1000 to'2000 kg/ha lower than*-. -. 

were high, but Plevels were low, therefore, a 
very marked response to P,but arelatively small 
response to N, isshown. Both the Hawaii and 
Puerto Rico sites were previously cropped. and so 
both reeived fertilizer applications inthe past: 
the Hawaii site was aformer pineapple field, and 
the Puerto Rko site ispart of an experiment 
station. The larger response to P in the Hawaii 
site may be due to the greater fixation capacity of 
the voil, thus allowing additional Pto increase 
yields. Bolth sites exhibited fairly good responses 
to N sin,e they were cropped inthe past and soil 
N levls were relatively low. 

Clayey, koollnitic,
soh,,perherlc Family'ifhypr ,,eri Foilys 

the first crops and there was still aresponse to P. 
Although the M~ixing capacity of the soil did not 
appear excessively high, the residual eflicts of P 
seem to be small with the relatively low amount 
of Papplied. These sites were cleared from 
natural vegetation, and the fertility levels were 
low, Yields from the BPI site inDavao, the 
Philippines, indicated some response to Pand N 
(Fig. 10), but the responses were not as large as 
InSumatra. This site had been cultivated inthe 
past, so residual Pwas present. The difTerence in 
the Presponse at the two sites may be explained 
largely by the .m .diifOedlTruog soil. Pvalues of 
2ppm for NAK;A and 19 ppm for BPI-D, 
which, respectively, are very low and moderately 
high figures. 

Yield levels at Davao were not as high as thmat Nakau possibly because of the higher solar 
of ::tTypic Poleudrultsauiation and temperature at the Nakau site than 

Thec firt yields from the Nakau and BIPMD at the Davao site, Asummary ofyields in the 
sites In Sumatra, Indonesia, indicated marked Typic Paludulh network isshown in Table 4. 
re!pinse to bith N and P.At NAKA, yields of Appendix 1. 

T1v trmntrer of techhow dons no, always mean Iiurmucekmn of heavy oquipnwnt 
Inshe Philippines 4iersi with heavty *Ian$ Wang growth, a 
water thsi pvrfrms mowsl eftr letilyiIn In wla (rilthiL, ew r mollrs 
icon he Okmcin #Ancv (annInX mwiwots at* Wxho4nirsv. 
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Development of the Quadratic poly'nomnial response surface modelsodelwereTranfer estimated (or each of the five sires and areTranferodelillustrated inFig. IIA.Acommon response 
------- f cannoThe basic formulation of the transfer hypothesis c~d~ t asiesasthIndvda utcsaeovosydfeet oand anumerical example of the methodology is it was necessary to introduce the site variablesgiven inthe Benchmark Soils News (Vol, 2,No. into the response equarion to account for the1. 197 8)and inProgress Report 1(1978), 1aiblt mn nIvdah iersosAs described inthese early reports, atransfer sraeest variablit damaongfiveviuaressthe site 

model was developed to show the relationship sar eTe sinie actaabl te(Soe Appeni2 fivr 
between the reponse data and the design acmpleei Teabhe da. throughni2outh
variables for each Fire. St Fig. 5 for the schematic cmlt eto aatruhu h 
drawing of the approach taken by the Benchmark Projc newr. 

Soil Prjec. Sol approach isto predict the yields, denotedlvel ofthe itrgenandOur
ofctnirose andtSoilrs roje dleesig as P(i) for one ofh experimental sites, using a 

constant across the experimental sites within a tase ucinetmtdfo h te A-1 
soil faimily, however, due to natural and earlier sites. This isthen rep~eated for predicting the 
management variabilities. These and other yields for each of the 4sites based on atransfer 

varible.wathrinludngfator suc asfunction estimated from the other (k - 1)sites, 
temperature and solar rAdiation, cannot be Tetaii eiulY (jcnb
controlled at aconstant level, but they can be compared with the onlimwy residuals, Vi- j,mesrdatec.it.n hol eanitga calculated by Actting atresponse function 
mpar e ath igndThouaniteg l individually to each ofthe4 sites.eaheietde 

partof he xpermenalTustheA sum of squares criterion isused to competeesig.

individual sitc response-input relationship can be 
 the magnitude of the transfer residuals,afrected by the specific biot icenvironment of the Y h1-iwt riaywti iersdassite, and only by including the uncontrolled site Yi ipatclrthe rayti iterooesualsvariables Inthe transfer model can the rcsponwe to of squared transfer residuals to the pooled sum orthe controlled variables he clearly focused (Wbod squared ordinary residuals iscalculated. Thisand Cady, 1979). ratio, called the transfer hypothesis test statistic 

"The individual site 
___ 

responstmnpur relationshipAA 
___ and denoted as,AIs expressed as 

canlbe affected bythe specificblotic #aX Ihw j/X P4
environment of the site."I~ 

The Pstatistic using only the controlled PCODB 
(applied P)and NCUDI! (applied N)inaInthis second analyis. then, additional itea quadratic polynomial as the tranir function andvariable information on solar radiation, modified predicting rot an omitted site from the remaining

Trwog soil phosphorus, land soil nitrogen was four sites ha asignificance level less chan 0.01,incorporwated into the formulat4hns of the tranifer The transfer hypotheis 1*d to be rejectedi, which
model: inaddition, the lime variable,%w substantiates the need for Iitoducing itiarrplaccd with an applied nitrogen variable, variable inrormattion into the tranifer function,

Por the secondi analysis, eight wertseason malte. Pour important interactiont between itetranifereperiments on thle Hydric Dystrandepts variables an dheoetrolled dmstjn vaiables %ere were avallable for testing thea transfer htypothils, identified.i 
Three ites weft eliminated from furthter Analysis applied PXCsil P

JuV 4)h1Jgh COefie(vaC136non~ONHIhf fe1 pplied PX ilUNN

phiosphorul reponse. The $ies AnAlynimnlde Applied N i( oil IN
 
rtw in th*'Philippines (PUC.K and OitJ&N) tw applied NX~ minimum~temperaureN 

inHawaii (KUICC and KUK-1)). And oaw in Alter thse ftout intewtiono Aere fISdm with36 WoICSIAMP- oihe1l4l4W~nk 'ales (quadratic piolyroomial) 
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T~Ii8.daa~~tevarabl ystandpt itutransfer function that includes interactionsor iveNydlo
Tabe8.St varibedao r Iva+ season 19R19 five Hyri betidtstetween the site variables and the linear tet11hcrs 

.
 
£o34..nauv0f-xMI'idt r-

y-#.IId e arr ere "i t rodlation TriogIP Extr, N 
SiteMaxIMin._'(9 

<030, 482 23.0 421 10 7 

KUC 7717 27,07 18,83 430 40 46 
KUK-D 7188 25,84 17.90 405 2 29 
LPI'.E 331 2402 10,78 318 23 119 

Ssfrom 
wm.I Oe low 

and a separate intercept for each site, the P 
statistic was calculated from the sum ofsquares 
inTable 9, 

The prediction statistic, P. which is the 
ratio of the transfer residual sum ofsjuares 
to the ordinary residual sum of quar, is 
13 1,698.8(K!/8,(X)6,64 w 1.49. Thus. there 
isa1i9 perent increse inunexplained variability 
when preicting one site from the remaining flour 

Sthe uncontrolled vorblestoken into
Wth conto rl olle o resoknw to the 

ocont Yor cote crop repedi o the
. 
conlTolled voilobles cofl be lp<d!ed, 


sites. TI attain the sinifictanc Iel ofCAulaMthe 
1P. eltqed Aditributional theory of the Pwe dv 

Utititill andAscIicomputer programs. ' 
p4'bility tof P value of 1,49 orobering 
lUrger orm thAn(Vm (1.19. A pirtobbilityAIsWVi 
vlufof thish mnitude it Vvideknce th~ the 
respome surlAe (o Applied nitngen jad 
phplhorus cani v trAnsferre witi an e timaned 

T". stevube Wooil d* for f0" NY"d Dys"isospt Simso 

of the controlled variables,
 
:Tict~ltdsponsc art fice ~owing tne
 
Titrnfr reitn m. ' e c s,~so I on


transferldrediction , for cact Fe Ipedmn
 
the other four sites are shown in Fig.I1I B. There 
isa similarity of the rsponses in A with those 
in B, Since the transfer hylx)thesis was not 
rejected, it is ofinterest to compare the f,. the 
predictions based on a rtesponse surface tirttc 

data at cact of the Ave sites (A). with 
the Pf _i). the predictions bmsed on response 
surfaces fitted from the other four sites ,i 
The difference between the two resposu surfaces 
for each site isapproximated by calculating the 
absolute diflirence between Pi and V'_ j.at (1) 
the 13 treatment-deign points1 (2)8 1points 
formcd by a 9. X.9 eclually spaced grid system 
as shown inFig. 11, and (3)the central 49 
points from the 8I grid Iints in(2). The mean 
abmlute difference for the rive sites isgiven in 
Table 10. Averaged over the five sites. the mean 
differences-365, 314. and 2 8 kg/ha--are so 
small that a preference for either the site-specific 
predictions, 91. or the trasfer predictions, P,-1).
could not be made for most practical purioses.
'Irie relativcly small differences again indicate 
that the transfr of applied phosphorus and 

nitrogen techmnology isfeAsible. 

Tentative

Tetac
Conclusions 
Thw basic hypomsis of the Proiva isthat soils 
of the sme familhes m defined inSoil Taxonomy 
hav. Asimilar resplone to similar manAgement . 

