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The project was fortunate in being able to enlist Dr. Larry A. Nelson of the 

Statistics Department of North Carolina State University as a statistical consul­

tant. Dr. Nelson, assisted by Ms. Teresa Gastardo and Dr. Jeffrey L. Paschke, 

handled all sLa tistical aspects of the project and his intellectual and technical 

contributions were crucial to its success. Dr. Nelson also prepared the statis­

tical section of this report, which was expertly typed by Ms. Margaret A. Rice 

of NCSU. 

The relationship with the companion profect of the University of Hawaii was 

always excellent and characterizedby fine camaraderie. The association with 

the University of llawaii in this endeavor proved very beneficial to the Univer-­

sity of Puerco Rico project. 

F. 11. Beinroth 
Principal Investigator 
Benchmark Soils Project
 
University of Puerto Rico 
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HIGHLIGHTS OF
 

ACCOMPLISHMENTS AND IMPLICATIONS
 

The basic premise of the Benchmark Soils Project of the Univer­
sities of Hawaii and Puerto Rico is that agrotechnology--particular­
ly soil and crop management experience--can be transferred among and
 
within tropical countries on the basis of the soil family as defined
 
in the US system of soil classification, Soil Taxonomy. The success­
ful completion of the University of Puerto Rico project provides the
 
first concrete results 
of a scientific test of this hypothesis.
 

The findings of the project quantitatively substantiate the
 
general validity of the stated transfer hypothesis. This conclusion
 
is based on the results of the statistical analysis of a multitude
 
of crop, soil and weather data accumulated over seven years of 
re­
search at six experiment sites in Brazil and Puerto Rico using three
 
different statE-of-the-art techniques developed under the 
auspices

of the Benchmark Soils Project. By implication, the project results
 
also validate :he soil family concept as postulated in Soil Taxonomy
 
and the principle of benchmark soils.
 

Numerous soil and crop management experiments conducted in
 
Brazil and Puerto Rico established the high crop production potential

of the scil family studied with only moderate inputs of fertilizers
 
and resulted in valuable agronomic information of immediate applica­
bility to local farm situations. These studies were designed to
 
conform to 
the economic decision environment of resource-poor farmers
 
in agrarian LDCs.
 

The demonstrated scientific feasibility 
to employ the benchmark
 
soils and the soil family concepts in the process of agrotechnology

transfer in the tropics has far-reaching implications of consequence
 
to the agricultural development in 
LDCs. As the project results
 
indicate, the stratification of the agroenvironment into distinct
 
niches of agroproduction as provided by Soil Taxonomy, in conjunc­
tion with the transferability of soi]-specific experience with 
fer­
tilization, cropping systems, erosion control 
measures, water
 
management, etc., can be utilized 
to effectively reduce the cost
 
and magnitude of agricultural research in LDCs. This constitutes 
a viable mechanism and framework for expediting the wide diffusion 
of agroproduction technology which will help to minimize duplicity
of effort and result in economy of thought and ('con mny of action. 

Tho rationa1 utilization of the benchmark soi ls concept in the 
process of aqro tech noloy transfer, in comhinatLin with a minimum of 
site-spec~ific research for local adaptation, can make a significant

contribution to amliratInq the depressinq pros)ects f food dofi­
cits in the ADCs l)\, ,J(.'(i e-a t.i no the pace "f LKei ,tric.lL ur aI 
dwvelopment. The pri luciples and findings of the Benchmark Soi Is 
Project should therefore be put to use in a o inagmatic proqram do­
signed to demonstrate, in a operational network, the steady flow of
 
agricultural technology from research siLes 
to farmer fields in the
 
tropics and subtropics.
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I, EXECUTIVE SUMMARY
 

A. REFERENCE BACKGROUND
 

Tini 	 lert'iBumnr:ilrk Stoi Is !Iroj 't (lSt1 ) of thbe tin ivers it _ of Puerto Rico (tPR) was 

ustabiisi ud in In-arv 197 under ctintral AID/ a-C-Il 8 witi ti IS Agency for 
Iit rtlli onil Dutvo,Iofiltit f its a;i t'sitpaiion projte' to a s imi Ilar A I) ctont raic't ofI t-he 

liivers i t it- lawaii. Wlii.ii' tie I'R/P Li lrL tiin y':ars L rmi­td ihd if srvoin aniild 


naltud iin I)t't't'iibtc 1981 , cit'r it ' of
the 	'tn a t [n ivu'rHi tv lawaii bte:aimrte ef-tec'tive 

in I907 iltld will I ' pe rat ionail h rough May, 198 3. Both Ip rojc'ts wetre c'losel'
 

'o itrdinite t( littd
and ist i tuted at ilntt'grattd joi nt .tnd eavor of bot iitit Vt'-rs it -ies. 

Ini Lili rst i'omrltehlliv study itf k(ind, the lStl vntueildrt, to ciut-fi­

aila Ivy ,stab! isit tIli, t rai -uHriabi l ity of ,,agritc'nologv, 	 and cropit particularly soil 


llalIagemeit'nt experience. 
 hi ffortCittraI t lHil was the benchmark soils icecpt 

aid 	 el itsoil autili v as de, teuud in tihe US svstem of soil ('lassifI ica t:ion, Soil 

alxlonoltlV. 'lhte initent uf the soil family is to group togetlie r soils thtat ar-e
 

relnILivt' otenlitueous; in piotp, rties imptortart 
 tot)lant growht. Consequently,
 

'orlli;irahlbl' phases of alI soi sof 
 a iiatily sthoi Id haVe a comrnlll and prelictab le 

r'stonst' to tianage t'iit practiceos, cirrel Iat Vt' inputit-outt: cliarartctrt it's, and 

s iil ir op' rtl il pot, iLil. Tiu trli-ntn. e r hypottheI.sis under ing the BSlIc'i trtl'uctt tnt 

is 	cdvedI fro tliese' prilitl ,p1es is tihat- empiric'al experienceand agroproducution 

g;ii ned i ti a soil of a pactiuIcul" imilitiy car he trnsitifercred anI ext r'apo lIatetd 

Lo aIll other c'otiparabt'l merniit'rs of that fami ly,., rrespective of tlel ir geographic 

iot'ittrrence.
 

'T'le gt',nralI aill of th It'IiR/BSft was to expur irrien La I lv arnd statist ic ll]v val­

dateLt his lypotliesis. lie primatry rtsearc'hi object ivH wre,: 

1.' T deorstctt ltat soi I irianaLg'nt'nl nd Icrop prodtiucLion knowledge 
'l hi tran sartferred amionrg trcopi('a Ic'lotunitr ies on tIe basis of soil 
familI Is'H defini rued iinSoti I Titxoi iv, iitt! 

2. 	 '['o estatblisl titat thiii' behavior of tropical soil s arid their pltei-
Lilt Ifor food proutitc tilltnder I 'Vt'Is n;tagumt iilinLsva'itlts (IFvelsof 

can1 be' predctet d friotm soil t;,axonolmic" unlits.-.
 

A sec ondary o iVt' was ft 'xtd th kWI'lgt' t;tso fFor t lie rllLgettnt of a 

FHmi, , tr-tipical ('l'rTtpept ic intri-stxx) it1 ptatrticullr corsiderat Ion vF theof sotilIs 


tr(mtili ' isinil ittl of in
d cit'i'c tVi t'lt smaIll Ifa'imte rs I .
 

The' bas i' rt'searcih strategy of flit' pol't tct to c0'dtuct
was a serits o' iden-

Lical expecrimenrt s in a net work of soiIs be I ongirng to tLt 	 same fanily , moni tor 
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crop performance and weather conditions, and statistically compare response to 

management and yields. 

The soils selected for experimentation by UPR were highly weathered, but 

moderately fertile red upland soilr of savanna ecosystems of the subhumid tropics 

defined as Eutrustox in Soil Taxonomy. The particular soil family under study was 

the clayey, kaolinitic, isohyperthermic family of Tropeptic Eutrustox. This fa­

mily was chosen because it occurs in both Puerto Rico and Hawaii and thus pro­

vided the required link between the two projects. 

Six experiments sites were estahlished and operated in such soils; three at 

Isabela in Puerto Rico and three at Jaiba in northern Minas (erais, Brail, in 

cooperation with the Empresa de Pesquisa Agropecuaria de Minas Cerais (EPAMIG). 

The tniversitv of llawaii project installed two research sites in soils of the 

same family in Hawaii. 

A total of 136 field experiments were conducted at the six research sites in 

Puerto Rico and Brazil. Eighty-one of these were so-called transfer experiments 

which were specifically designed to generate the data base for the statistical 

transfer test. They were highly controlled, drip-irrigated fertility experiments 

with phosphorus and nitrogen as variables and maize as the testcrop. The other 

55 experiments included 22 variety trials with maize and soybeans, and 33 soil 

and crop management experiments that emphasized efficiency of cultural practices. 

B. TEST OF THE TRANSFER HYPOTHESIS
 

The field data of the transfer experiments were statistically evaluated with 

three different techniques developed under the auspices of the BSP. They were 

the P-statistic, the confidence interval procedure, and a graphical method. The 

results with the confidence interval procedure and the graphical method provided 

strong positive evidence for transferability. The results with the P-statistic 

were less conclusive but not negative. Attention is drawn to Fig. 6 in the text 

which allows an instant visual appraisal of the transferabilitv of management 

practices. The graphs show that, if cert:a in site variables are considered, fer­

tilize r response at a new site can be predicted on the basis of experiments con­

doet td at other sit cs witlh thlLp same soil familv essent iaIlv as well as by an 

experiment conduted at th new.., site. 

nn halanc', te statistical studies yielded a qualified validation of the 

pustulatcd tLransfr lyp1 othes is aind, by implication, of the concepts of benchmark 
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soils and the soi.l family. In view o!: the complexity of the conjecture under 

study and cons idring the difficulties encountered in its experimer. tal and 

mathematical (corroi,,ration, these results are very reassusing. 

C, AGRONOMIC ACCOMPLISHMENTS
 

The results of the agronomic research demonstrate the high productivity of 

Eutrustox with moderate fertilizer inputs. Highest mean maize yields of over 

9,000 kg/ha were obtained in Puerto Rico and Brazil with about 40 kg/ha of phos­

phorus and 175 kg/ha of nitrogen. Soybean yields were as high as 5,000 kg/ha. 

These are excellent yields for the tropics and underline the high crop production 

potential of Eutrustox, particularly if one considers that with irrigation at 

least two crops can be grown in the same year. 

Pioneer brand hybrid X304C was experimentally identified as a maize variety 

well adapted to the agroenvironment of EuLrustox. A maize composite population 

improvement study conducted with 88 varieties from all over the world, initiated
 

by the UPR/BSP and now continued by EPAMIG, has produced promising changes in
 

plant height, disease resistance, susceptibility to lodging, and prolificacy.
 

It is expected that after further cycles a new maize variety for the Jaiba region 

can be released. Several soybean varieties adapted to this area have also been 

identi fied. 

A maize plant population of 55,000 to 60,000 plants/ha can be recommended 

for Eutrustox on the basis of studies in Puerto Rico and Brazil. For unirrigated 

maize production in the ,aiba area, mid-No-ember was determined as the optimal 

time for planting. With planting dates later in the wet season yields dropped 

off sharply from 6,300 to 2,000 kg/ha. 

Irrigation trials with maize and sorghum employing a continuous variable 

line-source irrigation technique Were conducted in Brazil in collaboration with 

the Citro Nacional de Pesquisa de Milho e Sorgo (CNPMS). The data are now pro­

cessed by CNI'MS for the development of a moisture utilization model for maize 

and sorghum in Bral.1 Other irrigation studies confirmed that the time around 

flowering is the priod when maize is most susceptible to moisture stress. 

[il lage oxperimpnts indicated that for maize producticn in Eutrustox com­

plete tillage :is not necessary for each planting, and that plowing when the soil 

was almost d ry resul ted in the best seedbed preparation. Maize stover as a crop 

mulch can be effect ive y used to conserve soil moisture and increase yields under 
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rainfed conditions.
 

An intensive multicropping experiment using a 20 x 20-m area of Eutrustox
 

yielded produce valued at US$ 1,160 over a 27-month period. The study showed
 

how small plots of land can be intensively utilized with modest inputs to effec-­

tively improve the quantity and quality of the diet of resource-poor farm fami­

lies.
 

D, DISSEMINATION AND IMPACT
 

The Benchmark Soils Project was prominently exposed and discussed at many 

international conferences and workshops. Project rationales and findings were 

further disseminated through a sizeable and effective public relations and pub­

lication program implemented and sustained by the University of Hawaii BSP. 

More than 1,200 individuals and institutions in 89 countries are routinely in­

formed about BSP developments. 

International soil classification workshops organized by UPR and held in 

Brazil, Malaysia and Thailand, Syria and Lebanon, and Rwanda made a significant 

contribution to the utilization of the benchmark soils concept. The success of 

these workshops was instrumental in the establishment of a new AID-sponsored 

program, the Soil Management Support Services (SMSS) of the USDA Soil Conserva­

tion Service. The goal of this program is to assist LDCs in producing the qua­

lity resource inventories that are the prerequisite for soil-based transfers of 

agrotechnology, to refine Soil Taxonomy, and to promot'e its application in the 

Third World. The SMSS is thus closely related to the BSP and facilitates pos­

sible follow-up activities. 

Planning meetings held at ICRISAT and FAQ developed strategies for the im­

plementation of the benchmark soils concept and BSP principles in a program of 

more comprehensive scope and wider geographical extent. 

The main impact of the BSP to date has been the creating of wide awareness 

and familiarity with the project and its philosophy, instigating support acti­

vities, and generating considerable momentum for the use of the benchmark con­

cept for agrotechnology transfer. 



II
 

E. CONCLUSIONS
 

With the overall success of the University of Puerto Rico project, the BSP
 

has begun to scientifically establish the validity of a soil family-based model
 

for agrotechnology transfer. The encouraging results of the present project are
 

expected to be reinforced by the findings of the ongoing project of the Univer­

sity of Hawaii which will be based on larger data sets from three different soil
 

families.
 

It is proposed that these results be utilized in a follow-up program and a
 

model for the anologue transfer of agrotechnology is presented in the report. A
 

logical culmination of Mzhe current BSP effort should be the establishment of a
 

prototype network of national and international agricultural research centers
 

designed to demonstrate the steady flow of agroproduction tech"nology from re­

search centers to farmer fields in the tropics and subtropics.
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II, THE PUERTO RICO BENCHMARK SOILS PROJECT 

A. PROJECT RATIONALE
 

I. GENERAL PERSPECTIVE 

Projections by FAO (1979) indicate that worldwide agricultural production 

will have to increase by 60 percent in the next 20 years to meet food require­

ments of future populations. About 70 percent of this increase will need to 

come from intensification of agriculture and the other 30 percent from an expan­

sion of arable land--as much as 200 million ha, mostly in the tropics. If the 

less developed countries (LDCs) are to increase per capita food availability by 

at least 1 percent per year, they need to expand their food production over the 

next 25 years by an average rate of about 3 to 4 percent per year and increases 

in yield need to average about 2.5 percent per year (US National. Research 

Council, 1977).
 

There are no fundamental reasons for these targets not to be met or for 

Malthusian scenarios. The world can feed its people and conceivably many more 

if Revelle's (1976) conjecture of a carrying capacity of the world of 40 billion 

people is not too optimistic. Distressingly, however, the performance so far 

has been less than reassuring. DudaL (1978) estimates that during the 20-year 

period ending in 1977 the area of cultivated land in the world increased by 

135 million hectares which corresponds to about 10 percent of the land resources 

still available for cultivation and to only about 9 percent of the 1and currently 

in agricultural use. Yet, in the same period the 1LId's population increased 

by 40 percent. The expansion of cultivted lands in the LCs in particular is 

far lagging behind that required by the increase in popilUation there. 

Rapid improvement of agricuItural pioductiv ity in LWCs, consistent with 

the required growth rates, impl-ies a transition from a natural resource-based 

agriculture to a science-based agrlicilture. To bring about this transition 

within a short period of time requires massive inputs of capital and research 

personnel. Many of the LO)s are small in size and poplIation, however, and in 
view of their limited experiment station capacity, an inelast ic supply of scien­

tific and tecinic almanpower, and a general lick of capitail, such nations cannot 

expect to generate by themselves the full range of scientific knowledge and 

. . . -- ,
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expertise needed to develop and sustain a viable agriculture. They rely on
 

assistance 	from external sources.
 

Transferring food production technology from the temperate climatic zone
 

to the tropics seemed a natural solution but has been largely ineffective and
 

discouraging. Principal among the reasons for the lack of success is the failure
 

to recognize the location specificity of agricultural technology which is con­

trolled mainly by differences in soil and climate. It is becoming increasingly
 

obvious that the technology for tropical agriculture must be developed primarily
 

in the tropics (Beinroth et al., 1980).
 

The knowledge base for a modern tropical agriculture is now gradually being
 

generated through the work of national and international agricultural research
 

centers. But the results of this research must also be disseminated. The
 

transfer of 	this knowledge and its adaption to local conditions is of crucial
 

importance to the agricultural and economic development is agrarian LDCs.
 

In the context of this perspective and on the basis of the rationales ela­

borated below, the Benchmark Soils Project contends that soil classification is
 

a suitable vehicle for and an essential element of the process of agrotechnology
 

transfer.
 

2. 	SIGNIFICANCE OF SOIL SURVEY AND CLASSIFICATION
 
TO AGROTECHNOLOGY TRANSFER
 

Soil classification provides pragmatic groupings of soils for precise pre­

dictions about soil behavior, and its most important application is in soil 

survey. Historically, soil surveys have been geared to the improvement of agri­

culture, and most LDC governments presently support soil survey activities be­

cause they believe soil surveys supply reliable and accurate information for 

agricultural development and soil-resource management. Soil. surveys, however, 

are only useful if they follow reasonable scientific standards and if they are 

interpreted for practical purposes. Such interpretations are predictions of 

soil behavior under stated conditions, which require the careful synthesis of 

many data In relation to soil qualities that are the result of thie interaction 

between soil characteristics, crop requirements, and management practices 

(Kellogg, 1961). Soil survey interpretation makes possiil e the most int~lisive 

use of soil. scienceby integrating knowledge from many other disciplines 

(Smith, 1965). 
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Many author itative statements can be found in the literature that allude 

to the fact that soil classification, in conjunction wi.th soil surveys, affords 

an effective basis for knowledge transfers. Smith (1965), for example, wrote: 

"We make the basic assumption that experience with a parti­

cular kind of soil in one place can he applied to that par­

tictular kind of soil wherever it exists if consideration is
 

taken of any climatic differences. The soil. survey acts as 

a bridge that lets us transfer the knowledge gained by re­

search or by the experience of cultivators from one place 

to all other places where it is applicable.'' 

Of the varions systems of soil classi.ication in use, Soil Taxonomy (Soil
 

Survey Staff, 1975) has the 
 greatest potential for land use appraisals because
 

it " .was cred to 
 support soil surveys and the interpretations of surveys 

that are requitred by otLh deve loping agr icIL ktre and adlvaniced farming" (Johnson, 

1980). tA le;Ittl(fniqt" e of Soil Taxononm is that it incorplorates cli mate in 

the de finit ion of soil ta.xla and tl s not only s-tratifies soils and clinate but 

implicit, lv al.;o tUhe tgroentironment . 'e lower cat ,egoriesof Soil Taxonomy 
,therefot'e con1 formti noi nt irv toi, t inct atgropr duct ion nicthen (Beitroth, 1980). 