+
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Table 10. Mean absolute difference (lcglha) between ordinary IYj) 
and transfer (9(.1)) residuals at flve Ilydric Dystrandept 

sites~-olsrvcd 

13 tieatment 49 central 
design points 81 grid points grid onts 

Site$ (1) 12 13) 
P! CK 374 326 248. 
SBVRB 492 413 338 
KUI-C 307 263 283 
KUKO 342 306 207 

OKE 2 .308 

Avwavg36 314 25A 


'. , yid poetah e riwt, I. 14, P,, 

practices. It is tile prime purposc or die transfer 
exivriments ,) generate the necessry data ti 
scientiically test this assumption: the experience 
to date clearly indicates the general validity of 
the hyplothsis. 

___raction 

irhere ore erol trends predktoble ocross oll.. 

sites of eoch soil family nerwok. 


No rmatter Ihw similar the soils are, yields 
tained at different sitts will alwas)vary 

bvecauw ofdiffientm in wrAtlr ctndithIMon 
diw. in-set, and prvitou mnA Ivnt 
prjatik. Ne%rflvIn, hterearegcnerA tremit 
1 i(tltAble CrIMs all sits of ealsh soil family 
network. With the m vnpcimtrolk'd variabls t 
intso ik.mnt fairlytauralt crop responses to the 
(nMIrOlIl variale bcan Ie preicted 

It it nor-wonhy that, alhu4gh site 
diernt sdos lst. 4,nie it,splctimso t triiser 

experimentls reveal tha~t similaities are morv 
striking than are dis~imilaritivs, Visually 

as mell as nm ivsrd growth .atl yield 
respo nse to t r ne ci genei rallymnts I'i as 
retmarkably similar aimong sires. Whcre 
diltfren~cs do ocur, the causes arv hwal variables. 
such as weatlwr and previous site mana1gement, 
Natural variations of certain characteritis--hr 
example. base saturi~o-ewen though within 
the family eange, may alo cause diilferntial t'rop 
resIse amng sites. \V+ather. as well as other 
unconIrolkl viariable, always inlluemes crop
fpoins to treatments. Thv.v uncontrolled 

aeI ,iables,therc'ore. have been o tlutthir deects on crop yielIds can lv taken into 

iactlunt in the !manl alysis ofdata over all Iit". 

It must Also)he realiled thut til soil family sill 
all)wi for variations in demntdind undefineI! #Ail1 

i'n)Perti . !n a Iaye) flamily ofEutrustox, tor 
example, tile Ias sturation in the sulmil may 
range from S1 to I(M) percent. clay content may 
Iv fromn 35 to 1(K) penent, and surlac s il 

may Iv moderately atid t, ncutrd, In 
practice, plhuss of'il fa milies ar tlveretfir usedl 
to narrow tie range ofsoul prorti in'tmpoltant 
to Asipecific purplse or land uw, It lWim that 
pluss o sd familict allm miwe prmIiw 
predictions oft-crop performunt Own soid 
faImiIy taxa aloti. 

IThus. it is evident Ilha the rolusovn 4IIlsh 
ofeith sil family tWork and tlirpod4I;on 
potential are quite slmiar. TIe resenses to 
trVAMen variAbdk Ias4.a similar trend hilinr 
siggets d At All mnvinvrs tsf il I mily indd, 
lVe Atommon *ptus no mgement 
prl, kO that is tharter iti o thatn fmilyiitan 
duie rom ohers. Vunlhr exlerintwnatio 
a1d s1e final 00ta4i4i nal'ti. :hecf4).n, are 
exp ted to torntraI thI t p'sis.tiw iP*rhllhy 
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VAPETY TIALS: 

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. Jn the transfer experiments in 
all three soil families, a variety of maize that iswvell adapted to its locale and 
agroenvironment is grown initially to minimize an),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 isnot presently available for the Hydric Dystrandept.
network, but a single variety (Pioneer 'X304C) is performing well through
out the Tropeptic Eutrustox network. 

Asummary of varieties planted inthe transfer variety H-6 10'. Pioneer varieties *X30IC',
expriments inall threesoil families indicates the *4$116', '4817'. and'58O'pouce y'ieldi of~00rded 


nood to simultaneously plant Koth avariety 6tons/ha during~ the lcsi-than-optimum seao.
experiment and atransrer experiment to identify Another variety experiment was conducted
Alikely *hest variety- for a ilven netwovrk. Pig, during the dry seaon, and the Hawaii varieties
12 shows thei range of maize variety yields on the '1H688' and '116 10, performed as well as Pioneer
l1)'dric 1)ytrandept network. Table I I varieties 'X*14C '48 16', andi AM I7T with yields .............. .............summarit-cs the 1bstr varieties" to date Inech dyof~11,l~wa ~
ors to 8,5 tons. it isinteresting to note that 
country ineachwsil family. 'lablei 5.6.and 7, Pioneer 'X304C has also perormed well on the

Appendin 1.present asummary ofyields in Tropeptic Cutrititox sites inHawaii and In

variety experiments in the Hrydric Dysrrandept, Puerto~Rico.
 
Trtolppr lbutustox. and Typic Paleudult soil lIleowt.i One %
ariety experiment with PX
family nsworks. lime variables and two w-Ith PXNvarlables were 

installed Inthe dry and wevt seasons, respectively.
Indonesia varieties'116','Bastar Runinst', and* 

Thxtrpc 'HarApan'gIAve the hljghet yields ofabout 
6tons/hi, and about 4tons/hat inthe dry and %vtisothermic Family of semms, respct vely. 1-1610' from Hawaii and 

Hydric Dystrondepts cie Ilil4'ppne wrictII RComp. l'and 
liae~~~~~~~eeM~~ICNUCA Mir, I' produce less Xrain, but they stillOevreyeerenwi.P 

vAriAblet %,as o~eiuctc4 inHaai during~ the wet P//I~m.One variety experiment with P X
WAIMson SOverAl Pionm hybrids %minclded In tvN%veriabksftW iawiu conducto at theK 

k:42 ilk trWa and XrweAlly wuylelded the H~iiiAllUi$1K.(fpiayst ~o WJJW 



varicties 'Ff610' and 'H78' gavec the highest

yields . dill
which were no crnt from those of
 
UPCA Var. I'(Philippine variety) orBima' and
 
l-6'(Indonesia varities), 'OPCA VWr, as .'. I'HG0I
 

used in transfer experim ents in the -.....................------

Philippines in the Hydric Dystrandept family.
 

Clayey, koolinitic,
 
Isohyperthermic Family of IH'
 

Tropeptic Eutrustox 'Pioneer
 

Vriety trials conduted on the claye) X304C
 
Laolinitic, isohypertherrilc !ropticEutrustox
 
demonstraved that anumber of maize varieties
 
are suitable for this family of soils on the sites
 
teste.d One variety, Pion-r 'X304C'. has been 'm
 
consistently high yielding in both Hawaii and
 
Puerto Rico, This hybrid has been observed to
 

have ascarcity of brace ro)ts. which suggests that
 
iimAY be susceptible to lodging, but no such * wonosow
 

problem has occurred during the several seasons it
 
has been used in variety trials and transfer
 
experients. Comp.5
 

Other hybrids have also produced quite well in Comp. 5'
 
Brui lndanti Puerto Rico. 'IAC Phoenix I 110' wAs
 
initially used in Brazil tests. Tiis was filowed by
 
another hybrid, 'Cargill It11' which aim yielded
 
well in variety trails tlala, In Puerto Rico the
 
first transfer exipriments were planted to Pioneer
 
X300. But in 1978 all transfer experiments at
 

All 1iUtrsOX Site%, including Hawaii, were
 
planted to the hybrid, Pioneer'X30.C'.
 

Pmtier ry. [i.) x phosphorus.malze .Aricty .. • W
 
level evxtrimnnt%were completed at Isabela
 
during 1978, one in the wet season and one in the
 
subsequent dry samon Varietal dilerencetwere U...
 
lArge in both exlietments: in neither cawe, Va . 1u
 
however. was there ai tfurher mepnse to the
 
higher level o+appled P,,And there wats ni variety
 
Xt	porphorus-treatment intcraction.
 