Soil Taxoloit\ wits pthl l i';ied by tie USI)A Soil (tlns rvatt ion Service in 1975 

af t er 20 yea s of prtpaitt ion. It is an at ttl pt at a comlpreietnsive taxonomic 

classifia'at ion ol soil.s- ;ttd cons titte,s t he mo.s t e la:bo.rtt ;tnd ttost qlant tat ive 

s• e;tiu to Althti'tghdivtloptd daufte. bas icallv .'ntAmer ican system, Soil Taxonomy 

is grait ll y Ibeocoming t i t rnt.tt iotnillv .ticcv ptved classifi cation for scientific 

c0llitnttil ii t iott, aid illoto and more peif logi:ems , ptrt ic l,'l'ly in the Third World, 

are taliking to eachtothe in tu'tis of this svst em. It is also used , either in 

iotn of or patral l to, nlat io l :vsteln..s of so il cWla sificatl ion, notably in 

SoutiletI":sl .\sil ndti il t ott iln Amot rio;. 

L i Imost xl: tononi systtms, Soil 'lTaxton y is , mttltii letgoric .systemi. 

c,'ll' 'olV is ,anl a ,' ,,'tt of1 t; d, d finvtl at tbut tIt same level of atb­

st riot ion , wit 1h ' ;mi+ I ;t nuto tiet of c latsses in tle highest cat egory and the 

largest lgollniitub it llectie I ~wt.:t t optf('l . IllI order, r-eif r-t' l.'lank, thl.ese tat 

golies aIt' o tt'lr , !;tliotl tl , ,i'it g',I'tllp, :l 'tgrolli ft llilv, aitd :-,t ics.' As is 

tr te with I lI till i it ' t!'o ivl' st Itui , ]'O l Opll ' ion :t s;. et.d witt e Ias:stt 

aitc llltlt e I I ll theit h i ',it' r ;nl mti' tb.'s- tt 'l t ,oat e rives down Io th , lower ctaL.e­

got i . 
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The soil family constitutes a condensed scientific statement that integrates
 

the knowledge about a narrowly defined group of soils and their environment.
 

Soil families are, within a given subgroup, differentiated primarily on the basis
 

of soil characteristics that provide classes having relative homogeneity in pro­

perties important to plant growth and that are indicative of soil-water-root re­

lationships. Soils classified in the same family should, therefore, have nearly
 

the same management requirements, a common response to cultural practices, and
 

a similar potential for crop production.
 

B. PROJECT HYPOTHESISj OBoECTIVES AND SCOPE
 

1. TRANSFER HYPOTHESIS
 

Soil Taxonomy (p. 80) states that "the responses of comparable phases of
 

all soils in a family are nearly enough the same to meet most of our needs for
 

practical inte rpretat ions of' such responses." The basic hypothesis underlying 

tie Benchmark Soils Project is derived from this statement and is that comparable 

phases of .111 ;soil.s of a family have a common and predictable response to manage­

ment practices, correliative iluut -output characteristics, and similar crop pro­

diict ion potenti.al. As a consequence, empirical agroproduction experience gained 

witi a soil of ' piirt icuIlar family can be transfer red and extrapolated to all. 

other comiparable ineinbers of that family, irrespective of their geographic occur­

rence. 

This thesis is cearly based on a model. of analogous reasoning. In ana­

logue transfers an attempt i.s made to stratify the agroenvironment with suffi­

cient prec isinn to ensure successful transfer of technology (Swindale, 1,980). 

Anal.ogou , areas are determined and identified by taxa of Soil Taxonomy which 

stratify botLh soils and cl imate. Basic to tlhi.s model i., tie benchmark soils 

concept developed by Kel logg (1961.). More recenitly Miller and Nichols (1980) 

defined a benchmark soil as a soil occupying a keNy initerpretati ve position in a 

sa);] classificat ion framework ad/or covering a large area. It is considered a 

representative reterence site fr'om which research results can be transferred or 

extrapolated to other sites with similar properties. 

http:potenti.al
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2. OBJECTIVES
 

The basic objective of the Benchmark Soils Project of the University of
 
Puerto Rico was to experimentally validate the stated project hypothesis and
 

the benchmark soils concept. 
 No such effort has previously been undertaken in
 
the tropics. fhe primary research objectives of the project therefore were:
 

1. 	To demonstrate that soil management and crop production knowledge
 
can be transferred among tropical countries on the basis of soil
 

families as d2fined in Soil Taxonomy, and
 

2. 	To establish that the behavior of tropical soils and their
 

potential for food production under various levels of manage­

ment inputs can be predicted from soil taxonomic units.
 

Implicit in these objectives are the substantiation of the value of soil
 
survey and classification for land use planning and the testing of the validity
 

of established taxonomic criteria. 
A secondary objective was to expand the
 
knowledge base for the management of a family of tropical soils (Tropeptic
 

Eutrustox) in particular ccnsideration of the economic decision environment of
 

small farmers in LDCs.
 

3. PROJECT SCOPE 

The 	scope of the project was to test an approach to agrotechnology transfer
 

that can be used in "horizontal transfers," i.e. , knowledge transfers among 

researchers at a scientific level. Such knowledge and experience has been 

referred to as "pstream" technology which involves prototype sol it ions gene­

rated by commodit y or disci-p1ine ori ented research1i at national and international 

agr-iculturnliesea-ch centers (Gi, bert et a . , 1.980). The process oF adapting 

this know] ,o.' to :pec ific 1.ocal f;irm situations and its int epration into 

existing itruuns;'st-cins imaixbe terned "vertical transfeirs'" Ind involves "down.­

strem'" rese irch and diffusion. 

-t is real ized that both edelnents are of equally cri.tical Lmportance to the 

ult imate success; ) f ag rot clhno,,1 oY t -ransfer. The pro-ject, however, was concerned 

primariiv with and focused on a methodol.ogy for horizontal transfer.;. Research 
in the area of vert tcal transfer as wel] as the actual transfer of agrotech­

nology were by design beyond the terms of reference of the present project. 



19
 

Dr. F. It. Beinroth, Professor of Soil Science, served as Principal Investigator. 

Over the years, 18 professionals, 8 nonprofessionals and a varying number of 

field laborers were engaged in project activities (see Project Personnel in the 

Appendix). Dr. T. S. Gill monitored the project on behalf of AID with competence 

and efficacy. 

UPR's work in Brazil depended heavily on the superb cooperation of the 

Empresa de Pesquisa Agropecufria de Minas Gerais, EPAMIG. This agency is a 

dependency of the Ministry of Agriculture of the State of Minas Gerais and is 

in charge of all agricultural research in the state. Tt is also affiliated with 

EMBRAPA, the national research organization for agriculture. EPAMIG's first 

president, Dr. Helvecio Mattana Saturnino, was an enthusiastic supporter of the 

BSP. Since 1980 Dr. Flamarion Ferreira has presided over EPAMIG and continued 

the excellent collaboration. A memorandum of agreement between UPR and EPAMIG 

which detailed UPR's involvement and responsibilities in Brazil and specified 

EPAMIG's technical and administrative contributions became effective in January 

1976. 

Major milestone events of the UPR/BSP were: 

Mar 1973 Project proposal submitted to AID 
May 1974 Workshop on experimental design in Honolulu, Hawaii 
Jan 1975 UPK contract becomes effective 
Jul 1975 Field work started in Puerto Rico 
Aug 1976 First joint BSP coordination meeting in Puerto Rico 
Oct 1.976 Field work started in Minas (;erais, Brazil 
Feb 1977 Project review 
Aug 1977 Second jaint: ISP coordination meeting in the Philippines 
Jan 1978 Tlree-year extension of UPIR contract becomes effective 
Oct 1978 Workshop on implicat ions o f agrotechnology trainsferenc'e 

restac-h at ICRISAT, Hyderabad, India 
Mar 1980 ASP pineI 'on:;n Ition oni trate'.cy foir I and eWal.aLion 

aim .r *t.lic'tolcy transfir at FAO, Rome, Ituair 
Dec 198 I i dc workl c' ,'luded 
,Jan 9-1,-)1 tIn-Ver ext epns-on of tIN centri ct becomes effeet ive 
Feb 9XI ASI ;>mnp -iin i I ; c ,nturenc , on soils with variahble 

'herq at lalatist on NoiLhI, New Zen~liid 
Ie 
Feb 

1981 
19)82_ 

Ir' 
P"' 

cont I 
s l iin. l 

I Iiin na p; 
rup rl!pn',l i.shod ;Nnd dli.sseminalted 
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D. RESEARCH NETWORK
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In theory, locations for field experimentation should be randomly selected
 

from all the units of the population of soils comprised in the stated soil
 

family. In the project, however, random sampling was not feasible, primarily
 

because only a limited number of countries could be involved and because of
 

political and logistic considerations. On the basis of preliminary investiga­

tions involving literature surveys and consultations, the search was concentrated
 

on Brazil, Colombia, the Dominican Republic, Jamaica and Venezuela.
 

In spite of extensive field and laboratory studies, the desired family of
 

Eutrustox could only be identified in the northern part of the state of Minas
 
1 

Gerais in Brazil. Other potential locations had to be eliminated because the
 

soils failed to meet the specific family criteria or because of adverse logistic
 

conditions. Experiment sites were, therefore, established in Puerto Rico and
 

in Brazil.
 

2. RESEARCH SITES
 

Statistical considerations evinced the need to have a minimum of eight
 

research sites per soil family. For the family of Tropeptic Eutrustox, three
 

sites each were established in Puerto Rico and Brazil; two sites are operated
 

by UH on Oahu and Mo lokai in lHawaii.
 

In Puerto Rio', one primarv site ("Ramal" of 3 ha an one secondar site 2 

("Cerro") of 2 ha were jasLalled in 1975 ' the grounds of the Isahela Agricul­

tural Experiment Station of UPR. 'lhis 120-bertar' research station is located 

in Lhe northwest rnci or nenc of Puert.o Rico and was founded iin 1928 to serve tie 

Isabela Irii t ion list rict. An alddi iionial soc'indirv site ("ol'r ") of 2 la 

was es ltabl oi 't Iiarm i bi t 8 kin West ol- lhe other sites. Theishwil( pr Ivi 

Pue r to Ric(0 Sitcs Wo,re NISt l lounci il tit tel ' 18'' 28'N and longitude 670 (3'W 

at an ci tvci tion of hout it)iD m above sci level. 

Iii Ii1"il i1, one primarc s iloc ( la ) and two Hc induirv sit es ("lBah l'ia'andr n!"' i o' 

'Ciai-l'') Worcet ih ieished in 1976 anl I977 ii An arera d jacentt to ItitSa Frn ­

cis' c iei iin nor1ith'rn as c .i.s known is the trito' Agro- iud iist riaI d cM iin 1h "s)1 

,Jaiha." Tlis 300)(),()(t)-hi'ct~i c 'heme was rte't'l Iv lnd'lci i' l ,inI is oi buin,i0w 


aWea rt 'cc li l I o M1r. N. Cciii rgo of Si' ... for his excellenii cooperc ation- /EIKMBRAIA 


in dent if-ving tlis mite.
 

For the distinct ion between priinary and secon iry sites, see Section 1II.
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opened for colonization by small farmers. The BSI) sites were thus well located 

from the point of view of local impact and utilization. rie primary site near 

Jaiba comprised 6 ha and was on a new experiment farm of the project's coopera­

ting agency, EPAMIG. The two secondary sites of 3 ha each were set up on private 

land at distances of 3.5 and 5 km northwest of the primary site. The Brazil 

sites were located at or near latitude 150 23' S and longitude 43' 46' W at an 

levation of approximately 500 m above sea level. 

At all three locations the infrastructure for experimentation had to be 

developed by the project, including the drilling of three 60-m-deep water wells. 

Upon project termination, the BSP field, laboratory and office facilities were 

turned over to EPAMIG and are now used and maintained by that agency. 

The Puerto Rico project thus operated six sites. Together with the two 

sites of the Hawaii project, the BSP Eutrustox network includes eight sites in 

three widely separated regions -- Oceania, South America and the Caribbean. 

U it') t i CCI, 1 1-t 1io ,ltI 

1 i r ioul I . i ,.i 


, ,.
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3. SOILS
 

The clayey, kaoiinitic, isohyperthermic family of Tropeptic Eutrustox 

belong to the group of soils that has been call-ed Laterites, SoLs Ferrallitiques 

and Latosols in recent years and is now referred to as Oxisols in Soil Taxonomy. 

Eutrustox are well-drained and usuall red clay soils occurring under savanna 

or deciduous forest vegetation in subliumid tropical regions, normally on basic 

parent materials. They are strongly weaLhered soils that are slightly acid to 

neutral, have an appreciable supply of bases, and moderate to high base satura­

tion in the subsoil. Among thei r adverse properties are a limited water holding 

capacity, a tendency to compact when cul.tivated with heavy equipment, and mode­

rate ph phorus deficiency. Their main constraint for crop production is insuf­

ficient soil moisture in more than three months per year. Although not the most 

common kind of Oxisols, EutrustoX are extensive in tropical South America and 

Africa. They represent important soil resources preferred for immediate develop­

ment over other Oxisols on account of their inherent productivity. 

The main diagnostic features of Eutrustox are the oxic horizon and the ustic 

soil mositure regime as defined in Soil Taxonomy. The oxic horizon is a highly 

weathered subsoil horizon that consists mostly of a fine-textured mixture of 

oxides of iron and aluminum and low activity clays resulting in a cation exchange 

capacity of less than L6 meq per 100 g of clay. There are no or only traces of 

minerals that could I eather to release bases. The ustic soil moisture regime 

implies that the moisture control section of these soils is dry in some or all 

parts for 90 or more cumulative days in most years, but it is moist in some part 

for 180 cumulative (lays or continuously moist in some part for 90 consecutive 

days. The concept of the ustic soil moisture regime thus is one of limited mois­

ture that, for the tropics, is typified in a monsoon climate which has at least 

one rainy season of three months or more. 

Further properties which clayey, kaolinitic, isohyperthermic Tropeptic
 

Eutrustox by definition must have include: less than 16 kg of organic carbon in
 

the surface cubic meter; a base saturation of more than 50 percent in the major
 

part of the oxic horizon; a moderate degree of soil structure in the oxic horizon
 

or a depth of less than 125 cm, or both; more than 35 percent clay; more than 50 

percent kaolinite and less than 10 percent montmotlllonite in the clay fraction; 

a mean annual soil temperature of 22°C or more with less than 5°C difference 

between mean summer and mean winter temperature; and a depth of more than 1 in. 

The covariant and accessory properties associated with the defined characteris­

tics have been discussed by Beinroth (1981).
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Prof i Ie desc r i pt ions ;and ana 1yL ica I dat a for one representaLive pedon ea ch 

from the BSI' experi lient sites in fsabela, l'uerto Rico, and Jaiba , Brazil, are 

presented in the Appenldix. As the dIata show, these airticu lnar Eutrnstox have 

high clay contentVs t1hroughout (53-817), a low cat:ion exchange capalcity of 7.5 

tc 14.9 meq per 100 k, ogf cly in the subsoil, a base satti ration of tip to 86 per­

cent, phI vaInes rang in roi/ / .5 to 6.5, sinall nmcin ts of extIrctabie hases in 

the subSo iI (I . 8-0. 9 mcq/iO0 g soil ) and rather h igh amounts o orgai c carbon 

(I .1-3.1I/%) in the surface soil. 

it hin ieth L init s permit te(d by the def init ion of c.aye N, kaolin it ic , iso­

hype r t I cm i f ropeptVi Li Crustox, there is obviously some dIiversity among tile 

so i is of the SI' !sites in Puerto Rico aLd L razi I . They vary', for exapIl) e, in 

percentLge base sat,;rt (ion, c'Iav content, coICr, degroe Of soil StltLtLre, orgl­

11Cz II,matter otent in the stir face ho-i I and t in other nn-c assi V ica ona I 

patI -l iui-t (c-rs'. These dif ft-ences and variabi I i.ty notwi thst-and ing, the soils at all 
,
of the si, l /l'R/S ier int sit:es belong, to the same soil lami Iv ind ill. have 

the Some npc.1, ;- , 

,'-hilever, ill ;ade :liled soil sourvev' hv the IJSIDA Sol1 Conserv:it ion Service 

(1975) t t tlir, , er o sites art- ClcII in ellOsaIme 11,1p1q utnlit. ,inll-I , -t: Rij co 

IarIl , tlhe ;,oI -I rVe,' of tlie JaIha ailre i.nBrazl'i ( EMB 1AIPA/IFI'., .ItG / R'IRAI.M INAS 
1()70) ct-;no( iif , 'in i att, tile ,;soils at PSI' sit.es . I tijt! 'l R ice and 

tira; i I I:t: O;o vl t huowe\,'', so1iC woI be as!;ite< ic citi-Fi in LC ion , he l s Id iappl ed 

Lw( d i I I cen sc, o0 tie ' oi hi i s t 1c en ceo i n cO fot- .I i Saome_, laien i I . he , I I-

;t rilc f irt :i St)h1(un1I dept h. In a d I t ito to tlilt le e ,< , l l Ilrt o It f lC ' tahov I il­

tormt11 ;1 ml tiii sIoI l, of the tSI' nct ,o ha:;ik bee prov ided Iv, I kw,1 (1979) and 

B lil rot i (197_1 ) . 

I: 4.. ' 
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4. CLIMATE 

The climate at Isabela, Puerto Rico is of the Thornthwaite type B/CA'r-­

subhumid transitional to humid, tropical. At Jaiba, Brazil the type is C/B'w-­

subhumid transitional to humid, tropical, dry winters. According to 42-year
 

records mean annual precipitation at Isabela is 1,657 mm, the mean annual air
 

temperature 24.8'C and the mean annual evaporation 1,735 mm. During the time of
 

BSP work at Isabela the weather was somewhat drier and cooler, however, with
 

annual precipitation averaging 1,530 mm and a mean annual temperature of 24.0°C.
 

Thirty-year records available for Januarnia, located about 40 km west of Jaiba,
 

indicate a mean annual rainfall of 875 mm, a mean annual air temperature of
 

24.4C and a mean annual evaporation of 1,354 mm. At the BSP sites at Jaiba
 

corresponding values of 1,010 mm and 23.5°C were recorded over a 4-year period.
 

Mean monthly precipitation and air temperatures for Isabela and Jaiba are
 

shown in the graphs in Fig. 2. (More detailed weather data are presented in
 

the Appendix.) It is obvious that the two locations have different rainfall
 

patterns. Whereas in Jaiba there occurs a pronounced dry season in the winter
 

months of June, July and August, seasonality at Isabela is less distinct and
 

the amount if rainfall in any given year is subject to much greater variability.
 

This reflects a maritime climate in Puerto Rico versus a continental climate in
 

Brazil.
 

Mean monthly air temperatures are rather uniform throughout the year at
 

both Isabela and Jaiba. The range between mean monthly minimum and maximum
 

temperature, however, is considerable. At Jaiba a mean minimum temperature of
 

10'C was recorded for the months of June and July and mean maximum temperatures
 

of 33°C for the months of March, September and October. At Isabela, December,
 

January and February had the lowest mean temperature (17'C) and August and
 

September the highest (31C).
 

Mean solar radiation at Jaiba was 157,800 langleys/year and ranged from
 

366 langleys/day in June to 505 langleys/day in March. At Isabela a yearly mean 

of 151,200 langleys was registered with the lowest radiation in January (329 

langleys/day) and the highest (473 langleys/day) in June. 

From a soil taxonomic point of view, the BSP sites in Puerto Rico and Brazil 

have an isohyperthermic soiL temperature regime. (Under a proposed revision of 

the soil temperature regimes, both locations would have an "isomegathermic" 

regime.) The soil moisture regime is typically ustic at Jaiba and marginally 
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ustic at Isabela. A computer analysis of the weather data for Isabela revealed
 

the presence of a udic soil moisture in some years but it was ustic in 
the majo­
rity of years. It appears that the present definition of the ustic soil moisture
 
regime is 
too broad to allow meaningful agricultural interpretations. 
 The intro­
duction of a "udi-ustic" regime has therefore been considered. The evidence 

accrued by the BSP strongly supports this proposal. 
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Fig. 2. Mean monthly precipitation and air temperature for
 
Januaria near Jaiba, Brazil (1931-1960) and Isabela,
 
Puerto Rico (1930-1971)
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Il1, THE TEST OF THE TRANSFER HYPOTHESIS
 

A. AGRONOMIC DATA BASE
 

1. GENERAL
 

In the project design distinctions were made between two types of experiment
 

sites, designated primary and secondary sites, and three kinds of experiments
 

referred to as transfer experiments, variety trials and management experiments.
 

Prim,:y sLtes were experiment locations where all three kinds of experiments 

were conducted and which were completely instrumented for the collection of per­

tinent weather data. Secondary sites were locations where mainly transfer expe­

riments were conducted and which had fewer weather instruments.
 

Transfer experiments were soil fertility trials specifically designed to 

generate the data base required for the statistical evaluation of the transfer 

hypothesis. A total of 81 such experiments, 44 in Puerto Rico and 37 in Brazil, 

were conducted according to the schedule contained in the Appendix. (Variety 

trials and management experiments are discussed in Section IV.) 

Originally maize and soybeans were selected as testcrops with phosphorus 

and potassium as the two treatmept When early transfervariables. experiments 

showed little or no response to added potassium, nitrogen was substituted for 

potassium and logically soybeans, being a legume, were eliminated. Since 1977 

maize was the only testcrop and phosphorus and nitrogen the standard treatment 

variables in all transfer experiments. 

Maize is particularly well suited as an indicator crop as it is highly res­

ponsive to phosphorus and nitrogen. It is, moreover, the most important food 
crop in Latin America where 25.6 million ha are cultivated to maize. This area 

represents 47.4 percent of the maize-producing areas in the LDCs and-about 17 

percent of the world area (Wortman and Cummings, 1978). 
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2. EXPERIMENT DESIGN
 

The strategy for testing the project hypothesis consisted basically of con­

ducting a series of well-controlled and identical experiments in soils belonging
 

to the same soil family, monitoring weather and crop performance, and statis­

tically analyzing the yield data.
 

To guide and assist the BSP in the development of an appropriate research 

design and methodology, a Workshop on Experimental Designs for Predicting Crop 

Productivity with Environmental and Economic Inputs was organized by the Univer­

sity of Hawaii and held in Honolulu in May 1974 with financial support from AID. 

The recommendations of the workshop wire summarized by Silva and Beinroth (1975) 

and the papers presented have been published (Silva, 1981). 

in concurrence with the workshop recommendations, the experimental design 

used for transfer experiments was a randomized complete block with 16 treatments 

randomized within each block. There were three blocks in all transfer experi­

ments except for B-19, B-20 and B-2i which had four. The first 13 treatments 

were according to Escobar's modified 52 partial factorial described by Laird and 

Turrent (1981). As shown in Fig. 3, this design has 13 of the 25 possible com­

binations of the five .evels of each of the two factors. It covers the design 

space well, thus allowing the fitting of a second order response surface from a 

limited number of t atments. Cady and Laird (1973) reported that this parti­

cular design appeared to b, superior to some other designs which they studied in 

terms of bias error and :patial characteristics. 

Phosphorus (coded value) 

+1 +0.85 +0.40 0 -0.40 -0.85 -1 

+0.85 IN 

2 MO+0I0N 
Fig. 3. Trpatment desi qn for the 5 0 

part ial arsO.] mllodri r-i.a­

ton yl t.n;hc'nhar is tu. r T t:h °°o 
." 0 - - . - Ii 

two- facato~r transfc eXp e,-i ­

men tso
 

2 -0.40 U
 

-0.85 
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Transfer experiment treatment variables were levels of phosphorus (P) and
 

nitrogen (N). Coded values of the two factors for the 13 treatment combinations
 

are shown in Table I. These were the vectors used to obtain the linear coeffi­

cients when fitting response surfaces by individual experiments. Three other
 

treatments, which were controls, were also randomized in with those 13 treat­

ments. As the example values in Table I illustrate, both P and N levels were 

calculated from a midpoint vllue to 40% and S57 higher and lower than this value.
 

The actual amounts of P appiie:I for an experiment were based on phosphate sorp­

tion curves determined from soil samples taken from each experiment. The amounts
 

of N applied were determined from earlier field trials and were the same for all
 

experiments.
 

Table 1. Example of treatments used for transfer experiments 

Phosphorums Nit rogen 
Coded,/ Aplied P2/ Coded]j Applied N2 
Level- (kg/ha) - Level-- (kg/ha) ­

-.85 3.2 -.85 29 
-.85 3.2 +.85 186 
+.85 38.9 -.85 29 
+.85 38.9 +.85 186 
-.40 12.6 -.40 71 
-.40 12.6 +.40 144 
+.40 29.4 -.40 71
 
+.40 29.4 +.40 144
 

0 21.0 0 108
 
-.85 3.2 
 0 108
 
+.85 38.9 
 0 108
 

0 21. 0 -.85 29
 
0 21.0 +.85 186 

partial control 0.0 ---- 0.0 
N control 28.8 ---- 0.0 
P control 0.0 0 108 

1/ Coded levels are the midpoint (0) for each nutrient, and + .40 and .85
 
x midpoint values.
 

2_/Example values for applied P were for a specific experiment, B-56, and 
based on phosphate sorption isotherms. Treatment levels of N, based
 
on earlier field trials, were uniform for all experiments.
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A trick'le it-ri gation syst em was instl ed for each experiment tusL ig Chap 

3 mil bi-wall _tlbiing with Oti I et spaceid alt 20 cm. Tl[ns ometiers were install­

in 1)1 ot with iijuternrt'liate tr- i in levels at depths of 1 5il ) d 3o cm as 

guitde fo&ir sch' L i Soil was at or neardlie i i-rigitinLs. moi stire main ta iniied 

optimum levels not iui the mai zu i',tliced maturi ty (black layer formation). 

Iwo seeds were sown abou t 3 cmii deep in holes un i forl' V spa'ced at 23 em 

with I rows /5 cill:il. tie u maize stand was subsequent I ythinuied to one 

plant per hill ,r appro>:imitlv 58,n()o plants/hi. During the growth of the 

iil;izZe , inse cts ;ind diseases wert-e conl' lled isIilng a pp ropria-te pus L ic i ces. 

Weeds were co t rol Iled bothI manlai \, and with her icides. 

A six meto.ipoit Hl meter from hi of the two cenLiter rows ofo (1 ii each end) 

maizut .e1 Iiirvestpd i' ii cfr lim plot. Yield cI mponenLs mneasuirednfor each plot 

inc luided eatr wc.i'sitl, ear leiigtsi, pcentL seed mo(isturte, 100-seed weight, 

gra in weight .And dry stover wei ght. Plant couints, ldgling liC't'eftL~gt, ind 

tat co'un tsec- also I) ngiri the exper imen t , I(0-daia and mati-e pl1ant:wee made. 

hei tht.s, days to 50 percent lasseling, 50 percent silking, and hlal(k lavet 

frtlt ion were recorded. 

An init egral pat o f all tiansfer experimentation was the collecting 

arid p)itccc'ss-c.i "I wcatther data. These dat were or importanc to the sta-

List icNI i ahsiu\'set, ail for the ion' initorinug ,ad management of expe­doic' each 

ti-iient,l. The climatoloica 11l i ii s trcincl_ tiatton of the IS t field ,s it es was 

aeccourling to lie standards Anidcpniu(occi/is otliied by the US Nat jia aI 

Wea ther Service, IPrimary si Luts weic accorded a fIll coniliement of weather 

I-'N 

L --v 

. ...........
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instruments. Each of these sites contained a fenced climatological station 

with a standard instrument shelter and instrumentation for recording conti­

nuous ambient a ir temperature and relative humidity, cumulative daily solar 

radijation, maxnimum and minimum soil temperatures at 5 and 50 cm depth, wind 

run, precipitation, and pan evaporation on a daily basis. The secondary 

sites contained somewhat less exLensive weather instrumentation, generally 

an instrument shelter witLh equipment for measuring maximum and m nimum air 

temperatures, cumulative solar radiation, and precipitation. 

l're-plant soil samples or each initial tlransfer experiment consisted 

of 1 to 3 composi.tv samples derived from many random sulhsamples taken from 

the blocks at 0-}5 cm depth. These pre-pi lant samples were air-dried and 
sent to the laborato ry. After crop ha rvest, hut before preparations for 

conducting N residual transfer study on the same site, post-harvest soil 

samples were collected. Four soil subsampies from each plot were compo­

sited to form a plot sample, thus 48 post-harvest plot samplas were sub­

mitted for anal vsis for each experinent. These post-harvest initial 

transfer expercint. soil samples also served as prc-plant samples for the
 

residual stud ies immediateIv fol lowing,them. 

The pre-plant and post-harvest samples were analyzed for P following 

a modified Truog metuhod and P-:sotherms were determined. In addition these 

and other soil s)fmples "erc anal.yzed for nitrogen, bases, cation exchange 

capacity, and pll. 

A complete record of all weather and soil data, crop phenology mea­

surements, plot by plot yield data, and other field observations is on 

file at U'PR. 'Thece dat, are ex:pected to he used and scrutinized in the 

preparation of relevant Lechnicala p tes. 

-'4 Mairco Torres records 
low weath r data at Jaba, 

Brzi1 
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4. RESULTS OF TRANSFER EXPERIMENTS 

Yield data, amounts of phosphorus and nitrogen applied and an analysis of
 

variance for each transfer experiment are reported in the Appendix Tables 2, 3
 

and 4.
 

These data show that from an agronomic and soil fertility point of view the 

soils at the BSP sites at Jaiba, Brazil, and Isabela, Puerto Rico, differed in 

that the Jaiba soils responded primarily to phosphorus and the Isabela soils to 

nitrogen. This difference in behavio.r is attributed to the past history of the 

experiment sites. Whereas the ibabeia sites, located on an experiment station, 

had been cultivated and fertilized for more than 50 years, the Jaiba sites were 

cultivated for the first time. 

Consequently, applied P was more effective in Brazil than in Puerto Rico and 

resulted in significant yield increases in 3L out of 34 transfer experiments, with
 

significance at the 0.01 level in 30 trials. By contrast, only 4 out of 32 trans­

fer experiments in Puerto Rico had significant positive yield responses to P.
 

Nine trials in Brazil and one in Puerto Rico showed significant quadratic response 

to P, but most P response curves were linear. This suggests that the highest P 

treatment level may not have been sufficient to obtain maximum yield. 

For the highest level of P (+.85) applied, the mean actual rate over all P 

x N transfer experiments was 36.1 kg/ha in Brazil. The mean yields of the P-con­

trol and +.85 P plots are reported in Table 2 and show a gain of 3,384 kg/ha of 

maize grain in initial transfer trials with the higher rates of applied P. The 

subse, 'ent residual trials, in which no further P was applied, produced another 

1,683 kg/ha gain. Combining the initial and residual experiment values results 

in a total mean yield increase of 5,067 kg/ha for two crops of maize with a mean 

rate of 36.1 kg P/ha applied to the first planting only. If a linear relation is 

assumed, this would represent a return of 140 kg of grain per kg of P applied. 

On the othur hand , in Puerto Rico there was essentially no grain yield return for 

the phosphate investment. 

Availahle soil nitrogen at the Brazil sites was generally sufficient; only 7 

out of 34 experiments showed significant yield gains with applied N. Over aL P 

x N transfer trials in Brazil there was no mean yield increase with N applied at 

the highest coded level (+.85) or a rate of 175 kg/ha. 
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Table 2. Mean maize grain yields for selected treatments of 66 initial and
 

residual transfer experiments at Jaiba, Brazil and Isabela, Puerto Rico
 

Partial N Optimum P Optimum
 

Control P-control P+.85 N-control N+.85
 

kg/ha
 

Brazil
 

Initial 3296 3597 6981 6257 620
 

Residual 3031 3325 0008 4548 4251
 

Puerto Rico
 
Initial 5084 6197 6388 5031 6436
 
Residual 2468 5660 5532 2247 6521
 

Partial control = no applied P and no applied N
 

P-control = no applied P
 
N-control = no applied N
 

In Puerto Rico, response to applied N was significant in 20 out of 32 trans­

fer trials. Pt optimum P levels the +.85 coded level of N, equivalent to a rate
 

of 175 kg/ha, produced mean yield gains over all experiments of 1,405 and 4,274
 

kg/ha for initial and resuidual experiments., respectively. Nitrogen was applied
 

at the same treatment Iave.s to both plantings of maize; but the plots receiving 

no N produced even ie.s;s in the second planting, hence the greater return for N 

applied to the residual trials. Assuming a linear relation, a mean increase of 

8.0 and 24.4 kg/ha of grain was produced per kg of N applied to initial and
 

residual exper ments. ' x N interaction was significant in only 3 of the 36
 

transfer experiments conducted in Brazil and Puerto Rico. Only one of these
 

(B-57) showed significance at the 0.01 level of probability.
 

Residual experiments generally produced lower mean grain yields than did the 

initial t:r-ial.; an e.c:ept1in to this occurred with the N +.85 treatment in Puerto 

Rico (Tabl. .). For residual trialK in Puerto Rico partia] control and N-wontrol 

treatmpent mean ,ie!Js wero onlv U'hlf n! those for initial experimnnts, suggesting 

a very rapid epleL ion of itirogen with cropping at Isabela. This also occurred 

in Brazil but npparentlv did not result in the same low soil levels as in Puerto 

Rico.
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Mean yields over all initial transfer experiments, however, were similar fo
 

the Brazil and Puerto Rico sites when optimal or highqr levels of both nutrients
 

were applied. In Brazil the mean yields for the optimal or higher P and N treat
 

ments ranged from 6,209 to 6,981 kg/ha with corresponding Puerto Rico mean yield
 

falling within this range.
 

The highest maize grain yield o all transfer trials in Puerto Rico was
 

11,515 kg/ha with the Pioneer brand hybrid X306B in experiment PR-3. For that 

experiment the overall mean was also high, 10,223 kg/ha. Subsequent high yields 

in Puerto Rico have been 9,391 and 9,020 kg/ha with X304C in experiments PR-21 

and 59. These maize yields compare favorably with those previously recorded at 

Isabela by Cornell University, the USDA Agricultural Research Service and the 

UPR Experiment Station. Researchers from these institutions obtained maximum 

yields of 5,1.00 kg/ha (Fox et a., 1974), 5,975 kg/ha (Sotomayor-Rios, 1979) and 

8,237 kg/ha (Badillo Feliciano et al., 1979). The highest mean yield in Brazil 

was 9,192 kg/ha with X304C in experiment B43. 

These are excel lent yields for the tropics. They were achieved with rela­

tively low fertilizer inputs which clearly demonstrates the high potential of 

Eutrustox for maize production, particularly if one considers that with irriga­

tLon at least two crops can be grown in the same year. 

~A 

* ~ a 4~c 

-

ctrlttd.tY~ Ar ,lv,X' TWO/, 7A.,i t 	 t, 

The dfr iurt lcp in mdiL)aqnvj in;c/ wit aappl 

cation (A') is;	s;t~zi!:ir in this transfo:' axperimn t: 
corjdz(. rd L la , Br:.z ii 
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B. STATISTICAL EVALUATION
 

1. INTRODUCTION
 

The general aim of the Benchmark Soils Project was to study agrotechnology
 

transfer. For statistical purposes, however, it was necessary to delimit the
 

problem to one important aspect of agrotechnology. Fertilization, particularly
 

with phosphorus, was chosen as the technology and its transferability was 

studied. Statistical techniques were developed to evaluate the conjecture that
 

experimental fertilizer response results are transferable from one site to 

another site within the same soil family. 

Under a subcontract from the IJPR/BSP, the Department of Statistics of the
 

University of Kentucky conducted theoretical studies that were useful in devel­
oping statistical techniques for the evaluation of ag-rotechnology transfer.1 

The quantitative relationships evaluated in the evaluation of transfer are 

shown in Fig. 4. The soil and long-term climate are assumed to be constant 

within a soil family. But nutrient levels may vary, in part due to past soil 

fertilization, and can affect P and N response considerably. Also, weather in a 
given season can deviate from long-term climatic expectations. These variables 

cannot be controlled but they have been measured. 

2. DATA USED IN TRANSFER ANALYSES
 

a. Yield Data
 

Careful study of the yield response data obtained from the initial and resi­

dual transfer experiments was made experiment by experiment. These studies'were 

carried out together with the project agronomists who conducted the field oper­

ations. In general, experiments which had coefficients of variation giearer 

than 20 percent were eliminated from the set used for the transfer analysis. If 
there was some question in the mind of the agronomists about the validity of the 

data from an experiment, it was also eliminated. Experiments in which no 

response to either P or N was obtained were omitted. 

iAllen, David M. and David C. Jordan, 1980. The use of prier information for
 
prediction. Unpublished mimeo. University of Kentucky.
 



Constants Uncontrolled Controlled 
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Fig. 4 Diagrami showing experimental scheme as well as predictive model aspects of the statistical 
approach. 
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After the ca reful sttidy of the field data and elimuination of quesLionab le 

experfmenLs, a set of 31 experimuents :tiami.ned for tlh _ t rans fer analysis These 

exl)rimieonts, l isted in Tabli 3, include 18 fromi Bra;: and 13 from Puerto M,.o. 

They span thie perioud from 1977 to 1980. Once lhis cransfur set was stnablished, 

experi munt were n,t t tl , lted from thv set even after initial results from Lranus­

fur analvses w.re ' a i lb lio. 

No aLLtempt was ma de to incl ]ude tras;fer ad r-sidu ] transfLer experinments 

in the sate tantalysis hI u UP:-;tlevels of the violds wore so different and the 

coefficients ot vatri ation Wuru also high'Ier fur the residual transFer experiments. 

Consequ-ntly, in tort'st r01tOl ti, )rdlvitr, iI y on thu Lramnsfur experiments. 

ai. yi.l. (I'th ;it'tanF,,cd by L.c;tralt nt lour selected lretinOnts of Ie inaze 

tratnsfe expuri.mots arlo rOJ)onled ini Apptndix 'M'i;hes 2a and 2b. 'Troatulnt m>ans, 

P main c oFot moans, and N ma in u f Fot moans, are repo:ted in Append ix Tables 3a, 

3b, Jo, and [3d. P maln t Iut metuans sitlinrize toits t of the ruspunso information 

for IBrazi 1 expr ni wheureas ei-fect means summarize Puerto Ricolntls N min the 

infouhrma tion . 'Tiertie was n o arlCtion b)e tweoen conttry ani season. 

Sumtary ;t;it istics; IrmL tihe F ittinnof a scond order response surface fur 

each uxpcrLm.nt aro rt'eprttid in Appnidi x Table 4. In general , this surface Fits 

d aLa in in, t l Irlm; I -i 'lri i iht f "r t , t I aid I'tio'I'lt) 'tt wK I .Pz .ir H urto 

Thu t razi I o;.:pr eiment moans rangeld f-ri I ,721t to 7,115 kg/ha. The coeffi­

cients of vari.atiojn for thtose experimnents ranged from 10.8 to 43.9 percent. 

For Piuurto Rico, the expoerinent means ranged from J,952 to 8,330 kg/ha. The 

coefLicLnts o f variat ion for these experiments ranged from 5.6 to 35.9 percent. 

b. Weather )ata 

Since it was not possible to know definitely which weather variables would 

account for vari,,ti~on among experiments, a number of variables which theoreti­

caily mLghL C xplainaoingiit, exper iment variation wore measured as described in a 

prteviious sOutrin. (In]y ;air temperature and solar radiation, however, proved 

t.ise ful. for the tr;nsfer anaislysis, in addition to the number of days to 50 per­

cent tasse ling. 