Another variety trial planted in 1978 and
 
omapleteil In1979 wis cstablished Initsplit

split-plot design with two phosphorus tevehl ti 0 20 00G W
 
nitrogen lock, and eight maloe varicties. Maize grain yield (g/ha)
 
Although these dAta have not been anAlyied 1*1,Pnrismiiarqei ntf im
UAtlsticall), ItSppCears that the hybridPioneer Ptri I 	 mfe.hrwcovet*I"dw nalyw shmarditp~idii

'X3(4C ootinued to rank high bu a r omh virdkly srs ,tklnesoeSm+, :55,
++++-!
i~~i :+,:++ 	 KpaiInithe S 

Phtnmaa'anoda -	 40> 	urplssed inyild byaoher Pimmc hybrid, S. , ++ aiiii+ ,sj +i 



Table 11. BEkt adopted malts varioties for each trial ofthgls precedilng wvt sson ni uhe saine site 
-foil family atIr.lb One vrietytrial scnducie 

Country Cuhtivar 7 , HtviOn uittrawscodte 
Nynr thrweetHaaiTrppi Euwrustox *ite. Pionccr 

iti n" UPCA Var, i i ii, Ot iee 
.rr pticr .trustox Il yields o5.9 to 6.5 tom/ha. All varieties 

Hawaii IUSA) Piow X304C wr ponsive to N and P,
Nw Ricka JSA) PionxerX304C 

81MPkuuw X304C 
. tsTwit P. Ieu ClyoTyollldc,y, 

HOisohyperthermic Family 
++: ~ ~m .'58W%' ThiS WOm a%%-t.w expeiment, and of Typic .Poleudluits.
 

moltst 'virict) yields were rclatiVely 10W. i1dersid. *nefirst N X Pvariety expe!riment
Iurji, lra ldata havs not I-vn statltically wasconductd at the NAkAu site durlngllw wet 

1na41yeti; howmi'r. it mld appear that PiOMr scasn. 1979. Varieti sK ok'and '*Metro' 
h:lybridw 'X30 WZand X30611'and 'IAC Phoenix gaveutw highet yields o5.9 and5.4 con/ha.
I I0' yidd bst during tw wet sAmn, indtlvively. VAriety 1 16' Ave the ho st 
(argill I I I' ranked higheIt by Anarrow n argin yields of4.5 tons/ha.

during ditdry swasm. Phiippij#. The first N x Pvariety expefr mett 
111 setIrnd INTSO0 intcrnational suoybAn at thedl)A-)ss itewas onducted during tlwdr

vArict), trial plAnted inllrmil was co pleted sison. 1979. Philippine vAriety'DMKIC Inp.V 
duri. 1978. Grain yields rangedInm 17314 kg/ and Incloneian %wictW'!16'gave the highest
Ilwthsh vAriety 'llito to 3367 kg/ha for die yields of5.3and 5. 1tont/ha. mepect ivly.
vArity 'K).n'l. ims" 'and oIumbU% )ildjed Other Philippine %arietieshad yields o(3.8 
"88IAnl 21.40 kg/hA. jut low, ht not and 4.6 tons
 

%ig.ifiAntll)ls ,tun., DAvis. It isof intmt that 
 There dos not appear to Iagm lly &pstI'd
'iragg'and 'Ikmirr'are vrieties tht rankd m vAriety for the T)ypk Paleodulls frm thew first 
in thit drys.wAon lperinent Ius rank n the w i tests. he one may ivfmml in 
tq-" Artity 'I)avis' In the IN ... the future..uloig wiith ' 
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____________________ 

MANAGEMENT EXPEWMENTS . 

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. Tbe objectives of management experiments are (1) to provide

information to local government agencies on ways to increms production by

improved availability and utilization of resources and (2)to provide basic
 
Information for governments to provide to local farmers with limited ro
 
sources to improve crop yields at different levels ofmanagement. T7hese 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 at soil; the proper amounts of phosphorus to be applied at various band
 
widths;,the effects oforganic manure, spacing ofcorn plants, residual effects
 

4........................................................................................-.........~i iIIY!!!i~ii ~i :! )i oili i~i iiz' !!iII!E !)!!i! 9 ! ~~i!!l
,,i~ i~ i!i!!~i ;EI* !!i!, i i~iii~ I~i~i i~ii!;Y
of phosphorus, and frequency of irrigation; and other Important manage
 
ment practices.


i! ' [ ' : b' l; i1: ) - I : '-Ii I " :, ' <. 1 , 1 1. I, : ! 
+'iiii~ ,: :'I il :! i i i ; 1 i i ~ ,7 i i ] 7 , I i ':f 

Atoralo(32 maniapvmet nleimentswre Dhnhmaak Soils Projct ifes with socceislw
 
twieodt on the three "oI familk-t, prinwily at plantings ofmalaor other cfors Inthe sam
 
the mequw 0oqwmlng Cotintries 0( plot without further ackdition ofP.Data for three
 

the~rject.Crops planted overa&3.yctrperiodl haie bee
 
obtaned InHawaii, Indonesia, and the


Reidual Effects of Philipines and IndiAke continuel respons to P
 
h mf"r~ne.IM1iotao,Phosphorus pnI hecad
 

%jiani ah milt %Khi a th H. r planted Inrmlual Peuprlmnns InIndonesi,
 
Dymsmlikpthvw the capecty to fix relativly

la rAunts ofPAevififtuw (~ mu on--pho sben sssdi
so aVW w 
#MpY lapg VW*~g amounts of Pfrdllat to SO fI O sa di 

fha@%sWeml ~aWinofPMwtIaY "SasY the matiakm itpely ofdi soI W~~t ft oVemoaize ooierops Inthe sme ploiswkhoaill havsme availabi Pnwmaning lor the Whrdfwf
#ep, Ibb Can increwhe fi~%w f(Wwlm cts
 
WbsanWIY. HmsWVW monstoaplbtion 0f
 
P Iwfiw i e* s oWAInd rAonly in Wnalllindicdrww Psupplied a" eds
 

(holoppuntd o"iaIdyaief Pa4kihatu. OWd Inocreased h
 
bu An td lt. As~nglPa~kvibuhn w~In
anMO prrsistenOf P

killmh rift u Wlo""d1WOlorthePWphoirmwnsso~fl~neW~lv....45 



crown groWor aIityd of almost 18 months at realized for all crops,except ieanuts which 
t LPIlSssecondary site inIndonesia (Fig. 13). appeared to be advvrsely afler-v'd by increasing 
N'ields are expressed asa percent of tle yields of amounts of residual P.N and K were rcapplicd as 
the middle treatment (coded zero P, ero lime needed, The amount of Pinitially applied was 

___ _ves) anid plotte~d4gainstcae P-- RJelplmw P -- 50 Lkg/ha for fice-,85 P.and $15 I4gdh (or tht
- varied markedly with the crop grown, but yields +.85 P treatments, 

of all :crol-. except ianuts. increased over that of Yields oftc middle treatment (coded zero P. 
the control (zero 1P) with applied or residual P. zero lime) for these crops, inordikr of planting.
Yields of the controls varied rorm 37 percent for w-re 3821 kg/ha for maize; 17,173 kg/ha (or 

'
head vAbblge to 89 percent for maize, Ields of potatoes; 19.300)kg/ha for head cabbage, WW1O() 
peanuts in the control treatment were 116 percent kg/l for peanuts:; and 6385 kg/ha for the second 
of yildsoft1 middle treutment. Incrmsed crop of maize. The nrirly twofold difference in 
yields from fertilizer applied to t1lfirt crop were maize yields was largely because (l)the tirtcrop 
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ifreaiw,m~t (rwo oNinmvt with limited ciapiol. the mkltWa effects ofpltophorus fertileer sMplcsti
imwuhwqiwnt Gvnol isWeng sudied by the BISP On IlyIlrk IDysiradeisa ITKA, Indomia. hvith maliv and 
pttatiio stsenov high )kivs Inmkesial phosphotrus experinwrs. 

IWgrW11 61C eason while the sciond~tif. ItC t 

crop wA%grimn in th,,dry season and (2)an 

improved vAriy ofmalw was gtrown in the 

semcnd trop, The -. H8Pratvirpeared ito be 

adeqluAtv for the first 1cu,
11of maile While higthcr 

rot rvsulted inVicki depressiions. When the 

second CrOp Of 1TWC wa4 planted ovr ai
year later. 
natiV Mill 1 in1he cntrol plot hAl deCeAsd. 

* 	 usltinji inltwet yields ($9 percent %s16$ 
PtO f I1tAl lk t O .W psMlit 

rot ivvI, 1161t*with hipher ritto fe re 


4imtiffr (ite1h,4 With the -. 8$5 P Wae. Whkth
 
ild kiAte thalt the reidual1 P1leVls Wer On t110 

Vickd resonsel plateau. Therft(4v application (of 

04 kg P/hit wa more than adequate for shle linst 

.4. .I 	 ,44maine Crop And res,444idual P)from it was adequtet 4, 41" 
6wd orshe illeacrp 

(Aintinw-d avilabitility of P1fertilim r w~SrAI 
)Vill Afeapliaso iMplits Chat tlW rost of he 
tCttililrC40aIbmOidt sVera Ar*%W on t~ 44444A,...144 4-4g4 .444,-' 4 

thin,, PtknIUiecon IVconiidwesaCapitol 

invetment. An earlier itudy inHawaii reveale 
that respos to Papplication could be 4oined 
ina leotume-jgrass pasture (or 9 ym after 
aPpikatlion (Fox ci A.. 196$). Smaller amounts of 
P1rertilizer persit ir shorter times, but f'armners 
may smill realize responses to Proil sevral crops1 
thus retdudng their yealy Pfertilizer cots. 