Derived wea'thIer aid roLated variables and their abbreviated designations 

are as fo]llows: 

http:uxpcrLm.nt
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Variable Abbreviation
 

-Average daily maximum daily temperature
 

for 60-day period with 50% tasseling as
 

the midpoint MAXTMP
 

-Average daily minimum daily temperature
 

for 60-day period with 50% tasseling as
 

the midpoint MINTMP
 

-Average daily solar radiation during 60­

day period with 50% tasseling as the
 

midpoint Langleys
 

-Average number of days to 50% tasseling TASSM
 

Based on the maximum temperature variable a linear-plateau variable was 

developed because N-linear response appeared to level off at about 310 C. This
 

variable was the vector for a model III of the linear-plateau family of Anderson 

and Nelson (1975). The new variable was entered into the transfer regressions 

in the form of an interaction with the N-linear variable. Values of the new 

maximum temperature variable called MXTMP were assigned 31 C if the readings of 

maximum temperature were --31. C. Otherwise the new variable had the value of the 

original maximum temperature variable. Average values of weather variables by 

experiment are reported in Appendix Tables la and lb. 

c. Soil Data
 

Soil Truog P Values in ppm for samples from Treatment 15 (partial control) 

were averaged over the replication- for that experiment. This variable was used 

to give an evaluation of the initial P status of each experiment. Truog P means, 

as well as those for other uncontrolled variables are reported in Table 3. 

A derived soil variable was developed from the Truog test data. Fig. 5 

shows a plot of the relationship between the P linear response coefficient and 

the Truog soil P. The shape of the plot led us to believe that a plateau in P 
response was being reached at about 14 ppm soil P. A model III linear-plateau 

model (Anderson and Nelson, 1975) was then fitted which accommodated a declining 

linear P yield response in the lowest range of soil test and then broke into a 

plateau at 14 ppm soil P. The single vector required for fitting this variable 

was callel X1 and it took on the values of the actual Truog P reading if soil P 

was less than 14 and 14 otherwise. The variable X facilitated the transfer of 

soil Pxadled P information from Brazil. to Puerto Rico experiments. 



Table 3. Means of the site variables used in the transfer analysis
 

CONTRUL 
 SULAR
PLANT ING TROUG DAYS TO 50% RADIATISN IEM ZRER47uR ( L) YIELDSI T SASJ DATL 
 (3PM) TASSELING (LANULEYS/DAYS) MAX. MIN. (<3/IA) 

0.1AZ IL
 

809 )RY 0/06/77 7.65 
 d3 45 
 J1.32 14.87

819 WET 11/10/77 7.68 

5092
 
70 465 30.97 1 0.85 3,5
320 WET 11/20/77 13.21 (b 
 4UO 34.94 22.40 51:59
821 a l 11120177 9.57 7J 498 J1.?i


02c Hy U./20/78 U.b4 89 
4031 

435 32.03 12.91 4142
024 )|1Y O/20/7E 12.9J 80 440 33.60 13.13 596,8
U-t DRY D6/19/7 9.70 51 423 34.31 13.02
iJ. E T 01/09/79 8.UO 63 
U753
 

488 J1.0 .033 18.29(38 E T 01/12/79 7.45 59 472 31.90 1B.29 C.C4
U43 ORY O/0u/79 
 474 -52. 15 12.99 G;32
J2.13
847 ,3RY U/09/79 1J..32 
 52 428 32.t, 12.97 7115
47 DRY 0/0d6/79 9.78 8 
 475 33.81 13.20
302 WET I I/Z/79 9.40 00 
590
 

411 29.59 19.24 57b6
8b4 aLT 11/26/79 12.74 57 
 372 30.56 19.06 679f
0Ub WET 11/20/79 .31 59 
 420 30.0j 19.18 6049
904 )RY 04/2-/80 b.37 76 
 374 30.D3 10.9b 4U95UtUb Dr 34/!u/80 16.07 
 69 325 J. .7t 11.48 6?34
308 )RY 04/2o/80 b.73 
 74 374 32.02 10.72 140
 

PUERTU RICU
 

R I ET "u/23/77 19.3a 
 4d 460 30.04 21.20 4782
P2U DRY !1/15/77 14.80 
 56 334 27.94 18.28 113
P21 JRY 12/12/77 1 506 
 322 27.U0 1 .,;7 8330
P27 d ET 04/25/78 20.82 51
P30 487 29.55 20.75 4956
WET 03/0175 44.48 
 50 484 29.78 20.92
PJJ WET 00108/76 4u.00 49 

7290
 
454 30.13 21.40
P37 L RY 12/0u/76 18.32 

4575 
02 372 21.07 17.9o 0319
W/T 04:0 1/79 31.58 55 
 407 29.77 21.45 t,*2
P .3 DRY 12101179 41.43 78 
 533 27.?R 17.33 6340
Pb4 DlRY 12/01/79 75.33 02 
 408 26,9! 17.55 7373
'55 )RY 12105/7-j 48.57 
 60 474 
 20.5 17.55 02
PU2 WET 34/23/80 23.27 56 
 327 30.43 21.19 719J
Pu3 WET 04/30/U0 0I .30 5d 
 529 30.49 21.29 6629
 

Means of the weather variables are computed for a 60-day period starting 30 days before and
 
ending 30 days after mean date of 50% tasseling
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Fig. 5. 	Plot of relationship between the P-linear response coefficient. and
 
the Truog soil test P
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3. STATISTICAL PROCEDURES FOR TRANSFER EVALUATION 

a. General 

Two statistical procedures were used to evaluate the adequacy of transfer. 

'The first was a confidence interval procedure. The second was the P-statistic 

procedure developed by Wood and Cady (1981). Both involved use of a transfer
 

function which included uncontrolled variables as predictors in the model. A
 

third graphical method for transfer evaluation will be described in a subsequent 

section.
 

it became evident fairly early in the analysis of the data that it would 

not be possible to adequately explain the variation in yield levels among exper­

iments with the uncontrolled variables meav tired. This variability was sizeable, 

accounting for approximatcely 40 percent of the variation in all of the numbers 

of the transfer data set. Workers such as, Nelson and McCracken (1962) have re­

ported being able to explain only 60 to 80 percent of the among site variability 

in a data set for a given soil but we are dealing here more with weather vari­

ability at two sites which is expected to be less readily explained. It did be­

come apparent, however, that the uncontrolled variables do contribute to changes 

in the shape of the response surfaces (i.e., there is an interaction between the 

controlled and tncont rol led variables). Being realistic about not being able to 

explain well among-experiment variation per se, we subtracted out the experi­

mental mean from eacn. 
treatment before performing the confidence limit and P­

statistic calculations for evaluating transfer of fertilizer response informa­

tion. Using these deviLions we were able to account for much of the interac­

tion between the controlled and uncontrolled variables with our transfer models. 

b. Confidence Interval Procedure 

A method was devised whereby confidence limits were developed from 

experiment-specific data and then evaluation consisted of counting the number 

of predictions based upon data from all of the other experiments which occurred 

within the confidence interval. More specifical ly, data from an individual 

experiment, , rrom onv of k experiments were used to judge if predicted treat­

ment mean vild.; Y (.exp resse d as de viations frorn the experimental mean, 
M)


Y (-iu) ulug,, dta Irm the other k-I experiments) would be reasonably close to 

the values predicrt ed by indiv idual site data only, Y . This prediction and 

confidence interval est imat ion procedure was repeated for the k sites. For a 



48
 

given model, if most of the Y(-i) fall within the confidence interval which was 

centered on 	Y, deviations, we would say that transfer of fertilizer response
I 

information is feasible. On the other hand, if a large proportion falls outside 

of the confidence interval we would say that transfer of fertilizer response. 

information depends upon additional factors beyond the scope of the present study. 

Schemtic Description of Confidence Interval Procedure 

Lower Limit Upper Limit 

Probability {Y - t s < p < Y. + t s^ } = .95
i .025 Y. i i .025 y " 

95 percent confidence interval basedhupon predictions (Y.) from experiment i 

only. The Y term is est triated from! all experimentsi 	 / 

Y(-i) Predictions based upon information from other k-1 sites
 

Question: 	 Do these predictions based upon other k-l sites fall within the 

confidence interval? 

The confidence limits for individual experiment response surfaces were 

obtained by adding or subtracting an uncertainty value from Y. deviations for1
 

each treatment. As suyeC:.ted above, we pooled lack of fit sum of squares and 

experimental error sum of- squares. In general the uncertainty values consisted 

of t s -I where t ,., Student's tabular t based upon 997 degrees of freedom and 

a significance level of aL and s is the standard error of the deviation of the 

predicted mean iFrom the general mean. We used an a.level of .05. The reason for 

using 997 de,,ree of freedom in looking up tabular t will be explained later. 

Ti e predictions, ', to which the uncertainty values were added or subtracted 

were obtained by fitti:'ng a quadratic response surface to the deviations of the 13 

treatment means from the overall mean for the experiment. The mathematical form 

for the response .urface within a site was 

1 2 2 P 
Yi 

A 	

b 2 N + + b 4 b55+ 

Where Y. is the predicted deviation of a treatment mean from the experiment mean, 
12 2 

P is the controlled level of: P and N is the controlled level of N. The P and N 

variables have been centered so that they are orthogonal with the linear terms 
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c. P-Statistic Procedure of Wood and Cady
 

Wood and Cady (1981) developed a procedure for evaluating the transfer­

ability of fertilizer response statistically via a ratio similar to the F ratio
 

which is familiar to most researchers. This ratio is indicative of how much
 
'noise" is introduced into the predictions of fertilizer response if they 
are 

developed from data which arce not experiment-specific. They predicted the yields, 

known as Y for one of k experiments using a transfer func ion estimated from 

the other k-i ex.riments (including site variables). This process was repeated
 

for each of the k sites. I f the transfefr residuals Y-Y(_i) are aplproxi.mately 

of til sait mainl it de :is tle ordinary residuals Y.-
l1 

Y.
i (obtained from an equa­

tiun doeveloped fron wit hin s itc data only), we have evidence for agrotechnology
 

trcansfer. To 
measure the relative sizu of these residuals Wood and Cady used
 

tie sum of squires A (Y - ) divided by the sum of squares of (Yi- {i )
 

over all of the experin ents, i.e., P = prediction statistic -Tran--sf-r-- S .
 
Residua I SSThey ailled tlis rat io tie P-statistic which is a specific criterion for evalu­

ating the conjenture of transferability of fertilizer response information. 

Schematic )escription of Wood-Cady P--Statistic Procedure
 

k 2 2
 
P =Z (Y- PC /A i(­

where P is P-statistic, Y. is yield for a particular rep-treatment for experiment 

i, Yi is the predicted rep-treatment yield for experiment i using data from exper­
iI 

iment i, and Y(_i) is predicted yield using data from other k-. sites.
 

i ---------


The P-statistic represents a relative measure of the dilution of predictability
 

of fertilizer response at 
site A which occurs when we transfer to site A results
 

of fertilizer experiments conducted during another season 
at site A and/or at
 

other sites having soils of the same family as site A. 
A P-statistic of 1.4 im­

plies that there is a 40 percent increase in "noise" in the prediction sum of
 

squares by conducting experiments during another season 
and/or at another 1oca­

tion. Depending upon the number of experiments being studied, an increase in 
"noise' of this magpnitude represents a considerable decrease in predictability, 

IN)od and Ca dv (1981) described the mathematical aspects of P including its distri­
button (in P--I form) and methods of assessing its significance level.. A brief 

introduction to tlhese will be given below but other particulars will be given
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2p2 	 N2
 

N2and with PN. Thcl vector has been orthogonalized so that the P and N terms 

are mutually orthogonal. The coded and orthogonized vectors which were used in 

the P-N regression for transfer are shown in Table 4. Thus with all terms 

orthogonal and deviations from. the experiment mean being used, an intercept is 

not included. The vectors used in fitting individual experiment response sur­

faces are 	 shown in 'Table 4. 

Table 4. 	Coded and orthogonalized vectors used in fitting the response
 
surfaces by experiment
 

Tint. No. P N P2 N2 PN 

1 -.85 -.85 .3398077 .2666304 .7225 

2 -.85 .85 of 

3 .85 -.85 if 

4 .85 .85 itf 

5 -.40 -.40 -.2226923 -.1747357 .16 

6 -.40 .40 - " -. 16 

7 .40 -.40 -	 -. 16 

8 .40 .40 -	 •16.I 

9 0 0 -.3826923 -.3002799 0 

10 -.85 0 .3398077 -.4558696 0 

11 .85 0 " - " 0 

12 0 , -.85 -.3826923 .4222201 0 

13 0 -.85 - " " 0 

Rather than estimating variance from only the 39 observations within anexper­
1ient in cal.culatino; these unocertaiinty values, a more stabIe es t[mate of variance 

obtained from all experiments was used. This was obtained by pooling all lack of 

fit and experimeCtal error suIS of squares for the 31 experiments and then 

dividing by the pooled de,rees of freedom for these pooled quantities (997). 

Following the,. calcul.ation of the confidence limits for the 961 treatment 

means over Lhe '14 Sites,, an evaluation was made to see how many pred-icted treat­

men t me an dvi at ions (-i) occur red assnmi ng a gien tr:instfe model. within the 

95 percent ,n-[IdL'u0ce iii terva] dLArmine d by adding to and ;.ubtract ing from the 

Y,. an uncertainty value. Thc Lrans Fur models used to pr,diuL the Y involved 
Ith 	 (-i)

data from the k-1. xperiment s athtr ttan thie i--- evpvrimae: t and included inter­

actions between controlled and uncontrolled variables. 
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in the RESULTS AND DISCUSSION section as they pertain to a specific P-statistic. 
k 2 Y'Y
 

Using their methodology we see that P-I = k92 Y'B LY where P is the pro­
(k-l) 

diction statistic, k is the number of sites, B and B are (knxkn) symmetric ma­

trices with B B = 0, BB = B and Y' = [YI " Y' --- Y' ] The quadratic
 

2 lcn 2

form of the numerator can be represented as a 0 X PI (I d.f.) where the 

f ]
2 

Xy

2 
(I d.E.) are independent X random variables and 0.9, --- , L are the
 

eigenvalues of B . The denominator is distributed as a2X2 {pooled residual d.f.] 

since yields were adjusted for block effects. 

'P us 
2 L _ 2
2 0 X (I d.f.) 

k2 	 2Pl2
 

2X (pooled residual d.f.)
 

With large degrees of freedom for the denominator, a simplification can be made
 

2 2 	 L 2997 { (k-) / k I (P-i) L X ( d.f.) 

2Because no tables exist for the significance level of {(k-1) 2/k ) (P-i) we used 

Monte Carlo siimulation to estimate the significance level by generating 10,000 

standard norm"Il devi ;te. N , =l ,---,152 using Procedure GNML subroutine from 

International M auti cal :ind Statistical Libraries, Inc. (liouston, Texas, USA). 

Tles e norml. deviates, N ,'s, were squared to fi nli- each with I d.f. 'Then 

each variable was Ifomod as tie linear combiniaton of >2v (I d.f.) variables, 

The significnioc love!of a calcul ated P will vry depending upon the uncon­
trolied var abl : inc luded in a given transfe:r reg ression, the values of these 

the mibe rvariables aaid li of x-.pei-rimen.s. Consequently, a cal culated P for a 

Spe' fiC [-nfo- md,, to be tes ted requires a separate MIonto Carlo 17un. Con­

stantt xp'c' l p! ,rr" u'ai Ian werme :;ssu"d across si tesin; basedci upon results 

of Ia' r lev', ,L;st:or oomp rint rlho 31 ,"r r vq fanca , which showed that they 

were not di 1 n . Bur ;±uc mean 'ie lds wrre vxpru's-d as do vinaAions frimn the 

expur lin [mL 'i n it pa.n itV tuon:;ns . ,urediecssa r L o in:cl ude the mamiin offects of 

the uncom t'rLt c1 d ,.v1 li ,',; in moel:;. Mod.' 1.; used m'r, nh(,mn in fable 5.o t&, 

Plot, 01 Ii t yp' shmi in i.mg. 5 ware u:ned in cst, {s.ilngi vhich tmn rtioliOd 

variabl,_e were ,m s h ighly related to ]IInear and qiadratic P and N response. 
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Table 5. Models used for the transfer regressions in the P-statistic procedure
 

Model No. Terms 

1 Yield (deviation)(i) = 

2 Yield (deviation)(i) 

3 Yield (deviation)(_i) = 

4 Yield (deviation)(_i) 

5 Yield (deviation)(i) 

6 Yield (deviation)(_i) 

P N P N PN;
 

NP N PN
 

P*X1 P*TASSM
 

P*Langleys N*X1
 

P*Xl*Langleys
 

D*X *TASSM;
 

P N P N PN
 

P*X P*TASSM
 

P*Langleys N*X1
 

N*MINTMP;
 

P N P N PN
 

P*X1 P*TASSM
 

P*Langleys N*X1
 

N*MXTMP;
 

P N P N PN
 

P*X1 P*TASSM
 

PtLangleys N*MXTMP
 

P*TASSM*MXTMP;
 

P N P N PN
 

P*X1 P*TASSM
 

P*Langleys
 

N*MXTMP;
 

Yield (deviation)(i) = P N P2 N2 PN
 

P*X P*TASSM PLangleys
 

N*MXTMP P2*XI;
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Simple correlations of the P and N response coefficients and the uncontrolled
 

variables were also obtained. The transfer models which included certain uncon­

trolled x controlled variable interactions were then developed. The final model 

chosen for the transfer in connection with the P-statistic was Model 6.
 

The P-statistic procedure was also used on a set of 18 residual transfer
 

experiments: B-25, B-27, B-53, B-55, B.-57, B-67, B-69 from Brazil, and PR-31,
 

PR-34, PR-35, PR-41 PR-42, PR-43, PR-50, PR-51, PR-58, PR-59, and PR-60 from
 

Puerto Rico. The techniques were much the same as for the transfer experiments
 

except that only two uncontrolled variables interacted with the controlled vari­

ables and thus the transfer model was much simpler. Testing of the P-statistic 

followed procedures used for transfer experiments. 

d. Graphical Procedure
 

The graphical procedure was designed to plot transferred response surfaces
 

and to compare them visually with response surfaces plotted from experiment­

specific data only. For each experiment, the 13 predictions Yi. obtained by 

fitting the exyariment-specific model (Model I) were plotted to obtain a response 

surface. Another surface was obtained by plotting the prediction, Y(-i), for 

experiment i from the other 30 experiments assuming a model which included the 

variables for both of the controlled and uncontrolled factors (i.e., Model 5). 

Because both of the above types of predictions were obtained in deviation form, 

the experiment mean was added back to the predictions before plotting. 

The two plottings for a given experiment are then compared visually to see
 

if the general shapes are similar and if the ranges in predicted yields are more
 

or less equivalent.
 

The graphical procedure provides an additional source of information which
 

can be used to reinforce the findings of the confidence interval and P-statistic
 

procedures.
 

e. Individual Plot Data vs Means for
 
Calculating the Confidence Intervals and the P-statistic
 

In using the transfer models the question arose whether the transfer analy­

sis should be conducted on a plot per plot basis or on the 13 treatment means
 

per experiment.
 

For the confidence interval approach it seemed logical to use treatment
 

means in the regressions to obtain confidence limits for predicted means. It is
 

the average response surface which we are trying to transfer rather than the
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individual plot yieLds The ero-r used in calculating the confidence limits Was 

obtained by pool i g 1ack of fit and experiment er ror sums of square s and then 

dividing : pisilcd do. reL. of Ifree dom (997). ThC resuting mean square was then 

divided by tlhe numibcr of -epl i t ns for ea1ch particlair location.
 

For CaMoh I ng Lho P-satisL ii [Mor e werCe LI:ucC Ce :van cons ido rati ons.
 