Nutrient Requirements of
Maize and Soybeans 
An experiment win esi1sned to decterm ine ihe 
oplflum N,PK and KapplICAtion raes for MAize 
by lnitalling an NPK nxperimnit At ITKA. 
Indonesia. Nitrojgc ratrs rAn~tvl4a from (Ito 160444, 4 
kgll/ha pxiphoru rao ranedOwn 0t) 120 
kgiAi.owl potassium rtst ninjted from 1)to 100 
kgthi, lIlgtlkv y~eldt tf 44Avmon1th 120 k$pi 
1P.40 kg N.and 1ON) UpK/ha hurowe ihee *As 

4 	 1 ' 

a ickdti (fiffftKvltvn 
4 

ntlo nt 
44 	

'1 )4 
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kg K/ha. Resixonse to Nat this site was qu:ite 1\vo experiments were installed to determine
erratic and was not shown to te significantly the P,K,and time rcqclircmcnts of soybean
difl~crcnt. Addition orsthe "blanket" fertilizer varicty 'Orba on the Hydric Dystrandept sites intreatment only, which consisted of 100 ppm Mg, Indonesia, Adequate amounts of nutrients

i~pmZn. and 2ppm 13 kgPh 8kg K/ha-i '; ----
significantly over thecontrol treatment. which to 6.5 tons limc/hia, depending on the site. At
receivmd no fertilizer. the ITKA site, (Fig., 14). the minus Mig 

Hydric Dystrandepts
lndlonesla/ITKA.N/ Wet 78 

f Ume 

Reepn 
2500 1+ T +Tmq. 

c 500 

,4'~ 4 .. "- ~.-.. - .4 P O . ..... . :i"4 :
 
4 4 _ 

...04 400 4 44. ~ .~ 4 4~ 
...--j ~0 #... 
 -> 4444 444,4.. . .....-...tea 0 

; 
Mil111 IMI "A 1.6 141 111,6681 1114 1114s s01. M4a~IOill,1 11.4..4444)44 .L '4 4 - ,4 ~ .-r2':,.>4 4 4444'..4 P4 ,44..4 4..~Mthsiat' *.g~V~5J~ 41' IC@.0VIII 419 a 4 fit's 011 MI. 4141 .. Is .*10 00 0 +.0 ..... .50 s0 4 
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tretments reduced yields only sligjhtly from the
 
treatment with Mig, but leaving out Nto caused a1
 
yield decrease of about 400 kg/hia, Experiments of
 
this type indicate the kind and level of nutrients
 

PPlacement x Organic
*Manure on Maize 
This experiment was installed in 1977 and,
 
continued through 1978 at the primary site
 

~(ITKA) in Indonesia on the Hydric Dystrandept 
soil, There are four P1-placcment treatments: 
broadcast, 37.cm wide band, 25-cm band, and 
l2.5-cm band. The amount ofP applied is to 

rprovide 0.05 rpm P in solution to the fertilized 
~.are-A. There Isalso acontrol plot that receives only 

the *blanket* application offertilizer, consisting 
Sof Nig Zn, and B,and acomplete control plot 
4that receives no fertilizer at all, T7he organic

m~anure treatments are farmyard manure (PYMI) 
)~andi maize stover mulch. These treatments are 

applied infactorial combination, Four crops will 8000 
be planted)inthis experiment, and additional P 
will be added inthe handed Ptreatments so that 70 
the same total amount of Pwill have been added 
to all P1plots; by the time the fourth crop is
 
planted, Maize variety 'larapan' isbeing grown. A.6000
 

The broadcast Papplication Willh 30 tons/hA of
 
PYMI and mulch gave the highest yields (Pi!$500
 
15). Addition of both FYN[ andi mulch gave
 

,iconisistentlyhlghcr yields over all Ptreatmentsa
 
Sthan either mAnure or mulch alone, Results of .34000 

~ ths 5epermen lndicate that local rantners may 
realli yield increases at low cost by the addition 300 
(fmaizemoiver mulch or PYM, ond will also 

SIndicate whether t same yields can be obtained 
frmone large applicat ion (ifPR which requires 2000
 

ConslderableCcapitCAI (rthe Anrt crop. as from rour
 
*aial applications or P,which rquires less
 

I-------iowoCaia -ecrp 

I a 


LowPInputs Plevand plaCemenl
 
-,AMaximizing the Effect f 

sinltla jolsutei large amnts ofP twil *xr, 4mnulm V~laspans grain y%*ki on a I Iydrk lh:yrnmndq In 
ill limted 1"*"1&49~whic toexpntivv (r sallfiffi" 



capiraI, a Prate )x placement eperiment was 
installed inMarch 1978 at the PUC site inthe 
Philippines to determine the miost efficient: 
utilization of low rates ofP(ertilizer. Rate 
~neanwr;rangied from 10 to -20 kA I~ 

Placements included broadcast application with 
incorporation(lO percent of tillage layer a 
decreasing by steps to aband width o(9.8cmft*4 
ofthe tillage layer fertilizd), and floAllyadrill 
application inasmall hand to the side and below 
the seed row. Table 12 givs the c~omplete list 
oftreatments. 

Yield results for the first maine crop (Fill, 16)
indicate, a etai%,rv efect from restricted 
plaementsat high rae 48kgha orabmv ;a 
-hoacIwvr,at the low rates of 10 and 20 k-hecta 
yields 39and 32 pemt higher than the 
broadcast treatments. respectively, were obtained 
rmm the thand width placement. Ths. tvn 
(orthe first crop. placemernt increased the 

, efficitmyofthepl .andPertilier M14k the 
incaWeld Jo opacmnun thesetw 
ases was more than adequate to ptay for the P 
lertl Izerat ihm rues. Rust rrued plcement is 

d~ ~also cetd ti ncasethe m, WtAalfretof 
4 phasphorusNWdthe vzperlment will IVfPfled'' 

in1979 and 19110 toquant ify th' SAlc. Thes 
1 r . . 3'+ , : 1• .: initial multi show promise for devi~ng

S(erslizeraPPlkatkmn methAd that maximiff 
(rum small Paplkatiom onsoils 

POO with high Pfmrilim requ~imeIs, 
Akemurns 

Naenns t:ud, ..( wm npPuw aw apW lht hand 
P6W Ito4 ltit M i1. Sam Cit). hu 
+r"itn (nW: IN. . I a.4 , inecio wrim. ,6n+,+r calI 

~W AI Itof P3& 
Mdhtthr00"to bS wW* hwwe

**WWI Wsseai)'...... 4,......118 al 30 IF..0 In' 

3.4033,*§**"4"tW** 

3114 X0.0000 3 

I' I3 x '31,1111 xw 3,'0 
3 .>33 

94_________________ x 3' 

x 3' >~ 
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Maize Plant Density Twvnty-fivc concotriccirde plu [xmicrs -

At ,ailm, amni plant pulation experiment stvds ineach bill And later thuinned to on plant
wka onducttcd at the primary site during per hill, Spac etwee concentric circles was 

Aw49.4v s sisafolmup-- - -- diusdtivpn populations frorm
oA previtm plant population experiment approximately 6.60 to 70,(K) plants/ba from 
(Onductcd in 1977. but was laid out inthe the inside to the outside circles, rvseclvl. 
plant density Mwbelm design rather than ina Asummary of the rults of this experiment is 
. notion-il dviign. presented in Fig. 17. Grain yield per unit arra 

Th1 jit of the exlvriment 'as to was reduced by ov r threefold as populationTi 
v.altuag iavery wide range of mAie plant stand density derad from alxt 70,000 to 8.000 
d... iti% frwm hand.plAntcd low populations plants/ha. Inaddition, yield components such As 
.wnmon In %mall4iArmopcrtions in the tropics plant.number of curs per plant, grain weight p , 
to relatiVly high plAnt densities using Amodern and mean ear weight increased by up to nearly
h)brid mitv WelleLptd to the ar thrO,(Old As populAtim density wAs reduced., 

0.000 

oo- o o 0 0 w 

Maiz grain yid (kg/hel 
-~ "?ii 

V* Io f i #$mLw~dv,&* i mAvi Wtai 14W mwaTh~gp futruiwi "to 
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ACCEPTANCE OF DSP CONCEMT 

National and International Networks
 

International coordination and cooperation is vital to the effective tranifer 
ofagroproduction technology, and the Benchmark Soils Project isassisting in 
gathering soils data and incre ing information 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, including classifica
ion of soils according to Soil Taxonomy, training activities on soil classifica

tion and agrotechnology transfer, and advisory councils on effective land-use 
planning utilizing Benchmark Soils Project concepts. 

Unkagos 	 hostcounnry cooperating agencies: EPAMIG 
(Enrnd do Minaspa do PesquissAropecuklh 

Thepenchmark Soils Project iscooperative Gerais), Brazil. ONARST (Office Natia do Is 
research program between the College of Tmpical Recherche Scicntfique etl .chnklue), Camieroon 
Ariculture and Human Rmutces at th PCARR (Philippine Council for Agriculture W 
University of Hawall and the College of Resources Research), Philippines; SRI (Soil 
Agricultural Sciences at the University of Puerto Research Institute). Indonesia; UH (University0 
Rico, with on-site experiments Inthe cooperating 	 Hawaii), USA; and UPR (University of Puerto 
countries ofBrailr Indores, the Philippines, 	 Rico), Puerto Rico. Other lgenciesand 
ond soon Cameroon. Funding Isby contract institutrins that tre collaoaIng Incompstin 
with AID. research reults and requirments and thus ame 

supporting I)SP concepes and goals include 

"M ~wrentY~n4r~ br vm 
____ 

SP nd he MBRAPA (Emoprsa Braileirado Pesquisa
An aas sgnedbmnr I~fA ~Agropocukis); 	 IITA (Internationa Irnituteof

IMC for acolloborotv rmeorch prOJ@ on frtia Agiutr)0NSY(nentoa
Consorionlso*volwtn of phosphorus fertllize motefs15on o Sopbea Prirar) S M 

newo*k of knchrno* soils of the trmpkL*' soba Ptorm) W Wimortik do "I t ofhe 

Scientiflueet 7ehnique Outre-MrO., IFDC 
As ofjune 30. 1979, 21 extwrimernal sites (International Fertilizer envelopmet Cmntooo, 

%weoperational on anetiwk of three tropical ICRISAT (Internaional Ctops Researth Institute 
soil families; the remaining ite are expected to for the Semi-Arid 11ropks) SIIARCA (Southeat
be optIng by the end of 1979. Asian Rgional Center rot Graduart Studyma+
 