There are 	 11 of tho 1 e. imetsimt Omourri.iori in Liii, t rinsfur aii ,ly,sis set: in 

which the 	block M t : r' i , gn! i'nL Mit. l fii:iivo perconl, love I or lowuer.
 

sevura;i In Ci'perC imnu
Thlere Lire othc 	 I n wiuIchi Lhi bl ok mean squArCLs ar co'inside12r­

'iL'CalyDI Ja YOI2 Ithan Goie~' ll iL IiI CrriP mean:i 'q iia es eve thLioiigh Lc F -Cat fory ic 


bl.1ocks Q5 Lo iluant :ir.[ii On five p rcn eelx'' We l15
i i pu 	 IL . IICsL v aver'­cn idered12 


aging ove r Clhe h I irks and co ir Lt i ir q [hoa rans Cc r ren Cess O~n on t rea tment mueans. 

This woul reov o hlt blc a~r:t' icct ifrom [lii iiuio r of [lhe Crp rerowii uised inl 

CaiculaL irg UPi P':;LatO.WL. Pho prublem NOI t in approat:i. is lint the lack of 

fit soum ol sqliH'en ponlL overu Lhc eapeCinuuis uisedi in [ho transfer regression, 

which woulid needL ti b' use as Up denwriunuut oi in calculatin toh[le P-s Latistic, 

untierCSusLIM[L'Son exw a~ 	 aLom~aLj ii erorC. Thiis wonlII rl 1 place an upward bHas 

can [the iP-Msatius [. No Iii. mre ('iiloti)I I wiIii a proceducre which Lnvio ved 

p oo.ling ho [iLh rh lack of ;i 1LC I of squarI es5 nd Lheo Pz.' Iicl i tza ero ni iioQI 


squares over a Ij sire.s inc' I Ld in the itraiisfe iv pygi-ns[n. TheL approach iused 

thiereforle 	was to siibtract blc101K0IiLs ini addi Li in Li) the. general meLani froii each 

plot cibsurvaC iouu and lien Lo run the trCansferC repCos ioas nn these per plo t data 

which had been adjuisted~i fori.M(oks 

f. StaLtisti cal Compii aL ioLns 

All sipesaitc, correl)ations11, p1 ilt or0 response sufciines and other 

data manipulatLions were mciade using var ions prCoceures of the2 MUCti[l M A sInalysi 

System (SAS-). 
The confi IdenceIlimits ovd p red'cCions wirCc' 00 C by PRil Ke'j~fne ra Linear 

SAS, 1KL oinModeLs of CiLLnth rt'grue s Ctreatmei~n imotans ior each expuer:imnt. 

Thie uuicertany it'' I iiii ohta ined by [the i'omupo warp' ut iiphlied by i Factor IoL 

refectL tie Kuc thait both tinhi su f s:quiares; or o::uriuniua I L' rri andl the sum 

01 squares four larck oi lit wor1 poled~i oIPCr WIi 11 1r iuu ou anorima andulMen 

d ivided~ by, the numuuber of ricaIi(LClonil [C Io- io0 t.(olho i') 	 onO 'i per iuieai 

Lasis. TOi niumbler of p' crjiiins f alli1ng WON ii[n We cinti denu limt s weth' len 

manually countLed . An exapleuI of trhe s ta ia L o mr~iputa~tioans ForC ex'periic it 1B-22 

is givyen in Appendi ale IC . 



Thu transfcr" r-egressions and uxperiment:-speci fic regressions used in con­

nection withL the P-staListic p rot'udure were conducted using Procedure General 

Linear Model1 s (iiL) of SAM. Tie numerator required several1 MACR( statements 

which caused tihe priediction sumn of squares to be c(il.ul cahc for each of the 31 

different v:.:ip rinn s. (o,1pli1 inr' was done using individuaii plot yields, Y(i)' 
whith l tad been adjisted for block effects. 

4. RESULTS AND I)]SCUSSION 

a. General 

Analyses of variance for the regressions of the Brazil and Puerto Rico 

experiments are r- nrted in Appendix Tables 5a and 5b. The results of tests of 

various model terms and the lack of fit information in this Table correspond to 

those shtown in Appeutdi.-: Table 4. Blocking appeared to be effective in many of 

the expL'rimtie ti;. In ;,,tneral, P linhear was stgn iilicant at either the 5 percent: 

level or oiu pt'lent Ivl or all of the Brazil experiments, except for one 

residual raitls cr ,xpe rimc: t (-48). In most cases it was significant at the 

one p).' coent Itv' I . Tie qu;tdrLt. Pc tern was seldom signifgicrant. Significant 

linear nLi'tro;'en re:;ponsI' was obtained in only seven of the Brazil. experiments 

and tLhtese we re it lt five percent IVe only c'CepL for B-47. Several of these 

were residual trunsIfr c-per limoints. In oily three experitments (B-47, B-65 and 
,B-68) as tle q,.,i ti i c iLriqe_,n term it ni.ficant. Of these, B-65 was a residual. 

Stranst.r ..xpuri, i. The P x N in teraction term was signilicant only for three 

exper i.ients (10-, Q',--5 aid B-65). Of these, on]w for B-65 was tie significance 

at thi n ne pr tt l eV l. 

i l, ..c isn- was tie major result in Puerto Rico. Significant N linear 

response occr-n,cInv all, t I1 experiments. N-quadratic response was much less 

frequent. ;i jitI! :iince at i lie five percent level r lower occurred for only five 

of tleC PueVt Ui t[ t'Rico'c i-lnt:;.U% 

P'hosphe 1t,1:; i,., W (,)[)served in only three experilments in Puerto Rico. 

It was strion, in two I thest (PP-20 and Hik-2A). All of these experiments were 

initial rauit-; P1pIrii nt s. 

'Ille j" Vnilet;,I I , J 1 Lof t he shceond crder response surface ranged from 

.13 to .99 fr tiie Ii -anil experiments. The range i s much narrower if only 

iiti a t~Lran ; ti experi met: are conii;diered. h'lii H values for thte f it of the 

same model for the [n'u rto Ri co expe irimen : ringed from . 12 to .99, but again a 
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much narrower range would be obtained if the residual transfer experiments were 

excluded. In general, the quadratic model tended to fit slightly better in the 

case of the lirazil than the Puerto Rico experiments as judged by the R2 values. 

The lack of fit d'-d not exceed the experimental error *as often as the 

reverse. Tlhere was only one site (PR-21) in which the lack of fit term was 

significant and then it was only at The five percent level. 

A comb:ined analysis of variance for data from the 31 transfer experiments 

is shown in Table 6. This revealed strong location and treatment effects and a 

significant ex¢periment x treatment interaction. P-linear is the single most 

important effect. Reps (Expts) mean square is sizeable. 

Table 6. Combined analysis of variance of yield data for the 31 transfer 
experiments
 

Source of variation d.f. Sum of Squares Mean Square 

Expts 30 1,453,616,642 48,453,888 

Reps (Expts) 65 160,767,755 2,473,350 

Treatments 12 698,990,338 58,249,195 

P 1 583,776,082 583,776,082 

N 1 70,785,330 70,785,330 

P2 1 38,356,019 38,356,019 

N2 1 3,988,727 3,983,727 

PN 1 150,599 150,599 

Lack of fit 7 1,933,581 276,226 

Tmts x Expts 360 827,538,091 2,298,717 

Model x Expt6 150 708,696,405 4,724,643 

Lack of fit x Expts 210 118,84 1.,686 565,912 

Pooled Error 780 495,509,020 635,268
 

TOTAL 1247 3,636,421,846 

b. Results Using the Confidence Interval Procedure 

The number of Y(-i) occurring within the 95 percent confidence, intervals 

obtained from "within experiment" predictions was counted and the tally by 

experiment is shown in Table 7. The number of Y occurring within this con­(-i) 
fidence interval over all experiments is 296 which is 73.4 percent of the total 

number of [reatment means for the 31 experiments (i.e., 31 x 13 = 403 means). 
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The percentage occurring within the interval was higher the average for Puertoon 

Rico experiments (80.5 percent) than for Brazil experiments (68.4 percent). 

There were three Brazil experiments which had quite low percentages occurring
 

within the interval (B-43, B-66 and B-68). Otherwise those which occurred out­

side of the interval were not necessarily concentrated in data for specific 

experiments. 

A tabulation of the percentage of Y(-i) occurring within the confidence 

interval by individual treatment for Brazil and Puerto Rico is shown in Table 8. 

For both Brazil and Puerto Rico, the highest proportion of predictions fell out­

side of the confidence interval for Treatment 7 which is .40 and -. 40 for P and 

N, respectively, and Treatment 10 which is 85 and 0 for-. P and N, respectively. 

For Brazil, the prediction was also poor for Treatment 8.
 

For situations in which the transfer model is predicting very well, one 

would still expect about five percent of the predictions, Y(-i)' to occur outside 

of the 95 percent confidence interval. We have experienced 26.6 percent occur­

ring outsida of the interval which is 21.5 percent more than one would expect 

with very good transfer. Although the transfer is less than perfect, the per­

centage of the Y(_i) occurring within the confidence interval is quite respect­

able and does indicate that transfer is being achieved. 

c. Results Using the P-statistic Procedure
 

The overall P-statistic for a regression among 31 transfer experiments using 

Model 6 was 1.5075 which was significant at the .0001 level. This implies that 

unless a one in 10,000 chance error has ozcurred there has been a real increase 

in the prediction sum of squares as a result of using experiments conducted in 

other seasons and sites over the equivalent sum of squares from site-specific 

data. The calculation was as follows:
 

p = Transfer SS 926,166,242 5075
 
Residual SS 614,350,826
 

The denominator is distributed as a2X2 with {k(n-p-l-(r-l))} = 997 d.f. 

where k, n and p have been defined in the Statistical Procedures for Transfer 

Evaluation section and r is the number of replications per experiment. 

Thus
 

(kC)2 2 152 0 (1 d.f.)0X2 

(k-)2 (P-i) = .9365(P-1) 22 

k2 a2X2(997 d.f.) 
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Table 7. Percentage of predictions (Y(_i) occurring within 95 percent 

confidence interval (reported by experiment) assuming Model 6 

% of predictions in % of predictions in 

Experiment 95% confidence interval Experiment 95% confidence interval 

B-09 38.5 PR-19 92.3 

B-19 53.8 PR-20 92.3 

B-20 100.0 PR-21 84.6 

B-21 92.3 PR-27 61.5 

B-22 69.2 PR-30 61.5 

B-24 46.2 PR-33 76.9 

B-26 53.8 PR-37 53.8 

B-36 46.2 PR-45 100.0 

B-38 100.0 PR-53 46.2 

B-43 38.5 PR-54 92.3 

B-45 76.9 PR-55 84.6 

B-47 69.2 PR-62 100.0 

B-52 76.9 PR-63 100.0 

B-54 100.0 

B-56 100.0 Average for Puerto Rico 80.5% 

B-64 100.0 

B-66 53.8 Average over all 

13-68 15.4 experiments: 296 x 100 = 73.4% 

Average for Brazil 68.4%
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Table 8. 	 Percentage of predictions (Y (_i)) occurring within 95 percent
 

confidence interval by treatment for Brazil and Puerto Rico (Model 6)
 

Brazil 	 Puerto Rico Overall 
Treatment (18 experiments) (13 experiments) (31 experiments)
 

%Z% 

1 50.0 	 92.3 67.7
 

2 50.0 	 76.9 61.3
 

3 77.8 	 76.9 77.4
 

4 94.4 	 92.3 93.5
 

5 77.8 	 92.3 83.9
 

6 77.8 84.6 	 80.6
 

7 38.9 69.6 	 51.6
 

8 33.3 61.5 	 64.5
 

9 83.3 84.6 83.9
 

10 33.3 76.9 51.6
 

11 83.3 84.6 83.9
 

12 77.8 69.2 74.2
 

13 77.8 84.6 80.6
 

Since there are 997 d.f. for error, a simplification can be made
 

22 152 2
 
997 [.(k-l)2/k }(P-1) -f_- E ORX9 (1 d.f.)
 

k=1
 

This implies that we need to compare 997 (.4753) = 473.9 with the quantiles of 

O X 2 (1 d.f.). 

Because of the large dimensions of B1 due to k = 31 and n = 39, its eigen­

values had to be obtained by partitioning B1 into three sub-matrices each of 

dimension k and obtaining the eigenvalues for them separately. This partitioning 

was feasible because tihe X variables were originally orthogonalized and centered 

at zero. 

The eigenvaluIeS of the first matrix were either zero or one depending upon 

k, the number of sites, and p-2, the number of X-variables not used to form inter­

actions with site variables. In particular, there were (k-l) (p-2) = 30(3) = 90 

eigenval.ues equal to one in this first matrix. 

The eigenvalues of the second matrix resulted from including interactions 

of the linear effects of P wfth X, TASSM and Langleys. The eigenvalues of the 
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third matrix resulted from including the interaction of the linear effect of N
 
with MXTMP. 
For a detailed treatment of the computation of the eigenvalues see
 

3 and 4 of Wood and Cady (1981).
 

A separate :ransfer regression was run for the transfer set of the 31
 
Puerto Rico and B'razil experiments plus four Eutrustox experiments from Hawaii.
 
The resulting P value was 1.6574 which was significant at the 0.0001. level.
 

The resuits of the P calculation for the residual transfer experiments
 
show a P of 1.547 which was only slightly higher than that for the transfer set
 
(but on the other hand, only 18 experiments were involved in comparison with 31
 
experiments used for the transfer experiments). Only interactions for PxX
1
 
and N xMINTMP were included in this residual transfer regresion because other
 
controlledx uncontrolled variable interactions were not significant.
 

The following relationship exists:
 

87
 
E.@ Xk(1 d.f.)
2 


=
 
(P-l) = .8919(P-1) 


2
ka 2X2(558 d.f.)
 

Since there are 558 d.f. for error, a simplication is made
 

2 2 87558 f(k-l) /k } (P-I) -n- Z £X2 (1 d.f.) 

This implies that we need to compare 558(.4879) = 272.2 with the quantiles of
 

7e X2 (1 d.f.).
 

Using Monte Carlo techniques similar to those used for the transfer experi­
ments the probability calculated to be associated with P 
= 792,536,087 

512,331,425 1.5469was .0001. 
Thus the inferences to be drawn from the P-statistic evaluation of
 
transfer for the residual transfer experiments are the same as they are for the
 

transfer experiments.
 

One can see which experiments are apt Lo be contributing greatly to the
 
numerator of the P-statistic by studying the discrepancies of the phosphorus
 

linear regression coefficients obtained using data from the specific experiment
 
and using data from the other 30 transfer experiments. These P linear coeffi­
cients are reported in Table 9. The experiments in which P response was grossly
 
overestimated by the 30 other experiment regressions are b-09 and B-19. 
For B-36
 

and B-43 the 30 other experiment regressions grossly underestimated the response.
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Table 9. Phosphorus linear regression coefficients estimated by experiment
 
and from fitting a surface to predictions for that experiment from
 
the other 30 transfer experiments (Model 6) 

Expt. Other Specific Expt. Other Specific 
No. 30 expts. Expt. No. 30 expts. Expt. 

B-09 2590 1482 PR-19 -52 -181 

B-19 2554 1779 PR-20 514 882 

B-20 560 628 PR-21 696 369 

B-21 1566 1510 PR-27 -106 220 

B-22 2300 3029 PR-30 -93 -66 

B-24 1248 525 PR-33 -81 208 

B-26 1719 2261 PR-37 736 -216 

B-36 1528 2564 PR-45 110 94 

B-38 1775 1659 PR-53 722 -149 

B-43 1799 3039 PR-54 331 -94 

B-45 1074 1653 PR-55 251 -104 

B-47 1965 2331 PR-62 -40 -222 

B-52 1477 1952 PR-63 -17 7 

B-54 760 970 

B-56 1660 1705 

B-64 2845 2710 

B-66 757 1727 

B-68 728 1679 
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Table 10. Index of (Transfer SS/Poolcd error and Izack of fit SS) to show 
which experiments are cont ribLut ing most to the P-statistic 
(Model 7) 

Expt. Expt.
 
No. Index No. Index
 

B-09 1.79 PR-19 1.10 

B-19 2.03 PR-20 1.27 

B-20 1.08 PR-21 1.62 

B-21 1.13 PR-27 1.72 

B-22 1.67 PR-30 1.23 

B-24 1.83 PR-33 1.32 

B-26 1.53 PR-37 1.85 

B-36 2.12 PR-45 1.1.7 

13-38 1.16 1'2-53 1.63 

B-43 2.23 PR-54 1.23 

B-45 1.24 PR-55 1.17 

B-47 1.89 PR-62 1.18 

B-52 1.41
 

B-54 1.09
 

B-56 1.14
 

B-64 1. 15 

B-66 1.97
 

B-68 2.35
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A useful index of an experiment's potential contribution to the P-statistic 

is to divide the transfer of by the pooledsum squares experimental error and 

lack of Fit sum of squares. Those which have large transfer sum of squares and 

low estimates oi error and/or lack of fit will Lend to have a net effect of 

causing the P-statisticr to be larger. A listing of tierE ratios for the 31 

experiments in the transfer set is given in Table 10. The Brazil_ experiments 

which have Iarge i.,ndires are B-19, B-36, B-43 and B-68. The average index value 

for the l'uerLo Rico experiments was lower and there did not appear to be as many 

experiments with large indices. 

Some rema rks a btout tlhe interpretation of the P-stat istic seem in order. 

With smal I values of I' (slightly larger than one) we wouLd conclude that experi­

ment-specil i iniormation is not necessary in order to draw fertilizer response 

Lnferencs For a sit--season. On the other hand, large values of the P-statistic 

reflee[ tihe iltroduction ol colnsidterable noise into the predictions by using 

data whi(ht are not expmr imnt-specific. 'Tlequestion of what constitutes a 

large P-s Lati;Lic the 'inrises. As indicated previously, this is dependent upon 

the tumberitt e:periments. however, some generali-zat ions wil.l be made basedof 

'pctn our limited u:tpprience wiLh the P-statijstic. P-vaLues of three to 1.0 such 

as would be obtainemd if the otcontr]lled variables- were not included in the model 

wold be considered large rteg;trd lIess of tht, number of experiments. P-values in 

the range of I to 1.3 wold seem relatively ,';mall ,ven tlhough with a large number 

o expertiments signi fir'ance might he obtained for P-values at the upper end of 

the range. VaL[ue P between 1.3 and 3.0 would appear to be intermediate, 

reflect.ing severe disttorti n of prodittLion at the upper end of the range but 

only a mode ratv di stor t ion at the . ower end . 'lhu P-vallne of 1.5075 obtained 

with the ltesetnt data set Fais into the latter range. 

d. Results Us ing the (;tphicail Procedure 

P1ottings of the experimnt-spcif-ic response surfaces and those from 

plotting predictio lfrom the t expur ittetits siiowti Fig. Theses ther 30 are itn 6. 

are paired by indiv idual experimet. 

In general the coniforma iLLon of the surf ace obta jined troi non-spec i.fic data 

is similar t, that for the specific-experimet plotting. This is especially 

true for the Brazil experim nts. 'Te Puerto Ric0o plo tt ings; have N similarity in 

conlformatiotn Iteeni Lhe two tpes hot the non-spetcii 1c tlotLings htve an uieven 

surface. Thi- may he due to the t;e of the linar-platoau vat-iable (XI Truog 

P vector) which causes a plateau to oocttr at 14 ppit soil P. This vari-able 

apparently ats(,d Some discotinTuities i n the predicted values. 
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Fig. 6a. Comparison of response surface graphs plotted from experiment-specific data (top) with graphs
 

plotted from data from 30 other experiments conducted in Brazil and Puerto Rico, Brazil sites
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5. CONCLUSIONS 

Our data analysis strategy was to use several different procedures to
 

verify transferability. We wanted confirmatory evidence from several distinctly
 

different sources so that our conclusions would be well-founded. We therefore
 

used three methods: (1) the confidence interval procedure, (2) the P-statistic
 

procedure and (3) the graphical procedure.
 

As mentioned above, the results obtained with the confidence interval pro­

cedure were encouraging and suggest about 73.4 percent transfer of information.
 

Although not perfect, we can conclude that transfer is occurring.
 