+ 	 +, ;~, +
+++++++:+++I+J?++++ ++" +"++ .++ + : + + ,+r ' + x 	 "+ :'--++++;rJ+ + +l-~ik m I'L h E +lO
 
Snumber actively Cooperating Rarh inAiculture),NIAL (it

or# *ltion invaRios csntries Is 20,now Plcko by TropkalLeumes) INPUTS 
54 OmTiaWInke eiWV IePotmNo I crmiqProductivityUndetr(Xh Ml), 



East-West Center; the Soil Conservation Service Collaborative Research on
 
~(SCS) of the US. Department of Agriculture-, the DSP Soils Network
 
Food and Agriculture Organization of the United A ne linkage betw.~een the Benchmark Soils
Nations MEAO); and various AID missions, Pj ~~WC(n~nroa etl~~
 

Prveoeanth C IntIernatiole crin---
------ ----- - t e)%a salsc-n---


Agreement with ONAREST November 1978, when an agreement was
 
signed for a collaborative research pro ject on 

An agreement was negotiated btween Hawaii's the Evaluation of Phosphorus Fertilizer Materials 
Benchmark Soils Project and Cameroon's and Placement Effiects ina Network of 

SNational Office for Scientific and Technical Benchmark Soils of the Tropics, 
Research (ONAREST) inJune 1979. [David Harris, doctoral candidate at the 

U~nder this agreement, Hawaii BSP w11I University of Hawaii and graduate assistant with 
cooperate with Cameroon inthe introduction the DSP, will supervise plantings andi harvests of 
of applied research directed toward linking soil maize at five DSP sites: Luzon, the Philippines; 
survey and soil survey data interpretation with Mindanao, the Philippines; Java, Indonesia; 

~rscarch on crop growth and the optimal use of Sumatra, Indonesia-, and Hawaii, The 
soil rcsources. Thec BSP/ONA REST agreement excperiments will com~pare phosphorus fertilizer 
complements the activitiesof the FAUIUNDP materials at each site, including ground rock 
group inCamerotn who are concentrating their phosphates- from two sources and minigranules 

Sactivities on soil surveys wi~d !And suitability made from these rocks by aprocess developed by
studies ibr rural development projects and the IFDC, Final harvsts for the exIperiment%art-Iagroccological studies on plant and soil analyses. scheduled for mid. 1980, and results will be 
There isa need tor crop production information compiled inHarris' doctoral dissertation.
 
toaisist inuoil interpre.tation, which makes the
 
USP activities very timely.NtokngAssac


T7he Benchmark Soils Project isalso lving to kn Assitancasked to assist in the preparation of a long-term t ~ A
 
rswach program inagropeology (plant and At aJanuary workshop oin the Island of Maui.
 

soil relations) for the humid tropical area of Hawaii, James A.Silva. Principal Investigator

Ciim-roon based on the resuIts orIts research. ofheI3 SP, officred the useofDnchmark sites 
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to NifTAI. (Nitrogen Fixation by Tropical or have expressed interest inestablishing national 
I.gum Benchmark soils networks,.vs), aUniversity ot Hawaii project funded 

by AID econtra rtaC- 1207, asa beginning ofa These local networks are rte first step in the 
network of sites to test Rhizobium strains, Silva . development ofa framework for an international 
made aproviso, however, chat prior approval be network of Benchmark soils. 
Olai'n'tdh1y-NlTALCfromni the host government in It isimpo~rtant to stress that it may not be 
each country NifTAL has already used the BSP possible to work at the soil family level on a 
lole site on the Big Island of Hawaii. national scale. Indeed, for some homogenous soil 

Silva recommended that all experimental sites groups, it may be unnecessary. 
be classified according to Soil Taxonomy so that Textural phases ofsubgroups may generally 
the crop and soil information gained can be added suffice for national Benchmark soil networks. 
to the Benchmark Data Bank and be available for Opportunities should continually be sought 
transfer throughout the tropical world. In through research to determine the most effective 
addition, he offered BS1 assistance inanalysis for level of the classification to be used for any part 
soil characterization and reminded the group that of the network, The most effective means isthat 
profile samples must be properly collected and level of the classification at which information 
described by acompetent soil surveyor, as is transfer can be made accurately enough for 
required of the INPUTS (Increasing Productivity regional or national planning purposes,. 
Under Tight Supplies) program of the East-West The experiments conducted on national 
Center inHtonolulu, another collaborative effort Benchmark sites will need to be conductedin i 
of the Benchmark Soils Project. systematic and cost-effective way. but they will 

not need to be as complicated as our tranifer 
CrpigSse sResearch cxperiments. Thec purpose here isto obtain data

Croppng Sytemsto recommend farming practices for the average 
Jerry L NlcIntosh, Cropping Systems to beterthan-average famers. Agood job 
Agronomist, Gmoperativ CRIA/IRRI Program of soil survey interprctation ofmapping units 
(Central Research Institutc for Agriculture/ and recommendations base on results 
International Rice Rcsarch Institute) in of management expiments on anetwork of 
Indonleia, has ln granted a yearb study leave in Benchmark sites willgo a Ion$ way In increasing 
198C with the Hawaii Benchmark &ili Projcct. the value o soils information inagricultural 
l4c plans to study Iow liSP research relates to the deve1opm it planning. 
cropping patterns and techniology developed at 
CHIA in relation to relevant sociocotunom 
cmditions affecting agricultural production. He Brazil 
iscpecially intreted inhow soil classification EMBRAPA (Emprs Baillra de Pesquisa 
accOrding so) Soil 'Ihxonomy might be used within Agropecuirla) expressed akcen interes in the 
CRIA in he devilopment ofcropping sytems for concepts, strstey, an resArch of hc Benchmark 
diflirent arems. Soils Project. Ofrprticula concern it the 

utiliation o(i13SPLgenemcd knowlcdge, In the 
_________________________________ ama o bosh required minagemunt practice and 

"Hot-country nerworks of fropical solls ore te fist best-adapted varietIe. 
step Int dvelop nr of on Intomattonol Braillian otfcill of the Smricode
nrworli of Benchmodit soilt" 	 Lxvitntamento vCorviicik dc Solos (SN LCS)

of RMBRAPA hav also rxpressed interet in 
national prograims. During at reent visit so 

in liHost-Country 	 Divitil, IM.tklnroh was asked toamslt In
* Activties 	 asuitable strategy to utilize the.comncivingActvitesBetichmak Soil concep InlOrall, In-copisry

To (iitAtV 111W trAnsfer o s hawe e"n favorablyo tgooh sckenstm and cox"ertor 
,56 locAl farMer, *%"eAl 4141ntyi aMVVstablished Imprefsed by Prjec operAtIons InJAanard an 
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N+. Agrculture. at the invitation of W.C. lbpan 
and M, Korin ofrtw All) mission in Jakarta. 
Silvai madea briefslide presentation of BSP 
activities with emphais on work in Indonesia. 

- i-l-,D. ul dL Director ofSRI (Soil~sarh 
! 


1hw lnt USP1 experimental ste wa%estabisWe In1975 
.ma ihls.rn~k, luhermlt llydrk 0)ystraniiqnear 

llumnuksann~~~PO~Isad~lwI.~~NATION4t. 

Sparticular arMA.T' soils were identified by 
SRI. And VCas (Center i VIsAppit ARUle Of-

S;2I1X), Tmi addift hI entrs ate nearing 

LttAblithmit inlWlall. Cast Java, and in 
Tc-$inrng. I.Ainisung. Sumatra. Ultimately. 
T00(% tslmnitr are vnvisiod fs All of 

Indoneia; brin. twre ismucht Vmphai on soili 
surIcy ad soil CIAssfitAti Onde1IVtene so l~ 

v.of ndonsii 

SKI hA% Also inituwd it t
in nry (of 

n~OnA14l, B-nthmnArk SOils1 nVtWIrk With the, 
establikhmet WI xeNfin imetl If.rm in 
lsmnpung. Siouth Suma.trA, This titiv hAs berni 
41MrAti oal sinc early NIX*( AIM,. incMtperatlon 
with the (eirAl ktewchrtlIstitute (4
Agrtulture (CRIA ~wan USIAIWJakftA. SRI hAli 
lIM11 (,,n1(fting soil sursi)s inSwnAtrA (o 
4kni ify oilt on whith tone auricultund romftrh 
staltimn vIItoIVew tat, 7lie stat my 
Also become IMtt ICA nW6"na netwok Of 
ex~vw lint st t ton key or Iktxhmak soilt-

PoltrTf N ID41-

Annual rto",t 4 Pnolvt t 197-018N9. Astiwmvc tit 

Institute), I P.G. Widjaia.Adhi, SRI 
COrdinator for BSP.!ndonesia, and R.G m 

iManuelpillai UH Project Ler inIndonesia, 
were also present at the review. Project 01819 las 
served as an umbrella (fr the operation ofhth 
Benchmark Soils Project in Indonesia since 1976, 

Silva. Tsuji. and Widjaja.Adhi also had a 
unique oplortunity to meet and discuss Project 
goals and activities with U.S. Ambassador 
Eugenc Masters In the company of Deputy 
Director SaraJane Littletieid. Tappan. and 
Korin, 

PhlIppines 
FOR PPOWIAM 

Anational program isaim beint pmmsd in the 
Phil ippines. Recently. adratt oia propoal for a 
national rvwearc propan oin Thw Casifiction 
of Philippine Soils and Alrotechnoloiy Da rsfer 
13i1nM Soil Teitonowny %wprepaed int~y by
GN. Akasid. Jr.. And K.Santos ofmhe Burea 
of$Iiils; A. Mallinm of PCARR (Philippine 
Council ot Aiculture and Resources Research);
A.A. Briones of the Univerity ofehe Philippines 
at Los Mtn:os and M.E. RAymundo. lSP Pmj*t 

wLedrin the Philippines.
The proposal Includes the general fr~rntk. 

dihe mnrporw And Iogimc requiremtsmad h 
timetable (or operationst The art**.prop osehe 
(overe Include the Ilowsi rewkm, the Caga~yan
Vll,. she Bkle re~ion, all inLutow; Saua and 
Leyte,inthe Misas; and the Agusan Rime Bsin 
InNfislinao. Eximing repkul agricultural 
d"wlopmewit p"1rogram inwheW 4MareasW IVsldb 
gftvtlv Akds by yile Propose w~k004pso
Nwil Taxomwny And aprowcholiqty transfer 
tong lSPvcncelw 

The d(Aft prorosaitl Is 1I t*esnA6Wedle 
tion to fituntinq ajgncie vnwirnw inAptil
lMAl P"reait 1 toopt~pflrpolm &nW
nMI imlewtwaskm ofw rnwrfAM will 

itnudinit lISP petrwnl, 



PHIVPPNE AM5ORY CQMTTEE SCOW$OCN0
*LAFICATON OF$00L 
Strong intrest was exhjbigvqJ by Philippinc 
governmen~ft agrccs in utilising the oncept of 
ajtrowechnol, jgtrAns5ere blW~c on soI 

~l~ifksrin kIFaco~iiiYiiiii~a 
isulw Kuks~ of dic Benchmark Soils Project. 

Pirrsern Philippine soil maps are nottly soil 
recnnaissance survcys conducted before the SOHl 
Mixotunnexisted, The Philirppine advisory 
comtmittee to the Benchmark Soils Projmt 
suppiorted the Aoncqpt ofdeveloplng amore 
useful basic dIAStiVkAuiOn system but eXPlaned 
that they hal neither 0.i'prsonnel nor ttw 
cquipmewnt tit underaL-e such Atassirivation. 
They,suggested that classitkariun ol'soils should 
be IniaiCd in threeM Areas: CagiyAn Valley, 
Isabela: Ilkoio Nwte and the Bicol 
River Btwin. 

Thw Univerity of the Pbilippines at [An BIho 
(UPLII) lndkitted that resArch1 Awths at the 
'UniVerfity could IVtied into she ClAWsikAtlOn 

ef wlwClADPI((AgAYAO Integrittes Arma 

BruItweals I W whinc lin 

hkfhe wriNauiesuldo Niw 
quka do. Nitho Sorps rkq
.5th FPAMIG &Wd the lISP. Si 
be.. trib uasiip 'witnes ontrih.
uWs bly IN"W %on it1w nom in5 
OWe.N OWd Nee Uk 

l)v'vvlopnwnt Program), aim) ollewd both 
fnncial and rce'Arch assistance,. 

PCMEAUXO A AO an 
Asoil r*csrch cvaluat ion teamno h Sol sa 
Witter Research Division of'thi: Philippine 
Council fitj Agriculture and Rcsurces Research 
(PCARR) made atwo-day review vvaluAtion of 
ongoing soil reserch inI)Avbo on April 6-7. 
197$, Thecy visited tlw lenchmark Soils Project
site inthe UP14)Avao Ex~periment Station andi the 
Projects Of the BureAU ofSONl And ChC Philipinef 
Coconut Authority, 

Otlher Expressions
of shees 
Expressions o tlw for theuintini~ wmftuilit 

fBPcnet ab emtlztoeVd 
rvcently from A,Derenoncotirt President of 
A(3ROTIRCNIQUE! of IHaidi. and V.lyamurcyc 
of I.SAR.Rubona. Buraze. Rwa. 
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DISSEMNATION OF MUTSEV~ 

Communications Network 

The communication of research results and the establishment of a responseC
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 o~finf'ormation 
is the Benchmark Data Banik, which has the capability of establishing a 
worldwide agrotechnoloy transfer network. Conferences and workshops 
combine theory and practical application among members of the national and 
international community of agencies and institutions and individuals. The 
Benchmark Training Program is being developed with workshops in host 
couintries on Soil Taxonomy and grotechnology transfer. Publications are an 
effective means of promoting world awareness or BSP concepts and tlza 
t ion of Soil Taxonomy as ameans to agrotechnology transfer. 

Awarenes or Project goAls at the international transfer orinformation ror country-use. For 
level has been crrAted i tugh training programs, example, reprecntatives orthe Philippine

iI
mulshopt, conference%, and publications. Council rot Agriculture and Resurces Research 
COmmunicAtio linkages with intemnathonal (PCAP.R), the Bureau ofSoils, theCollegeof
agricultural research centers and cooprating Agriculture at the Univmrity of the Philippines
natitmal rrsearh institutions arc maintained at Los BAhmo (UNLi)). the Bureau of Plant 
through regular mailing ofvarious publications Industry, the National Economic Development
aund thrtxugli rmsonde and visitorrs Authority (NUDA). USAID/Nianila, and lISP 

_______________________ formn the avisorycomrnitte to lISP In the 

"Dotogorroted by the 0roect under preclse Philippines. while theSoil Research Institute
(SRI). ehe Central Research Institute Irquolity control will form the core of the DSP doto Agriculture (CR IA and lSP form atechnKil

bonk systm, which will be groduolly d eloped committee to DSP InIndtneila. Inaddition. In 
ond rooifid.0Indonesia. booh the 6~ rtxicp and the Burous 

or Isanning and I SAID/Jakta form (headvisory
1(micontry coertors InIndonesIA anil the comitimo SP Advsory on"mittes 

Philippines hewv ionwoei *dviwor conmitees ostablishe by the host aountry lInd further 
LF >,F..' F . SF:++++> 'FFmi+
to crease dn &Wi" fProject ctoqws an support to,the WcceMaV or Projet cowNces 

iKtliiti0rst the nAtioriah lI. eLmmitesms and Sw1.. 
av mxnMW oocirntistsi ptqmtri piannti. and Hashnal resarh netwo1 ae the basic 

+ ?+ : + > ,++ +' -.... . ....F4,... I.. . .. . ' F,..... + ; +..++,F .....*amInistrawosfwo ca'n~ktw~ he etw rot ein Ins"Msloa.,,FF J~ rou4~tiMlo IWMrwvtk lInkI nX 
puldlinem Input%to coaperaw *Ish the lr tihe Anrt tItm, qfkultral researh matiorli In;
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Dis.cinrin of rcstlts of researchandotiy Conferences
theories and iipl ications of tliv linchmark 
Soils ProIn"has stlmllatt-d ir i the and Workshops 
Project and catalyt~ed activities invariotis ras. 

,nk -._-__,Discussion orImpacto..
ntitwork of communitcating and cooperating Artcnlg rnfra 

reserch nsttutins.InternationalWorkshop 

Denchma rk Data Bank 
arly prngress in the development oft data bank 

system was primarily focused on the storage and 
retrieval of soil characterization data, including 

itie and profiil descriptions and chemical and 

physical analyses. Much of the impetus of the soil 

data file was initiateda ndthroughSrouacooperativend +cffrt b~etwe Int an (Sorle 

Con evatwn ISP a. dcn ntract.. w t St 
nservaion Service) nltttCt with the +m "r 

Department of Agronomy and Soil Science, 
Univers ity of Hawaii. 

Rcent progress has .eenin designing a 
framework for the development of at functional 
dAt.1 bank system that would permit 
interpretation of soil survey data for agricultural 
development and land evaluation. Aconsultant 
)Steintaral't provided technical assistance 
Inplanning this expanded program. 

Tlus, asoil interpretation data bank system Is 
being developed to serve both scientists and 
agricultural planners. The frmework of the bank 
isOhown JiAgrammaically inFi1g, 18, 

1hw Pro cti: ms olleted And is imtinuing to 
collct all three typesf dats: soil, crop, and 
weather. Inesene, the soil an crop performnance 

lnlfrmation and environmental data are it) be 
tchtdl o produce An (output hiat can be 

tranislated (tor aspecific user. I ence, data"IDi 
$m.rated b- she Prwoess under preiw quality 
control will furm doecore tofcontinuvid 
dewfelpent mnodilckat kn and updatinM of she 
OIP Abatik sten. 

The Benchmark Soils Project concepts formed the 

core of the discussion at aworkshop entitled 
Operational Implications of Agro,-clnology 
Transference Res.Arc1, h.d at ICRISAT 
(Intemational Crops Research Institute for the 
Semlrd Trpc)i-yeaa.Ida coe2-Arid Troics) Hder ad Indio, Octoer
 

,
tl-.t n98.f o eslnda, s ee o,ed,,o 

th trnfro aa3I~eae technolues.training, and other tech-nology,, 

The results of the workshop were that the 
SUS/L) A agreed to *in ernaulonalize" Soil 

Taxonomy and workshop participants agreed to 
create an international body to oversetsoil 
reource inventory quality control and to 
mobilize talents and resources to begin collecting 
soil and crop data fot soil interpretation, soll 
correlation. and agr.echnology transfer. 