The P-statistic procedure did not give conclusive results. The calculated
 

P-value of 1.5075 falls into the intermediate range of 1.3 to 3.0 and thus does
 

not satisfactorily prove, nor disprove, the transfer conjecture. The P-value 

of 1.5075 for the Model 6 regression among 31 transfer experiments was signifi­

cant at the .0001 level. Similar results--P=l.6574, significant at the .0001
 

level--were obtainied when four Hawaii Eutrustox experiments were added to the 

transfer set. 

It appears that certain unusual experiments influenced the size of the P­

statistic markedly. An example of such an unusual experiment is B-43. During 

this experiment, the environmental factors reacted pos it ively with the control­

led varLfables and, consequenty, considerabl y mor response to fertilizer was 

achieved tlhan would have norVimda' been expected (5,61 kg/ha range in the 13 

de wi nlI . tllt e iitaVIYa;). This csl: ed the Li lle " res)onlse coefficient for P to 

be unusually ,ar-.. One cannot di iiss t l i ai A; 'ad" erperiment and delete it 

becausw it i ,'tnualI ly A ' od" experiment ii whicl result:s exceeded all expec­

tations. the a' trriblition i this -xior linen to hn rnumera or of tie expression 

used for ca.] lulat ilg the i-sait twas c .)I&I 6 4,/l 2, '119, whichi was considerably 

above tihe in tributi of any of lie o1liu e:-:pcr lwents. 

As seen in Fig. 6, the V-t5,ral shape of tho surface ustimated from a singl.e 

experLmen ilinltit est intll 11 lain the other k-i n:periml:s i or that experiment 

are verv si ilal. Ihle si ildiL ty of t114) two types of plots is particularly 

Atrilking in Lp wasp o I the Iri I oxpri mint . We can also c:onciLude that by 

using appropriaLa Site ,,rii, me are ahlc to explain the diffe,rence between 

the overal.h the i and Puerto Rico response surfaces.saaie of Bra 


No attempt was made to recoic[l.e the results of the three methods. It is
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not uncommon for several statistical procedures applied to the same data to pro­

duce results which are not in total agreement. The P-statistic procedure uses 

an exact mathematical test whereas the other two procedures are more ad hoc. 

Further studies on the properties of the confidence li[mit procedure are needed. 

It wou.ld also seem appropriate to focus attention on the effect of unusual site­

season conditions on the results of all three procedures. 

The study showed that information on the uncent rolled variables is very
 

essential in transferring fertiLizer response results. These variables do not
 

explain among experiment variability to any large degree, but they do account
 

for changes in the shapes oif the response surfaces from site to site.
 

In summary, the P-statistic method produced marginal results which may be
 

attributed to the sensitivity to exceptional experiments f this new and not 

widely tes ted tcclhniqie . Two other procedures, however, gave positive indica­

tions that informatLion transfer is occurring. We thus believe that, on balance, 

the statistical studies provide a qualified validation of the conjecture of 

transier postulated in the Benchmark Soils Project. 
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IV. APPLIED RESEARCH
 

A. GENERAL
 

Although the thrust of the BSP field work was to generate the data base
 

for the test of the transfer hypothesis through specifically designed transfer
 

experiments, a variety of othec experiments were also concucted. These experi­

ments had the general objecLive of oxpanding the knowledge base for the agricul­

tural use 0o. IKut'IIsLox, particulIarlv by resource-poor farmers. 

Twenty-two varieLv trials with maize and soybeans were conducted a: the 

primary itLs in PuUitO Rico and Brazil. Their purpose was to identify varieties 

that are well adapted tr tihe ; rounviron fellL of Eu trus. ox and responsive to the 

fortil.tiLv va-iables used in tLhe transfer experiments. These trials also supplied 

information about regional yield potential and varietal performance.
 

S;oil anJ cio[ ma na enen t exporiment:, were designed to provide ic grmation 

on economic and effic'ient agricultural prac tices , and data for subseqi nt soil.
 

interpreta -inn and land evaluation. Whereas tie procedcures for condurting trans­

ter experiments were identical at all sites, the designs of the management expe­

rimet.s were more flexible and al.lowed the projlect to respond to host country
 

priorities and Lo local farmer needs. A philosophic framework for the management
 

experiments was developed at the first annual coordination meeting of the UH and
 

UPR projects in .1976. Particular attention was paid to experiments on costly
 

inputs and high energy use cultural practices, such as irrigation, fertilization
 

and tillage.
 

Apart from phosphorus and nitrogen, limited soil moisture is probably the
 

most severe constraint inherent in the soil family under study. A pronounced dry
 

period of several months occurs at the Brazil sites and brief droughts are common
 

duriaig the wet season. At the Puerto Rico sites seasonality is less marked but
 

severe dry spells may occur at any time of the year. These climatic uncertain­

tie , along with the tow water holding capacity of the soil, combine to limit
 

crop production, at times severely. For this reason moisture utilization studies
 

have been emphasized in BSP management experiments in Puerto Rico and Brazil.
 

Thirty-three management experiments were conducted and focused on irriga­

tion rates, plant population density, time of planting, mulching, minimum tillage,
 

phosphorus rate and placement, liming, maize composite population improvement, and
 

multicropping.
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B. VARIETY TRIALS
 

1. MAIZE 

Eight -aize variety trials were conducted in Brazil and Puerto Rico to
 

select the best adapted varieties for use in the transfer experiments in each 

country. Hybrids and open pollinated varieties helieved to be well adapted to 

local cond itions were selected for further study. In addition, available culti­

vars se.lected from those having performed best in the CIMMYT International Ma:ize 

Adaptation Nursery (IMAN) at e]evations and Iati tUCdes similar to IJPR BSP sites 

and cultivari; recommended by cooperators were also included. A total of 30 

varieties and hybrids were tested in these trials. Appendix Table 7 shows grain 

yields (if the leading five entries in each experiment. Pioneer brand hybrid 

X304C, when included, was consistentLy the highest or near highest yielding entry. 

On the strength of the-se trials and its performance in Hawaii, X304C was used as 

the testcrop varietv in all. subsequent transfer experiments on all Oxisol sites 

in Puerto 	 Rico, Bra.xil. and ttawa ii. 

In Brazil, six maize trials with promising varieties selected for testing 

in the Jai ba region were completed in cooperation with EMBRAPA's Centro Nacional 

de Pesquisa de Milho e Sorgo (CNPMS). These experiments had 36 to 42 entries 

and each entry was rep] icated four times. The mean yields of the 10 top-ranked 

varieties in four experiments are showni in Appendix Table 8. Highest yields 

ranged from 6,770 kg/hal with vari,.2ty DeKalb 7601- in -1978 to 8,500 kg/ha with 

Cargill ltlS in 1980. (;rain yields from the two other trials, with precorcions 

maize, are presented in Appendix Table 9. Grain yields wer.! generally high, 

considering th:at these were unirrigated experiments. The r sut ts of these maize 

variety tria]s were published by I.MBtRHAPA for wide disseminacion in Brazil. 

J 	 . mt o a. ,et.; tr iaJ : t 
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2. SOYBEANS 

Soybean variety trials were conducted in Brazil to ascertain the potential 
of the Jaiba region for this crop hitherto not cultiva ted in the area, and to 
identify the best yielding varieties. International Sovbcd..,n Program (INTSOY) 
trials were plan ted in 1976, 1977, and 1978 and provided information on both 
management and yield potential for many wide]y used soybean varieties. Grain 
yields (srom [53 to 4,473 kg/ha) for these tLrials appear in Appendix Tab]e 10. 
TwO later trial, emphasized the potential for irrigated soybean production in 
tlhis region. The yield forrange experione ment was 1,457 kg/ha (Jupiter) to 
1,730 k1/ha (IPB 73-77) with a mean for all varieties of 2,698 kg/ha. Grain 
viCId 1or the e:ond experiment ranged from 2,925 kg/ha (Il1B 242-77) to 5,310 
(1 PB 6.16-76) anO 5,025 (Laincer) with a mean for all varieties of 3,769 kg/ha. 
Thu excellent mean Yields over a] varieties, as well. as the outstanding perfor­
wince (If the Iiohest varieties, -'.early demonstrate the high potential of this 

a'ea and soil family lor soybean production. 
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BI SOIL AND CROP MANAGEMENT
 

1. IRRIGATION
 

a. Puerto Rico
 

Four irrigation rate x nitrogen level experiments were :ompleted, one during
 

the wet season and three during dry seasons. The objectives of these trials were
 

(1) to compare the performance of maize when grown without irrigation during the
 

dry and wet seasons in an area with an ustic soil moisture regime, (2) to deter­

mine the effect of supplemental irrigation on crop yield in both seasons, and (3)
 

to observe nitrogen-water interactions.
 

The experiments were similar to the line-source continuous variable method
 

described by flanks et al. (1976) but with a trickle irrigation system instead of
 

sprinklers. The first experiment had a nitrogen gradient, produced by 24 levels
 

from 0 to 230 kg/ha of N in 10-kg increments, and 12 levels of water applied from
 

0 to approximately 20 mm of water per application. Plots were watered when ten­

siometer readings in the center plots showed 20 centibars or more tension. The
 

irrigation treatments were not assigned randomly but in a stepwise fashion across
 

the nitrogen treatments. There were four replications. Plot size was very small
 

in the first trial, with only two plants/plot. Since treatment gradients were
 

essentially continuous, border effects were inconsequential and large plots were
 

unnecessary. This first experiment, conducted during the wet season from May to
 

August 1977, showed no response to N and only small yield increased with irriga­

tion.
 

Subsequent experiments were laid out in a similar manner, but only half as
 

many treatment levels of each variable were used and plot size was increased to
 

3 x 4 m (four 4-m rows); there was no replication of treatments and only the
 

center two rows were harvested for yield measurements. Yield data from these
 

later trials, conducted during the dry seasons of 1978, 1979 and 1980, are shown
 

in Appendix Table 11. Response to N treatments was distinctly positive regard­

less of irrigation level in 1978, undetectable in 1979, and again apparent in
 

1980, especially with increasing irrigation rates. Highest grain yields were
 

9,969, 9,252 and 9,201 kg/ha for 1978, 1979 and 1980, respectively. Grain yield
 

return in kg of grain per kg of N applied varied widely, from 0.4 to 53.8 in
 

1978, 2.2 to 1.3.5 in 1979 and 13.9 to 28.1 in 1980. The best return per unit of
 

N was generally at intermediate rates of application.
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Irrigation had practically no positive effect in the experiment conducted
 

during the 1978 dry season and resulted in only about 12 percent more grain yield.
 

In the 1979 and 1980 experiments, however, irrigation increased yield by about 36
 

percent with the higher applications of N.
 

These results allude to the unpredictability of rainfall in the Isabela area 

of Puerto Rico and to the nature of the dry season there. in the dry season of 

one out of three years irrigation had virtually no effect on yields and the effect 

in the other two years was only moderate. It thus appears that in many years it 

is possible to produce reasonable maize yields duriiig the dry season without irri­

gation, especially if rains occur at the critical times. At Jaiba in Brazil, 

which also has an ustic noi[. moisture reagime, this is predictably impossible as 

the rainfall pattern on Fig. 2 shows. 

These observat ions, al.tho: h tentative, lend substance to the revision of 

the ustic soil moisture regime as advanced by ICOMMORT. The intent of this pro­

posal is to different iate ustic soil inoisture reg imes such as at rsabel a, Puerto 

Rico, which are marginal to tihe udic regime and set them apart fron the central 

concept of the ustic moisture regime as exempl if ied at the BSP siLes at Jaiba in 

Braz il. This revision will enhance the interpretation of soil t ara for crop pro­

duct ion purposes.
 

17' 
• ¢
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b. Brazil 

In cooperation with CNPMS and using a continuous variable line-source irri­

gation technique designed by our project consultant, Dr. Jack Keller of Utah 

State University, five irrigation rate trials with different maize and so:ghum 

varieties were completed by the BSP at the primary site in Jaiba. Data from 

these experiments are now being processed by CNPMP for the development of a mois­

ture utilization model for maize and sorghum in Brazil. 

A moisture stress x P x plant density exper:iment was designed to investi­

gate possible interactions of applied phosphorus, moisture stress and plant den­

sity and to determine the period of maize growth when moisture deficiencies would 

be most critical during the dry season at Jaiba. Moisture stress was imposed on 

main plots by withholding irrigation during the first, second or third 30-day 

period beginning I week after emergence of the plants. Sub-plots were assigned 

4 P treatment levels and 3 plant densities, as shown in Appendix Table 12. The 

data illustrate the severe effect of moisture stress during the second 30-day 

period. Maize grain yield was reduced from 6,271 kg/ha to 3,003 kg/ha when no 

water was applied during this crucial growth period which coincides with flower 

forma t ion. 

J 
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2. LIMING AND SOIL FERTILITY
 

The surface soil pH at the Puerto Rico secondary site 2 (Calero) was low,
 

pH 4.3 to 4.5, due to past fertilization with ammonium sulfate. Although this
 

does not affect the classification of this soil 
as Tropeptic Eutrustox, it in­

fluenced maize growth, and response to 
P and N was limited and variable. Several
 

pot experiments were therefore conducted with lime, phosphorus and micronutrients 

as controlled variables. Objectives of these studies were (1) to determine whe­
ther surface soil p11 at the Calero site was a constraint to maize growth, (2) to 

further study the effect of micronutrients and (3) to observe the early plant 

growth response to P and lime applications separately and in combinations. 

Results of th, first experiment in which maize plants were grown for 34 days 
in pots of soil treated with lime at 0 to 8 meq Ca/100 g soil, are presented in 

Appendix Table 13. The strongest response was to the blanket application of 
complete fertilizer which was applied uniformly to all pots except one set of 

control pots without lime or fertilizer. Considering the short growth period of 
34 days, there was a marked increase in maize dry matter production with lime 

applications up to 4 meq Ca/_00 g soil which raised soil pH from 4.6 to 5.5. 

In a second maize trial with various lime and micronutrient levels, 4 meq 

Ca, plus Zn and B produced the highest dry matter yield, 8.91 g/plant in 34 days 
(Appendix Table 14). This yield was superior to dry matter production from pots 

without lime but not significantly higher than other micronutrient combinations 

at the same lime level of 4 meq Ca. Micronutrients alone appeared to have little, 

if any, influence on yield while lime plus micronutrients showed considerable 

increase in maize growth. A comparison of these two pot experiments conducted at 
the same time and location suggests that both micronutrients and lime were effec­

tively increasing maize growth. 

A third maize experiment in pots with various levels of phosphorus added to 
the soil showed significantlv more dry matter production when 43 kg/ha of P was 

added (Appendix 'lable 15); but apparent increases in yield with still higher P 
levels were not sig nif-icant. Phosphorus and lime combinations were studied in a 

fourth pot trial. The data from t his.; trial are presented in Appendix Table 16. 

Again, ' alone increased dry matter production of 28-day old maize plants; how­

ever, the res;ponse to P was still !greater when lime was applied at 2 to 4 meq 

Ca/L00 soil. 

As a follow-up to the pot trials a lime x P field experiment was installed 
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in 1.979 at the Calero site. The objective of this study was to determine if the 

pot trial results were applicable under field condlitions. Unfortunately hurri­

cane damage obliterated treatment effects. To test for re,idual effect of the 

lime and P this experiment was replanted to maize in November 1979. Res idual 

trial yields were higher and response to lime was significant, with the highest 

grain yield of 6,260 kg/ha at the highest lime level. and 50 kg P/ha. Mean yields 

were generally low with both experiments and trenatment effects not as strong as 

was expected.
 

On the baisis of thes.e studies lime was applied before planting initial 

transfer experiments at the Calero, Puerto Rico site. Calcium hydroxide was 

applied at a rate of 6 meq Ca/100 gram soil. The original surface soil ol at 

this site (before planting) ranged from pH 4.3 to 4.7. Analyses from post-harvest 

soil samples showed an increase in soil pH with liming to pil 6.1 (PR-48) and pH 

6.4 (PR-55). As soils data from other BSP Eutrustox sites generally had a pl of 

5.'; or higher, only the Calero site required liming. 

The results of the above pot and field trials affirm the merit of applying 

blanket appi icat ions of certain micronutrients to all transfer cxperiments for 

partial. control of soil. variability. The studies also demoliftrate that E:crustox 

with acid surface soil benefit from liming. Such situations are rare, however, 

and are to be exp cted mainly in Lutrustox with a long history of cultivation 

and fertilization witl acidivfying fertilizers. 

' I' j. &, 
MI
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3. PHOSPHORUS PLACEMENT
 

Two phosphorus placement trials were completed in Puerto Rico in 1977 and
 

1980 and another in Brazil in 1980. The objective of these experiments was to
 

determine whether the effectiveness of given amounts of applied phosphate fer­

tilizer can be optimized by placement in bands or rills rather than broadcast.
 

Four placement treatments were studied--rill (beneath seed row), 15-cm band, 

45-cm band and broadcast--each at three or four levels of phosphorus using TSP 

in Puerto Rico and SSP in Brazil. Rows were spaced 75 cm apart. The amounts 

of P applied at each level corresponded Lo the treated portion of the total 

area; thus, the 15-cm band and 45-cm band treatments received 20% and 60%, res­

pectively, as much P as did the broadcast (75 cm) treatment. Rill and broadcast 

treatments had the same amount of applied P in the 1977 experiment. Rill treat­

ments were reduced to 20% of the broadcast levels in the 1980 trials. The Pio­

neer brand hybrid X306B was used as a testcrop in 1977 in Puerto Rico and X304C 

was tseCd in 1980 at both locations. 

(;rain yield data for the first of these experiments appear in Appendix Table 

17. Yields ranged from 5,311 to 8,338 kg/ha for the 1977 Puerto Rico experiment.
 

In the 1.980 trials yields were from 7,378 to 8,523 kg/ha for Puerto Rico and 

5,759 to 8,427 kg/ha for Brazil. In Puerto Rico there were significant yield 

differences among treatments in 1977 but not in 1980. In the first trial broad­

cast applicatinms generally gave tie highest yields, even at lower levels of P, 

whil e the 15-cm band applicat Lon gave the poorest yielId responsc. In Brazil 

treatment effects were signif icant but less clearly defined. For all three 

experiments early growth of maize as evidenced by 30-day plant heights showed 

lhe strongest response to both rate and placement of phosphorus.
 

The yields ohained with the described methods of P placement d id generall.y 

not vary greatly although they were significantli Iowu.r witht:he 15-cm hand 

alpplication in one experiment. However, the :amont o f P appl ied in hands was 

only 20 and 60 percent of the hroadcast. amount for the t5-cm and 45-'m band, 

respectivel,',. The 45-cm hand appl ication thus produced about the same grain 

yield as Lhe broadcast appli.at ion bt with 40 per>pnt le.ss P fertil izei. The 

advantag, o f hand appl icat.ions then is the i-educf'd input of fertil izer with 

generallv I ittie o; no sacrifice in yield resuling in a markedly improved effi­

c iency. 

http:appli.at
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4. 	TILLAGE
 

An experiment designed to determine the soil moisture level most suitable
 

for plowing a Tropeptic EutrUstox in preparation for planting soybeans was con­

ducted at Isabela, Puerto Rico in 1927. After wetting an area of land to field
 

capacity, plots were plowed and disced at lengthening intervals after wetting.
 

Table 11 illustrates the clear relationship between percent soil moisture at
 

plowing and the resulting seedbed quality as reflected by soil aggregate size,
 

number of plants established and soybean grain yield. With increasing soil
 

moisture at the first plowing soil aggregate size was larger, the number of
 

established plants declined and grain yields dropped. Stand Zounts and yields
 

were best when the first plowing was done with 21 percent soil moisture. With
 

over 23 percent soil moisture at the time of the first plowing, cloddy seedbeds
 

resulted in much poorer stands and lower yields.
 