Participants supported by the Benchmark Soils 
Project cme from Indonesia, the Philippines. Sri 

fl 

M
Dt 

,11 SRx Tl hfnvWA o(aanoow imkks I"the 
WOOtiifnchmasi Its funk "iAl 1w "nWpavl An 

Y*iI-4,--'Isl Ine Ilo&sm-il e&st 4 -o 6 



BISP perswmnel Paalrp Inworkshops and com rqentm thrnwugluu she irvpIcu wrn~d. In.5,ptcnbr197J, -the 
St.ond Internihomat Smih Cisthm~~a %orksuhp was hael InMaIamula and Thailan and was orpnlud hy she 

o~~n~tf Puun0i IRci 

IAnk~s 'ilrItile Netan, -wtU sd unikr tis auipce or both tlw Nmw Zealand 
Ptwrr0 Rim, OtdWr rtnivermltt- &ictyo ofFood Sdciend 1arm Ro)al &Kcitty of~ 
i-vrvftm USAII). ICISAT. IRKI. SaS, PAO, NmewZrAland. 

Soil wih VaiabeChrgeWorkshop on Soil Research 
~hrgeInventorySoil wih Vaiabe and Evaluation 

Conference InNew Zealand ~ 11Phiipn O~nnl fiw Agrvultutv and 
Ilie Ifrn11iak S*i% PnrsctIa bee exsenikvmd Rm~KImv Rtc~s~ OPCARR). 1K Plifippint 
All teu 60 10%r11 low ou(SoiI%, and t~~iltil ie~v Kityof(*intitil"IV IV, V.Aend VI idf 
dkw lnscrswmu ity o$oII 5drmv throug~h tilt Pllppliw spnm~rim athreeAy natimnl 

Nw KeatendfI1 Ilurau ualike Lea~ ~ds~w #oP fJOSoil RowsMInVtror 

Mil'A h M6rW4V 0'eq( to IVekld 10 J~uitwy 114-21. 197IH in MA.4 mAjor
P4#neittwn M4#wthsM Zvo~elitnil on#Mvwry 4#40mi-wnrn oi(thew orki1.op wo 1w uW o(,Il
11-114. 1914L A(il IAVdtyh b t ite ise~rfluiunny Indotloog nt l1.nning.Orssmp 

& o 
62 wPft" .4 iwtrmn 11t ( mf #wlI IWIdk AMd foI#ui InPet"OuIl (tiOtw tK 

Ak'o Pfojj# wtmmw1 ha~vtx Itn~ks i~~fr 1W ramm+ teaWt IV", Ind Plsnnen 
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inventory programs to suppl-ort development 
planning, MXE. Rayrnundo and A.A. Briones 

were participants from Benchmark at this 
Workshop. 

_.______________ 

Asian .Food Conference : :;Cornell 
s iaFoodConferenceUniversity of Ghent, Begium, and the 'Soil 

Goro Uchara, Soil Scientist with the Benchmark 
Soils Project, attended the 14th Asian Food 
Conference in Singapore October 29-Novemler 
2, 1978, Held annually inlatin 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 Benchmark Soils Project at 
the 1979 conference, tentatively scheduled for 
Taipei. Taiwan. Members at the 14th conference 
were provided copies of the aSP Progress Report 
1.Re.arch on Agrotechnology Transfer in 
the Tropics, 

PCARRI Sponsors
Workshop-Seminors

LrderMarin Rymudo.
iPhilppie PrjecP:hine Poje eaer, Martin Rymundo, 

ponsorcd by PCARR (Philippine Council for 

Agriultrr
nd R*)ucciRemrh) n 178,
Agriultue adReoures Rsearh) rt 178. 

Raymunda discussed aPApr on soil 
consemon And the Regional Development 
Project at the National Semlnats~orkshop ton 

'S ol nsyatIon, July 28-30. Ile presented 
.apaper on Soil Management at the PAO-
Philippines National Workshtwp 4m Dmviopinent 
and Mangement of Rainfd Crop ProduKtlon, 
July 3 I-Augus 1.and hesl kt Minimum 
Pcdological DAta for Plield Experiments at the 
National Wrkhopo n Minimum $c forSeof 
Field Experiments oin CrtqA. S1ker~tem 29-30. 

All the wt#rkshops held at KCARR 
beAI(qUAfter in11.0 1640%. Laguna. 
thev Philippines 

Woritshop on Soil Taxonomy
ThiladIn alastaanIn Malayia and Tailand 

-,7/"*,,ipndtraspaclal Xrant from the U.S. Agcmy r 
1mIntWku Dovl4qwwt AID), the Unkvnrity 
of Puesso Rk64W)Wasl the Smond lsntauional 
Soil C lkathm %Mao~kalop InWalayi and 

_ 


Thailand. August 28-4cprember 9, 1978. The 
Depairtmevnt of Agriculture of Malaysia, the Land 
Development Department of Thailand, the 
Southeast Asian Regional Center for Graduate. 
Study and Research in Agriculture (SARCA), 

University, tleUniversity of Hawa' i,the 

Conser'ation Service of the USDA collaborated to 
stage the event. 

The overall purpose of the workshop was to 
improve Soil Taxonomy with regard to tropical 
soils and to further the application of Soil 
Taxonomy as a uniform system of soil 
classification in Southeast Asia inorder to 
facilitate agrotechnology transfer to and within 

"The overall purpose of the worlshop was to 
Improve Soil Taxonomy with regard to 
tropical sols, 

that region. More specifically, the workshop 
focused on Oxisols, Alfisols. and Ultisols with 
low-activity clays. Participants critically
eamied che taxonom yof certain classes ofrnIipated inthree seiinr ,,rkshops ,] -rp~ il '~! ~ ~ iio:::.7:;"?; 
trop catsoils and formulated a series of 
recommendations for Soil Taxonomy and 
associated subjects that may well serv As the 
framework for future international activities in 
sil classification, The proceedings of the 
workshop will be published by the Land 
Delpment Deparment ofThailAnd, Thie soil 
descriptions and analytical data generated fronm 
the workshop are iIportant contributions to the 
Benchmark Dta . .nk 

Training Program 
1ta 

Development 
An exponded training programn isan essential 
cottipuwwnt of the Benchmark Soils Project. lo 
aist inutiliadon of Project (cqae~l.
wrwho and training sessions aire beng

andi onducted Insoll classflcation and 
ikentikanc sildsunty int(erpretation, and 
soil4Msed agrasechnology transfer. Inaddition. 
gradutv stdenti fit~ thrm-timntrietstr beinx 
trained at the Univershy 4W Ilaw~i t)prtwide 

: 
 ' . .: L 
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professional personnel for continuing utilization Philippine Council for A~riculsureand Rmsorces 
of 1he Research (PCARR) and the U.S. Aency (orBenchmark Soils Project concept and its 
atdaptation to future national needs. International Development (USM 0). The 13 

The main thrust oft' he trining packaec workshop participants came fromi the Bureau of 
_______is to)promote and encotimp&adoption ofSoil Soils, she Philippine Coconut Authoritv. Cental 

Taxonomy as the soil classification system Luzon State University. the National lrtpslton
inherent to understandingR the concept of Authority, and the Philippine Ministry of 
agIroteclmnology transrer. Itisexpected tlhat the Agrarian Reform. Sessions includled claisoom 
workshops will cataly"e acloser working and field activities and aconcludinit seminar 
relationship between agricultural scientists and rrt by the participants.
planning agecncies at both she national and Participants learned so rtcognize the criteria
international levels to facilirate she srmnsfer of used insoil classlfication; to use the Soil 
agrotechnology for increasing foo production. Taxonomy key; to recallI properties and behavior 

In1977. the DSP worked with Cornell of toils from theclassification nam inSoil 
University inorganizing and conducting a Taxonomy: and to relate Soil Taxonomy to soI 
Wrkshop on Soil Resources Inventory and survey interpretations,

Agrosechnology liansfe~r which was held inshe Throughout the workshop. she instructors 
Philippines (Progress Report 1). The firt suggested ways that the partiipants could apply
workshop on Soil Taxonomy sponsored by the Soil Taxonomy to their local arma and jobs &W 
Benchmark Sols Project was held June 4-29. advise them on how to crease thei own visual
1979 in Los Baflos the Philippines, aids using local soils, Copies ofSol Taxonomy,* 

the Ilenhmr* Soils Proelchnkcal Repot 1. 
1The woduihops will corolyze ockosm wodtlng Laboratory Daand Descripitikof USIts of the 
relorionship between ogriculturol scientists onci Benichmark Soils Project (Ikaws); and wea 
plonning ogencies ot both the notional and othert reports wei distributed. 
Internotlonol levls to facilitate the transfer of Asimila twkshop for Indonesiiskpanned
ogrorechnology for Increosing food producvln" (or Janusty 1980. At the conclusi of thms 

workshop, materials ko apackage of srilniung
Pour key on-country achivemenu, we noted*, Solmaterials on the fundamentals ofW wxnomy 

e Articipants wev enuage to complete *Ill be compiled and publislw. 
ther own classirikation 1"kjets as a Atotal ofseven Sraduate studm at nov 

~'oi~ ~. under the sponsorship of the Projct two from 
9An inventory of resiources for the the Soil Researh Institute inBua noomla 

Philippines will be compiled (M two from the Philippine Council for Ariculture 
1,+!l the poandi I u Reictrce Research, and one (rom the Burea 

*T7he+University++::Y~i+++i++++of+++++:shei++Philippines++i +++:++iat+++Los++++++++ofl. the philippines;m aOd MVo froM the................
++!++.++? ii+++:++:+++++i+:+i++: +++++ m
++++ ++++++++++++
+++. +++ +++;+:i++++ii++!+ + 

++:+++: +++ + + + : : +: + + . . .+ : + • + +:
BantVed Its 6f "Isr a United Staes, The curriculum of ends ofthie+++ ++ + + + : : + , + + + + + + + : , + ++ + + + : + , + + +: ? + :++:+:+
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#170 soli inthe Philippinesovwe classie of~ "eh"OsoY "W"fe Their thesi topics
into soil famnilies cjring to Soil will bereMAW*d input, to the Obobjets 

Tmnmy.of the Ps$. 

Inaddition. pArticipantswereenthusimstl
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Appendix 1. 
ilaPer..formonci 

Tab) 1. Exporiments completed. January 1978-Jun. 1979
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Hydric Dystrandepts
 

Ifavalf 


Indonoaa 


Philippi. . . 

Subtotal" 
4Tropeptle Eutrustox
 

Brasil 


lIAVal1,l 


Puerto Rico 


subtotals 


Pdult"
 
Indonv*1 


PhI IppInvs 
J *btOt4a.,s 

TOTALS 


Crop 
Transfer 

. 
Varetov 
.rim.ntsexporiments 

4anagoment 
xperiments 

.4d-xe 

th.ze 
Soybean 
Potato 
Peanut 
Malta 

7 

20 
0 
0 
0 

13 

40 

2 

3 
0 
0 
0 

1 

6 

1 
6 
2 
2 
1 
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9 
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3 
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2 

6 
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2 
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Hla 
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!2 
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78 
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T6 
14 
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32 .124 
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Table S. Hyr~ 1ystrandepts vait exprments an mat we, yield a4I (g/ha,
 
Jarnuary 178"-Juno 1979"'
 

C"" P? Coded It VarietZ 

Ilavatt/ZOIA'0 W 78 H1610 H788 X304A X304B X304C 14816 X4817 X5800 
.0.65 .,5 4718 40)6 5104 4145 5035 4420 4658 4297
 
-0.65 0 4852 4950 5469 5682 6400 6250 5968 6382
 

0 -0.8s 5022 3885 4265 4690 5724 5734 5135 4333
 
0 0 4886 4461 4702 5014 6907 6658 5641. 5308
 

M1ean 	 4670 43)4 4691 456) 6017 $766 5503 5081
 

mawatinouL.-HID 78 H1610 X306B 11788 X3043 X3LMC X4816 X4617 1166
 

-0.65 -0.65 7537 7496 7119 6602 81)6 7979 7957 804
 
'0.65 0 5646 5330 6606. 7729 6762 6772 9234 6916 
0 -0.85 	 7127 6617 6796 6950 6200 7814 6970 6327 
0 0 	 6542 8619 7610 6126 66 9113 8916 6843 
mean 	 801) 7765 7583 7369 6452 6420 6270 6542 

Indonesa/ITCA-L, W78 1610 K"01In UMC Igrasn H16 Of!M
 
.06 2055 2384 1994 2514 3653 2270
0.6$ 

4080.40 1941 3203. 1785 2671. 3491 I8i8
 

40.40 .65 2$61 2099 2795 3106 2307 2263 
!! i '"3i i! J~i ! ''i ~~i i i i! i ii3 3"i~~! !! !: ~i!i {i i 	 i !i! i! ! li !! i i40.40 +0.40 a296 '403 129 3191 	 31714181- !

i,!i ~!i ? !! !i ' ,i , ! ! -. ,!'' , ' 33 !i~i i"!' ! i ,-A i!, 'i 3i' , ii ,,: i : ' ! ,A"'-ii , ! .A33'-....""! 
i ~ ~'iii , i~'i! A ~ iii 	 3 ~:i i ' i !, A'ii i 	 !!ii!~~i ~ ~~ii ;!'ii! i i ! i!!i! i 3. !ii:!! ,i ~i! ; !~' :i ' ~~ ! 

i I !	 IWn2268 	 2935 2242 2897 3414 2396!i ~ii! i i i iii A ' i i :! ! i !: i!ii 
i~ i , , ~ ! i i ' ! i~ ! l i! i , p 3' ' i i i i ' ! i , 


4 33333A. : ,, i:.:, ,,' '
33, , AA 3 , , ! ' A: 3 ,, .< -A; , ,,: , , ,'3 A -' , , 

ii!iti5 i i, i~ ,! ~l j i d(j~ i i ,!i,, ! ~ i ! ,i! ,:i!~ ii r,iii''!i ! ! iii! ! ~ii.!i i i 3 ~i / )! ii 'i,
i i i~~i ' i!!iiiii~l~~!, iii -A !ii~i~! !i ~A3ii~ ii! QI '1'L kii' i Q€ 	 I~l i !~~ i! ~~ L !,~ii!!''i! -A iimt , i l i i i i i i ! 4istor VHS
 

InroostAaIITCA- V 78 H4690 InA ggraisa gh glm!Phi
 
-0.85 .85 2300 2570 2760 2497 26)7 2473
.0 0 253) 2353 242) 2297 2647 2270 

0 .0 2760 264* 155) 306? 3220 2697
 
0 0 200 2460 2§17 210 491 2597
/ , "3/0 " 8 d &' ,3 "~4 	 ''.. 	 A 0 6 6333 33 

- I4ea 	 2416 2556 241) 2693 2999 1559, 

6 833 	 7739'13' 878-A3 A ' 8 ,43,72 9 3lsdotosia/flCA-W V 79 Kus~uw Mlrgmn NOI OlE-1 Vaposo 
-.0 -0.55 5203 M50 5541 5706 5W6
 
.05 40.65 3252 4815 5470 5755 5512
 

40.65 .0.5 6141 618) 5948 5532 6724
 
40.$5 VIA8 5689 W~2
5Hit 66M 

5en598 5546 .54 5915 .6140 

Phil IPPIOW/PM-M. V Is 	 1 71 
-00$5 - 0.65 1614 30W 141 1591 16071 
406) 0 256) 1)49 .2454 1475 2549 

.32460 -0.65 	 15 3161 2969 14?)
 
1210.......30524704 50)1 j
 
"it1 lost9 3194 2864 321.1 

733 



Tabl. 6, Tropapti tutusto, variety experiments on miss., yield data (3'ulhs), January 176v3,tn. $979 

__________________ 	 V ariety_________ 

Kavattfi/ot..C D 76 11fl 473 	 13040 1110II61O Hil 041 U6h8 111 
.0.1) _011S 3474 Wo1 $0)) 6)31 6)66 $420 5)51 $696 

A>.0 .1s 0 702$ 6709 7352 6)16 69)5 6106 5421 6)90
0 -01$5 6625 649) 620) 6927 7656 4214 60)7 4,417
0 0 72S) 7121 7096 7070 MS9 III? IM5 67) 
M~an 6595 65)5 6622 66 7099 6219 5867 6310 

rho" I 
Puto Rt;,hR.36 7? 1l610 MOM8 1110 126 11040 13014S MlSO7 MA-.I 
-0.4s 0 1067 2601 2100 3354 3764 4244 27)3 3111 

*.0 0 8571 U38 2795 ___3413 )1)0 3439 2223 3251 
"*so. 96* 2970 2447 3)*1 3647 3962 247S 3181 

Puwrto Ritpt1V ? 6 12!0 nix'sX 111 	 0millA2139 1197) M1467 0121?III
 
.0.81 0 	 2120 104* 296" 3675 2129 118) W46 293S0 0 lift 1416 1742 IM9 3101 1ist I2649 2433 

Heels :1 12lt 2)54 MA) 2355 131 it"4 2709 

Is6 Cargill Pleat. 40 
1141.2 amrt 16600 8630___ X101 1f4 III Cabatio 

40.65 0 64S7 7072 4467 Mt7 9174 125) M0il
 
00 	 9ill $120 LM0 179Z #4§2 IM8 Y132 

8W914 7i9" 036 1314 "is ili0 fail 

Cill Disall do 

.060 0 	 509 M6w 61 4998 4827 by"9 4112 490)
40.1) +0.85 	 6247 517 5614 A)1 52)) 706) 31176 son0
40.6) 0 	 4047 501 5*W 4671 $M3 5)5 3617 3
40.15 	 40.3) )111 "2 sill 5112A NA)3 )%g0 A12 4 

M4414 50 MIA4 5055 4011 IM0 4$59 1* 44 

6r333 Is 	 1130 1096 R7111 	 361 A InavaI 
Cgtrl 	 127 WI~ 1547 2330 3031
 

5411 4461 49,44 44*1 400
 
N014 42)4 it"4 AS" 404
 

Ir41I1.11 W7s Mal6 LWA AMR4 M16 1112 111 -Aid 
NM )4 4") 4*45 M$) fit) 1490 M)I 

"Oka 

=Mwi 

74~ 

http:Ir41I1.11
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Tal 7. Typic P41atdults vartety experiments on matzo, yield data (hkItia),
January 1978-Juno 1979 

Codod P Coded N4 VerAetZ 

Indoneaim/AK-B n79 H6 HL9tr tod ok. 
-0.85-0.852983 
-085+.4 

.+040 '0.85 
+0.40 +0.40680 

230 
4984 

3598 
3858 
4229 
74 

547 
4855 
5033 
635 

44 
6178 
6157 
66 

Mean 4.499 4758 5432 5943 

1hilippings16fl4 W 79 
-0.8$ -0.85 

0.50 

P R-1 
40)1 
4797 

UPC 
4237 
5074 

I DKR-2 
5234 
5667 

Ti nigib 
3997 
3906 

H6 
4820 
5689 

00 4646 5025 599 6054
 
& )4n 4428 4673 $293 3819 5128
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