Table 11. 
 Soil moisture level at the time of the first plowing operation and
 
its effect on soil aggregate size, soybean stand and grain yield
 
(PR-Il). Adapted from BSP sponsored thesis research by H. R. Merino
 
Garc~s. Data are means of four replications.
 

Soil Soil Aggregates 	 Plants/Plot/ Grain
 

Moisture 1-25 cm >25 mm 
 Yield
 

% Z 
2 / 

% kg/ha 

25.7 43 b- 57 a 23 b 333 c 

24.6 46 b 
 46 ab 	 33 b 414 bc
 

24.1 48 b 43 abc 	 41 ab 
 624 abc
 

23.6 53 ab 37 bcd 	 411ab 
 668 ab
 

21.1 62 ab 27 cd 	 74 a 
 911 a
 

20.8 69 a 24 d 
 66 a 	 770 a
 

I/ 	Number of plants per plot 25 days after planting. 

2/ 	 Means within columns followed by a common Letter are not significantly 
different at the 0.05 level of probability or error. 
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In this particular soil, 21 percent soil moisture is close to the water
 

content at 15-bar tension or near the wilting point and field capacity (1/3 bar
 

tension) is at about 26 percent water content. The best results were thus
 

achieved when the soil was plowed when it was almost dry.
 

fn three tillage experiments at Isabela in 1978, 1.979 and 1980, standard
 

complete tillage was compared with aiminimum tillage method of seedbed prepara­

tion for maize planted at various in-row plant spacings. The objectives of thesc
 

experiments were (1) to evaluate the suitability of minimum tillage for maize
 

production in Tropeptic Eutrus tox in order to minimize energy costs and reduce 

soil erosion and compaction, (2) to evaluate three different plant population 

densities -- the stand:ard used in transfer experiments, one lower and one higher 

-- and (3) to obtain a basis for evaluating possible effects on maize yields of 

minimum tillage as practiced in the residual transfer experiments. 

The experiment was established in a split-plot design with three replica­

tions. Tillage treatments, assigned to whole-plots, consisted of (1) complete 

tillage; plowing and d [scing twice followed by rotovating just before planting 

by hand, and (2) minimum tillage; weed control with P'araquat and planting by hand 

with no tillage. Later in the season weeds were controlled on all plots by 

shallow hoeing. 

The effects of the three plant densities are discussed in a subsequent sec­

tion. Maize, Pioneer hybrid X304C, was usedt as the testcrop. For the first two 

exper iments v ields were moderatel y low and neither t.ill age nor plant population 

treatments showed any sign,i cant efftcrt. Mai: vi.:e i s were quite high, 7,770 

to 9,446 kg/ , in the i.hird trial but, a!.tioe g, hi gh plant popul at ions si.gnifi-
Cgn k in r.isd vi.1ld, there was again no tillage treatment effect. The data 

from thiis lint ,.:p iii.enL appear in Appenidix Table 1.8. 

A Lrtat it yive counn 1 ion i s that for ma iz p' "c 1kt ion on Tropeptir Entrustox 

[tes .sth:las at I:ib.lai, omlpl Le' tillage preparation for each season is not 

nect,-;sarv and that the residual tra -fe L r i! ,': prob;ably not adversely 

afifected by the minimum tillage practices that wore essential to avoid lateral 

mixing of treatment s.
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5. MULCHING
 

A multching experiment using Pioneer brand X304C maize as the testcrop was
 

conducted during the 1980 dry season at the Jaiba, Brazil primary site. Eight
 

levels of dry maize stover, ranging from 0 to 12,500 kg/ha, were applied before
 

planting. (The higher levels of maize stover used in this experiment are repre­

sentative of stover production possible for hybrid maize under good field condi­

tions.) All plots were given a uniform application of 25, 30, and 25 kg/ha of
 

N, P, and K, respectively.
 

The highest level of applied stover (12,500 kg/ha) produced significantly
 

more grain and heavier ears than all other treatments except the second highest 

level. There were no significant differences among plant counts per plot, ruling 

out any population effects on yield. The low grain yields for all treatments, 

as seen in Appendix Table 19, resulted from moisture stress during growth as 

irrigations were applied only when plants displayed stress symptoms.
 

The marked yield increase from 657 to 2,544 kg/ha by using up to 12,500 

kg/ha of dry maize stover is attributed largely to soil moisture conservation. 

The experiment thus showed that maize stover, as a crop mulch, can increase 

yields appreciably where moisture stress is a problem. 

6. AIZE PLANT DENSITY 

Unirrigated studies were conducted at Jaiba, Brazil to determine possible 

maize grain yield impovement with increased plant populations through various 

planting patterns. The first of these trials was carried out in the 1976-77 wet 

seasorr and had 3 varie .Les planted in rows 50, 75 and 100 cm apart and at 20,000, 

40,000 and 00,000 plamits/ha. 

Rena rd ess of variety and population, between row spacing had no significarc 

eff-ect cn inaize yield Varietal. differenc.es in yield were not significant at 

20,000 ulaiii/ha, Lit tli vairietv Piranao outvi elded both Phoenix 1110 and Cateto 

dC Col Om ii wi n 11 wCrc );-own at 40,000 -ind 00,000 plants/ha. Grain yields of 

P iranwic and r to vat tt were sigvi f icinriv improved from 4,837 to 6,615 and 

to "/4!' whenfrom 3,910 4, /i u-ect)ive , poptiit ions were raised from 20,000 

to 40,000 piants/ha. TIhe re-spon:set 1or two varieties are shown in Fig. 7. 

Phen ix 1 10 t-;howed rio s ignificant response to increased plant poinil;itions. 

http:differenc.es
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A follow-up experiment, conducted in the 1977-78 wet season, was laid out 

in the plant density "wheel" design rather than a conventional pattern. The 

objective of the experiment was to evaluate a wide range of maize plant stands 

from low popuiatvC.ons to relatively high plant densit:ies using a well adapted 

hybrid maize. Fertilizer was appli ed but the trial received no supplemental 

ir riga t ion 'lc'w, tv-five concentric circles plus borders were, p] anted to 124 

maize hills u-ich. Space between concentric circles was adjusted to give plant 

populations from approximately 6,600 to 70,000 plants/ha from the outside to 

the inside circles. 

A summary of the results of this experiment are presented in Appendix 

Table 20. YieLd components such as number of ears per plant, grain weight 

6000. 
Vri ;ft. Cateto Co/ottr, 

5000 

7000 

6000. 

va,,efy f, w o 

Fig. 7 

Results of a maize variety 
trial conducted at Jaiba, 
Brazil, to determine opti­
mum planting density 
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per plant and mean ear weight were increased nearly three fo]d by reducing from 

70,000 to 6,600 pliants/ha. On the other hand, grain yield per unit of area was 

drastically reduced by lowered population density. 

Al. ioiJi withi a meci;anized system of J,rm1-1,ing it wou]d be difficult to dupI.i­

cate the hiigh densitYv pattern found near the center of the density "wheel'" expe­

riment, 11111('1hOf Lhe maize in tropical- couintiies is pl1anted and cu.tivated by hand 

and traditionallv maize populitions are low. These hand-sown and cuiitivated 

fields could be planted ;t higher densities similar to the best v'iel.ding part of 

the density "wheel" th,'-ebv increasing yields considerably, assuming that suitable 

maize varieties an(l other n:ce si;-y itpits are available. 

In the moistrfi i tre-;s .,x I evel density Lrial. described -in a previous sec­

tion the Ca crcill hrand l1 ,b rid III produced significantl y higher irain yields at 

55,000 and 85,000 pl;mts/hia than at: 33,000 plants. Plant lodging at the highest 

density was serious (20:-) uL vi.eld difference between 55,000 and 85,000 plants/ 

ha was not significant, as shown in Appendix Table 12. 

In a mnize densit- experiment at Isabel a, Puerto Rico, yields were higher 

and signifi-antlv inciceased by closer spacings,; grain yieLls were 9,360 and 8,883 

kg/ha wiLh 20 and 23 cm between plants, respectively and 7,972 kg/ha with 27 cm 

plant spatcinlg. The in-row spacings of 20, 23 and 27 cm corresponded to popula­

tions of about 66,700, 58,000, and 149,400 plants/ha. Experiment results are 

shown in Appendix Ta ble 18. 

The effect of maize plant density on yield varies with varieties, management 

and seasons but geyne- allI a popi!.ation of 55,000 to 60,000 plants per hectare is 

recommended for Lii trustcx sites on the basis of experiments ill Puer to Rico and 

Brazil. 

- -.. . .. 

V,. - A . - ' L,: . "q AA maize densitv oxperim.nt,
 

., , .. W ) h .i ,i at: ja i ha
1., ,dos, 

. "' ., . . , lie , Br,jz i - t:he concent+ri­thowsl
A., . . . .4 ,, , . t " . " ' ', -

C,I la I.I*:jo~ 

http:oxperim.nt
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7. MAIZE PLANTING DATE 

At the Brazil primary site, one var:ietv each of maize (Carg:ill 1.11C) and 

sorghum (BR-300) was planted in the wet season at 20 day intervals from 15 

October 1978 to 3 January 1979. All_ plots were fertilized uniformLy w:i th 20 

kg/ha N, 60 kg", i t 5 and 30 kg/ha K.0 in this uni rri paLed experiment. Due to 

poor egerminaLt Lon and bird damage at t:he maturity of sorghum, only maize will be 

di s i ssed lie re. 

The results of thiis experiment are presented in Appendix Table 21. The 

data show that grain ,iold and muen car wei ght: decreased is plant ing date was 

delayed. hlhef i al pl anting, 3 January 1979, was signif icant ly lower in grain 

yield and Me:an car we i it and higher in lodg ing percentage at harvest than the 

other torc pl:iiit n.s. The 15 October planting produced 6,286 kg/ha of grain vs 

2,098 k,/ha for tihe Jniuari plamting. The data strongly suipport early planting 

for the ,a ih, Arca, pipferab!y no later tan mid-November. For uniirrigated 

mnaizc product'ion inathe ,Liihli area lack of rain fall is often a severely limiting 

factr withl later planting s as the dry season generally begins in March (see 

Fig . .) 

8. MAILZE COMPOSITE POPULATION TMPROVEMENT 

This study was des irned to develop a maize germp!;ism pool especially suited 

for the Cerr:ado regon of northern Minas Cerais in Brazil. Four cycles of mass 

sel ect ion and reecomh inat ion were oimpl cLod from 1 19 to 1980 in sh ont u inuing 

ma.zux impruvemernt sc nm,,. The initiala pl anting, om cycle,, was composed of H8 

vaript ir o1f i "e w ii ermpl a am I ct iconict , , E . KassIfcm : rd,''tI coI maintair by AIR'RAP 

srilct'ii wi s n, ,m e li:;liid for three aidlit iie al c i.le. before the r 'SPconc luded 

work in :i I huti "I Al:\ i C r I i t for this. promisingBraz T unclassmpspn- v ciont:ininn, 

coMnpi.- to imnprOV. Iemti . 

Se 1eoction prissreS werme kept at . minimun inithese early cycles of selec­

tion to prevent to" meuch Loss of genretic varijability (inbreeding coef icient. 

los tha;h n 5; par ,,lI). The Pftoot.s of Sel'inq im or a desirable plant type 

and mnaturaIuiv rornuuit lotin pioseics s have soeci s producd linounctd changes 

in this comrposi , iii inln First four gen ltions . Observed p niiat ii changes 

incl ude lownr and mr' unifirm 1ulit llie ,ighit, dIiscast re istaie, Iless sSuepti­

bility to lodging, and greater prol ificacy (miult iple Pirs per plait). This 
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selection program is expected to produce the first maize composite germplasm 

pool for this area of Brazil. All maize currently grown in the Jaiba region was 
developed elsewhiere and it is anticipated that from this adapted conposite maize 

pool, aft er lurto r cycles.; of seection, a new variety can-he developed and re­

leased. Inbred maize tines and synthetic varieties -ould also be derived from 

this g ermp lasm poo . 

9. MULTIPLE CROPPi NC 

f 


to December 1980 at the JAiW"., Brai prima ry' sire. Thi i 


A seri o(ifour iulticropping exerimei ,ere conductel from August 1978 

stud, wa; designed to
 

explore metlod;s nc! a,, , od tLion on 1 5 11 lni area tlr irri-­of mi-yinii ,l u,,h 

gatedt, int i.s tnsi ivg . :0 s:imall iic oC than' -'v: Ormin. upp:iq; area n.,uper.(me(nLs, 

r ireln a'' s aclin:'.o rha r. ;t <Liliza-­20) m 20m, oW . :n " l u'Vw crop plant fn to 

tion of tlie ()' n ,r.Aqi el s- n 

Tho our c'",. , c:. imin. involved i rptlO ting =6c ,o' a "FIS 0,­

differeut combin iai ,. i : , c'rop in an attempt to m..tmizL e it izoL ic, of in­

puts and obt.tain the ieh s L: ,' 'im c t :irn. ResuIit of I, n- cy'lts. a I onp 

xpwim Klb 

mg1to vial.ie&. a used a toC i-ii,;l i' i i es ,,rv'; oroutlit he j.a.it ! 5i,rh ; 1. 

From these Ao i AI h S. t K.t 

with e;t natul conmiu VetWir; ..r preseo ted n ra 21. Approxii­

e -V vLI., u . m a as arro_::. :vnd ,on s; 

were steiady;- inuom,-e'20 rn:rs. Dry beaons ar' luible as a st: maru r ii: coro and 

can inolh, Nin :i ;Ct , . ,nnr ihition to the diet oif Lii fi in familv. '.W ine showed 

j,)to t. ial for ac'dptalv yields in this type ofilarimling, but sh.ip rl,1 hei-ha ps
olmitt a on a. ino .1 'tPn ]i.i-riL ,t,, esd iiiof ,..lCO i 'i' c, mor e ' cmpan ioln 

crops sicth an -cion:-; :ni beans. (Casosava :lso a ppoIar.c:]I to bnZe iappro')pr i-ite to 

ihin. i:'2e oF aInag1m'Innt s;stemi. Tle two probIlems assoia [;]ed withI cassava were 

stCong, ronpct i' i.vencq;s and Lhe lIon' gowth peri.od to harvest (9 mon ths). Squs.h-li, 

itf priJventd lo ot iimiit t o Com tihou,,h dela'.yed pl'inti giiipetiti.ve or trellising, 

was ve 'v prodour. 

for the 27-mnn-hs period during which the four cyclOs were completed the 

total est WLt 'ui, from th'e w'sQ i-iwnii' cn produce $1,160 (see Appendix Table 

22) wieprumo tWtI -::pelses Inc iecr iloizers and spr inkler irrigation equipment­

aiiioui'Lid to about $375. Use ofifurrow irri.gat ion instead of a sprinkler system
 

wonld reduce these costs to about $100. 

The study demonst rated how sma 1l plots of land can be intensively utilized 

http:iiipetiti.ve
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with modest inputs to effectively improve the quantity and quality of the diet
 

of resource-poor farm families.
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BSP Field Day in Jaiba, Brazil 
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V, DISSEMINATION, LINKAGES AND IMPACT
 

A. CONFERENCES, SEMINARS AND WORKSHOPS
 

1. PROFESS [ONAL CONFERENCES 

The Benchmark Soils Project was exposed and discussed at many international 

meetings. Mentioned here, in chronological order, are those at which the UPR/BSP 

had direct inputs.
 

a. Medellin, Colombia
 

In an effort to familiarize agricultural scientists and institutions 
in Latin
 

America with the BSP and 
to stimulate interest and cooperation, a paper descri­

bing the rationale, research strategy and experimental methodology of the pro­

ject was presented, in Spanish, at the Fifth la.tin 
American Congress of Soil
 

Science held i-nMedell in, Colombia, in August 1975. The paper met with a very
 

favorable response and was subsequentl.y published in the transactions of the
 

congress (see BILIOGRAPHY in the Appendix).
 

b. ICRISAT, India
 

The BSP concept of agrotechnology transfer on 
the basis of soil classifica­

tion figured prominently at an international Seminar on the Use of Soil Survey 

and CIassification in Planning and Implementing Agricultural Development in the 

Trop:ics held at ICRISAT in Hyderabad, India, in January 1976. The meeting was 

jointly sponsored by the 11iversity of Hawaii, ICRTSAT and the US University 

Consortium on Soi.ls of the Tropi-s. It was attended by senior natural resource 

planners and soil scienris:ts from about thirty countries mainly in Africa and 
Asia. This very sucressful. confe rence generated much enthbusiasm for the BSP, 

ref-lect ing ! general acceptance of the concepts and procedures of the BSP. The 

papers piresent ed a t the conference were edited by Dr. L.D. Swinda] e and published 
by the Unive -sity of Itirwai-i in a book, Soil Resource Data for Agricultural. Devel­

opment , that wis distri.buted worldwide. 



88 

c. Kuala LIumpur, Malaysia 

A paper co-authored by Drs. L.D. Swindale, J.A. Silva and F.H. Beinroth and 

titled "The Benchmark Soils Project--An innovative approach to agrotechnology 

transfer" was presented in a plenary session of the Conference on Classification 

and Management of Tr-opical Soils (CILAMATROPS) held in KuaLa Lumpur, Malaysia, in 

August 1977. The meet in g was organized by the Malaysian Soil Science Society as 

an activity of Commissiuns IV and V of the International Society of Soil Science. 

t was attended by over 300 scientists from 25 countries. The paper, forcefully 

presented by Dr. Swindale, was very well received and has been published in the 

confLerence proceedings. 

d. Mayaguez, Puerto Rico 

The First Conference on Fertilizer Technology Transfer in Puerto Rico, 

jointly sponsored by the University of Puerto Rico and the Tennessee Valley 

Authority and held in Mayaguez, Puerto Rico, in December 1980, provided the 

UPR/BSP with the opportunity to present a paper on the "Use of soil classifica­

tion for agrotechnology transfer in the tropics" and to discuss project results. 

The audience, which comprised representatives from TVA and all agricultural 

agencies of Puerto Rico, included many extension workers. The proceedings of 

this conference are now in press and will be published in English and Spanish. 

e. Palmerston North, New Zealand
 

The project's dissemination efforts to date climaxed at the international 

Conference on Soils with Variable Charge held at Massey University in Palmerston 

North, New Zealand, in February 1981. The BS' had been invited to present a 

symposium at this conference which was organized by the New Zenland Society of 

Soil SciencL as a meeting of several commissions of the international Society of 

Soil Science. About 300 pedologists, agronomists, meteorologists, and other 

scientists from all over the world were in attendance. The conference was 

acclaimed by many participants as one of the best such c'nferences they have 

attended. It is noteworthy that one complete day--one sixth of the conference-­

was dedicated to the BSP. 

The program of the BSP symposium was designed to proceed from generalities 

to specifics. The first two papers thus had the purpose of providing the philo­

sophical framework for soil-based agrotechnology transfer. lt was advantageous 
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that two speakers of unquestioned authority and international stature, Dr. L.D. 

Swindale, Director-General of ICRISAT and Dr. R. W. Arnold, Director of Soils, 

USDA-SCS, agreed to present the first papers. Their incisive speeches provided 

the proper perspective of agrotechnology transfer in a comprehensive context and 

added weight and substance to the concepts tinder study in the BSP. This was 

followed by a serios of more specific papers by BSP staff on the project ration­

ale, activities and progress to date. Special reports were presented by the BSP 

in-country Project Leaders and by heads of cooperating host country instittitions. 

Displays of project background and research findings to ether with a conti­

nuous narrated slide show were installed in a room adjacent to the main confe­

rence hall. The "Bc.,chmark Room" attracted a constant stream of visitors and 

many commendations were received. 

The lively and perceptive discussions tht followed all BSP presentations 

reflected a more than polite interest in the project and the overall reaction to 

the BSP was distinctly positive. 

2. SEMINARS 

In May 1978 UPR's Principal Investigator gave a one-hour seminar on the BSP
 

in Rio de Janeiro, Brazil. The audience were staff of EMBRAPA's Servico de
 

Levantament e Conservacao de Solos (SNLCS) and faculty and students of the Uni­

versidad Federal Rural de Rio de Janeiro. The illustrated lecture met with an
 

excellent response. Enhanced by a vivid discussion, it created a keener aware­

,less and perception of the BSP in the general context of agricultural develop­

ment. More specifically, it also triggered SNLCS interest in establishing a
 

national benchmark soils network. 

Two BSP seminars were presented in 1980 and 1.981 at the University of Puerto
 

Rico, one to students of the College of Agricultural Sciences and one to a
 

campus-wide audience.
 

Following an invitation by and with complete financial support from the
 

Centro Nacional de Inve:;tigaciones Agropecugrias (CE-NIAP) in Maracay, Venezuela, 

three one-hour seminars were delivered in Maracay in December 1981 to CENIAP 

staff and faculty and students of the Postgraduate School of the University of 

Maracay. The lectures dealt with principles of soil-based agrotechnology 

transfer, the Benchmark Soils Project per Ie, and thn utilization of BSP concepts 

and results on a broader scale. The response to thes<. seminars and the interest 

they generated were very encouraging.
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3. PLANNING MEETINGS
 

a. ICRISAT, India
 

In October 1978 a Workshop on Operational Implications of Agrotechnology 

Transference Research was held at ICRISAT in Hyder:,dad, India. The workshop was 

initiated by Dr. T.S. Gill of ALD, co-sponsored by AID and ICRISAT, and orga­

nized and hosted by ICRISAT. 

The purpose of the workshop was to explore the implications of the use of 

the benchmark soils concept for agrotechnology transfer beyond the limits of 
the current BSP and to make recommendations for follow-up activities. The work­

shop broughL together twenty-two leaders in soil science and agricultural devel­

opment planning , ri-presentatives of All), the World Bank, T'AO of the United 

Nations, the UJS University Consortium on Soils of the Tropics, several of the 

[nternit iona 1 Agricultural Research Centers, and the I eadership of the BSP. 

Three parti'iCipants were financially sUpported with funds from the UPR/BSP. 

The worklShop was an unqualified success and marked the first significant 

step toward the development of a strategy for the utilization of BSP concepts 

in a worldw ide Iietwork. 

' 

Par't:ic ipanits aL t, CRISA P Wor kshop 
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b. FAQ, Italy
 

In a further effort to pave the way for an effective utilization of the
 

principles underlying the BSP and concepts rel-ated to it, a Panel Consultation
 

on the Strategy for Land Evaluation and Agrotechnology Transfer in the Tropics
 

and 	Subtropics was held at the headquarters of the Food and Agr icuture Organi­

zation (FA)) of the Un ited NaLions in Rome, Italy, from 10 to 12 March 1980.
 

The 	meeting was initiviLted by the Puerto Rico project, organized jointly by 

UPR/BSI' and FAO, and hosted by FAO.
 

In attendance were t:wentv-two disrtingished soil scijent ists and adr inis­

trators of national and interinationall programs. they represented ACSAD, Syria
 

(1); AIr) (1) Cornell Universitv (1); EMBRAPA, Brazil (1); EPAMfG, Brazil (1);
 

FA, '; FIGNR, Federal Republ i of Germany, (1); ISM, The Netherlands (1); 

ORSTOM, France (i); PUnivers iLy of Gient, Belgiun (2); US)A-S.S (1); and the
 

lawaii and Puerto Rico BS1 (3).
 

The 	intent of tile meet ing was to levelop a sti-;ategy for land evaluation 

research and soil--hsel tLrans"ers of a ro prridultiLion technoLogy at ain interna­

tional level in the trop ics and stibtrcoplis. The specific objectives were: 

1. 	To1 devise a framework tor tlhe effect ive uti.ization transference 
resear httLit Ctobies nationail iand internataional efforts and 

proiotes the ;pplicat ion of its restii.t s in development work, 

2. 	 To detertin v.h-! needs to be done bV whom, when, wlere and 
how to establ is t etrelat ionships between soil charact:eristics 
and crop reqiirement s in orlert to obta[in a sotunld basis for soil. 
survey interpreta il nand land evaluat ion, and 

3. 	To assi.st tiLhe Benc hmiarIk Soils ProjeeL in deveLoping a modis 
oper< nrdi for the it t i l it ion phase of the pto ect within the 

'Oill . of - comprehenstthenc;ive erlat ional efforts. 

The formtu Of Lhe p)ri'mic c:'dptsizod dtiscussioin aid dialoguie ratlher thar 

the formal iesen'tn it.j nolt .tPrip.rs. Tliere wOre six teclnical sessions; one 

devoted to tl,, p i cisn it ion of bckl gi llnd info rmt ion and five tn the various 

aspict.s the ] i t tth ting.It, elti ',;c tl .' Itee 

ilhe eth It i, ii ; ) l (ot iPtle oil wtl-(' suttiwiumarized 1n a set ot Lentite 	 sit 

spiecifi' re icmmalit inlIt:-c whii li iive licett Iliul is ted as BSP leiflet 03-E, in 

October 1980. i( ,dtti ins h.o tble imple­tlho r', will valui in cton'eiing,alnd 

- i iil I sio 1 se ef the, ,lementi i1'ia ienil ificm ', tp-,aLt ni otic s nd i'in i n pha, ciir t 

BSP. the Panel CeitsultLit ion Lhus ac'hieved rto slitedl b ecLives. The suc.ess of 

sc-c
the 	mieeting can be atLrihitttd to the Ihigi pro' iotnil cal it,'r oi the participants, 

http:tPrip.rs
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the congenial atmosphere of the discussions, and to a well-conceived program
 

that provided 
a specific framework for the deliberations.
 

4. INTIRNATIONAl, SOIL CLASSI F1 CATION WORKSHOPS 

With the objecLive to refine Soil Taxonomy relative to 
the soils of the
 

tropics and snbtropics, a series of foIr internatiail soil classification work­
shops were ctihlorut, d as a companion aitivity i, the BSP. The workshops were ini­

tiated and orchtestratted by PR's Prinrip Inven;t igatin r, l)r. F. i. Reinrot h, in
 

cooperation ..ithhhl;iCot il{ry 
 instltui ilons, the UlDA Soil Conservit ion Service, 

the Univecrsitv o ;l t , Be lgium, andI tlie BSP. Three ti tie w rkshnps were
 

funded tind tr s fitlim Al) I it JPR 
 and one hb an AlD)-sponsoret program of the 

USDA Soil ('innevti"on Service. lie workshops were hold in: 

Biazi, 20 Ino to I July 1977, in cooproition with tie Servico 
Nacion-i] d e,':inLamen;oLov cm(onservta;io de Sols of EIIBRAPA, 

Nalav.s idtl indTalanid, 28 Aigust L 9 Septemlber 1978, in cooperation
with Lt ha c nit-.t f At re M.,a lAndi nlLu of lavsi a, lie Development 
Deparltment jl Til~Ai inll, And! tile Sootulieast A:ian Celter for Grduate 
Study Aind .s~rh
in Agriciltre (SI(ARCA), 

Sy rJia .and N.inon,, to sl 1980,i t 11 2/i. April in cooperition wijth the
 
Arib tel {u"l 1"tio SL tU!id'of Arid Zotnes; and DrV Lands (ACSAD)
r ­
with N' fI low-tup Hintt og iii Atliens., Groome, I t 3 May 1980, in
 
co Illaho rati n wit i tieo So il Sc ien. , InstiLti[ , ,Ministryof
 
Agricu~r Ni e0, cinrd
GrunacaI 


o Ito lit, 1981,Rwainda , 2 12 in monperaLt on with, ti l nst i tute des 
Sc iecei's Agircinn qes du Rwa ndta (1ISAR), tie Al geineen Best nnr voor
 
Ont .iLi.Ci:l i S tienwe I:iii,. (H.\lOS)of lhylgium, and thlui So i I <anagu­
mont Sipitpot Kmvtits of Lt.h VS)IA-SCS.
 

The woksl;lip otius ontl lie reeftlet in it ion of cortain Soil'laxonomv differ­

ent iae and &lassor: of soils "I the lt ower ILitudes in an .tteipt to hotter iden-


Lify tluse ;o ils ,ld thuii improve tIe quality or soil.h1,-"''ys and soil. 

inter protat ion s . lie oc mrti'icular kinds ndeor aItr so ils unI study the wtrkshops 

were Alfiso l,;and (i ltisnls wit h It.w act ivity clay;, [ixiso ls, A-iidisols, and soils 

dervided Iromh volcanit 
asI. Withi the except ion o: Arit!isol.;, :ie bers nf all. of 

the menioniuiti I " so il<s are stuclasses F ied t lie DSP. 

Ittiireci t ivities are planned for tile Su aln in 1982 and Latin America in 1983. 
They wi Illconcern Ven iso 1s and Andisols. 
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A4
 

Dr. 1).- Lcamy tFrom iN(t.' zoiz I anc (on 1ider) XAfi15SOLI1 
p)CCfi 0 dur.inrvhtc Vour th lnhturnciIi nn Soi I C lass FL c-. t-iort 

WorLshop in Rwanda 
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The workshops had a balanced number of conference sessions and field trips. 
The more theoretical considerations advanced during the indoor sessions toiLd
 

thus be examined in thLoI -ield in tile li.ght of criti-cal e:.xanmples of the soils
 

under sc rutLiL v. Tho procoedings of the Fj rst two workshops have heen publiished
 

ant d ri.-ii tLci wo r ciw ide; lie Lwo others :11-e in prepmraLiM.
 

Tl works.;ho).s were atLtended 
by except Lonal groups or interna tional v renowned 

ped)LI . sIsLI preselt inmit Intt;iona I tnsL tit ons, i ivers it i es, nat ional and 

b il, r:ilI S0 I Uuu '' )r1-0.,L',atii , an)II V icLitS Pgove rilric nt a ile c i e-s from a I I over the 

worl I. TheY ;l!so en o,.Ud tiie aCtive part [' ip ionOf 1arge numlbers of soi I 

& i 'tiZ;t I tile IiS-t t'intL:ri us . At t ie fir st two workshops timu.1presIence of1t Lvm 

the l:L e Dr. ;tiv 1).Siniili, tlct prl tipal aulthor of o l i;iY:ttn(.iiuv, was oi partLi-

Ciiill- illipil(L.
 

iieio t;ll be to doub Ilhat 1ie Iour- wOrSi)-olll ,re )iitu V SicCeSsfii I nd that 

r.le t 1 'S W.-'I, PIIL 111 10 F-0l-iiliM 01y:-I 1ilt 1t tI I on v. Theuse at t. iv i es a Iso 
I,Ier;I toL I ( tIl I icLtI rci iL iiig!!'." l iuut .;i i tnsitei I o (!. IvC :111d iib I 1( 

oiir i:,it i'n (itul in Ov ,soil; of t it t tIpic': ':id sut' ropics. These data 
consI tntt _ V1vi l1t b ln ' li !i ionlS [0 Lolhe I' i i tto B; 1ink. I t wa .aI St) obv i oIis at 

tIlc, nwot iii}'s' L So 'I i: MV Ill it; S ' it, 1t ,uageIi I iiI L'L' :) IIt d ' I ln for ilter1aL',1­

i11t l to1mtit I I'Itii I lifi,; p tI 0 iISfS; i-; be ii('O.l IIiii lvI ' i eLie(It i elenIl, ani ii 

I0og,>, tL p1-1 i so] a).so the t erna t i ona Iis ci l id for i t-;ln f o 0 ; rot Cc llno-
I oi',y. 

Ilie so 11 'c -ii "It ion ,r-ks to ps..
 c I e I yrv mtal e ; ion . r i but i o of cellt ral. 

tulpO t) t( i It io of byr t ai'' te iii i Za ISP rolt eptL re fin jug tiLhe so I taxionomiic units 

thLMt- ae basis t rztn '- andt by promioting the use ()f Soil Taxo­ieu f-l-kniwledge fet-s 

nioiIly in the Third Wo)rld. 

F"' / I t:ip ,I)!r t I tII F0urthIId 
9" -i,. t:. i nic I SoilI Class 7iLU­n~~a1717 

1~~~' ' ' 11jti i Mttr k ;hnp ill Rwk'i rida 

m >-t
 

,_ .:.V ,. .
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B. FIELD DAY
 

A field clay was at aid in i.nheld ,laiba Janaula Brazil. OcLober 1980 to fami­
liarize a lirter n-c on ty ;IIiHence with the phi0losophby , res earch and imp] i.ca­

tion of the eln :hrnark Soils Project:. 

The meet i.og was convened by I'lPAMIG,, UI'R's rollabor<:ting agency in Minas
 
Gerlais, nlldit.-; 
 priei;imL e'xtended personal invitations to al1.1 relevan t organi­

Zn:t ions and inilviduals< in Minas (,erai.s and to LMBRAP:A, the national 
 research 

titv-.<~ven
( ol-es iMona.l r-pr en-inll tilIVSit oiat( s i 01 t I cs, iolna I and staLe
 

, licnei-['s,, pr v (teo llili 
 Var jx 'itiM(2;i-Ii, and ext 0 

g,cnL'n ; illnI in1i' r i ii ,i n a r a ici - rtrL i ' i p l 1 Cd in fi d y. ev d 


es :Il) i develo i nL 5si.on 

t h e 2 1d 'V' i o d 

6 r-,'aii i '-4,, Mlii Sit i slk , I Ihon iuiulli-ijst, I '1 i it:olois t, 10 irriga-

Ioni pi : I ip t 3 %0 cL:ici in ;, i iJ) ,l'i I i s , 2 iprofressors of 

i S c li . , l) ri c I.Is IIi -; :, I Il i t i- , I 0(1 5 oltIi- rn ss il t pro n a I s. The 

I\1c-L 1pi100llc ; -i 1i:p 1h', S lii 111 . i i L1,:111 i i lit:r itc v..-i. le i l L 'tesL 

in tilt1 Bi;I' C'on 'pt. 01 :rll, & iltIolo t r:ils-I2V. 

4 it;I LiOilt-
TihLc3-dtav ev il! 11'ltil i i ;t- ,vu 1 oi i(, tl- jt;.i(Mn, f- IIMl ed by a 

I'll ii I p Ii () l i pIti Ld eV () 1t 01-s i L' i t)O H oss i, bt1Ll OX; :ik,:)t l ,It l1 lo.' t l 

pilir tLic I l) L:Cs t. I i T[Ii f ini
si I t II I I Elk'!liIi -t w) 11t ;nII il!; IIn - l P the 
p1)r-C il tLi d;,.';Vli_, :-: C id is-, f i, fl 1l,l : i il L i IC I55-ion i .,I--Il()( . At 
t.le c ollicIn, tio iI~i y, I ' pa ve niie, I (nl Ii<p:ll i't x,.'i t ;lec i;il 1, prep;ired 
set ol .in alttl~l I ) i v.'it l ll lti-i;illrio'lltres And 'etn, ili(lllttilt ;ihot h I ISP l 

'lit li I! ic i el t'lt,<tivini, ,l it<> objet iye f in, ,iv i kpt1tnrm 

;i 
 TI cll_C1i Li ,l iuI uI v 1i:r.S til:; i ri t, ) l t eins, ficrn is ;I c r inc. ns! d v" t a;ii, it F 
"ize, i l2S s eair cl e'foi-t 1-iSO ti !; lll. I K0CI l ;(,<i rol h(1 111(1 [1i-,idIt di atn 

i I1tstlIiild int I ;I' ii ac t i vits. ss ftII"i . 

fl)lI 
DSI ,i(it'cIiI (l),m:in l 'In 
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C, INFORMATION DISSEMINATION AND PUBLICATIONS
 

Under the leadership of Ms. Cynthia L. Garver, Editor and Communication
 

Coordinator with the UII/BSP, the project has developed a sizeable and effective 

information dissemination and publication program. Only some of the publications
 

produced with inputs from the UPR/BSP are mentioned here. 

Two illustrated leaflets describing the BSP and its concepts were published 

in English, French and Spanish in 1978 and widely distributed. A series of "BSP 

Technical Reports" covered research aspects such as the soils of the BSP network 

and statistical procedures. The informal "BSP Communique" keeps the BSP person­

nel dispersed in six countries up-to-date and cumunicado. The quarter]v "Bench­

mark Soils News" provides the main vehicle For the rapid dissemination of project 

results and other relevant developments. It is coutinely mailed to 1,275 indi­

viduals and organizations in 89 countries. 

Specifically addressed to an audience in Brazil. were four technical articles 

on ihe BSP and its work in Minas Cerais which, together with an interview with 

UPR's Principal Investigator, were published in Portuguese in the "Informe Agro­

pecuirio," a Brazil ian journal of agriculture (no. 61, 1980, pp. 69-79 and 83-84). 

In October 1978, Dr. Nyle C. Brady, editor of Advances in Agronomy, invited 

Drs. F. 11.Beinroth and G. Uehara to prepare an article on the benchmark soils 

concept for the 1980 issue of this prestigious journal. To ensure a complete 

and authoritative coverage of the subject and a paper of high professional stan­

dards, Drs. R. W. Arnold, F. B. Cady and J. A. Silva were included as co-authors. 

After editing by Ms. Carver, the manuscript was submitted to Dr. Brady in Novem­

ber 1979 and pubLislhed in Volume 33 of Advances in Agronomy.
 

This and other publications prepared by Ull/BSP staff are listed in the
 

BIBLIOGRAPHY contained in the Appendix.
 

D. LINKAGES
 

The estab].ishment and maintenance of linkages was an essential element of 

the BSP and has been actively pursued since project inception. These efforts 

resulted in a worldwide network of viable connections. 

In the course of project activities, the Ul'R/BSP was conl:rac tually affili­

ated with the Empresa de lesqli.sa Agropecui ria de Minas Gerais (EPAMIG) in 

Brazil, North Carolina State University, the University of Kentucky, and Utah 

http:lesqli.sa
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State University. Iormal I inkages whicl ensued co I Iaborative act iv it Us were 

established witlh the Food and Agriultire organnizliton (FAn) of tie United 

Nations, the Impr , , Brasileir, d u Pe .squisa Agropectui rin (FIBR..\I'.\), ICRISAT in 

Ind ;i, the IntL rn !aional Soybean 'r-o gram (1N'I'SOY), tle Cent. - Nai'imAl de Pe s­

qulisa de Mi Iio e Soro (CNPMS) in Br'azil, and the US)A Soil Coiiservation Srvice. 

Also involved in U_)R/lSlt ativities were tlie Federal Inst ittie for Gttus,-en­

ces and Ntural Resotrres o West (;t'"inlan1; rhe OFfic de IN Retc'rchde Sti,entil­

que et 'lt'tIn ictiqn' Ou re-Moi' (ORSTOM) of France; the Arab Ceinter for tie StLidies 

of Arid Zones antrl ary (ACSAD) in Syr i a; Universitv of Chent, BIelg ium;lnds the 

Co nl'il oiversiLv; ili Internationaal Soil Mtseuilm (ISM) In Tile N'thierand ; ;and 

soil survey organizations in Colotbia, tle l)ominican Repiibllic and \eneziieIa. 

In addition a large n'cir of close tintarts witl individualIs and institu­

[tons Ifrom all over the world were developeil at the four internationa I soil rila­

ssific itton worksltops, and at other internat ional tontferentces , meettings anid work­

shots. They' it nt tlt.'v tot he[too' Itfll Is Iisted here. 

-IP t has txce' l leot tl'l I I.! II I.,ii perst nal andl inst it ional co ntatct.s in main,, 

countries o Africa, the Near Fast, Si,,Lleast Asia and litMin Amer ici. These 

tperiat ional l intikages ctonstitute an extru' l itporatL _ asset of tilt' M;SP. '1'hev 

will prove invalutahble in implement ing tol low-up act ivit.ies at a worldwide scale. 

E. PROJECT IMPACT
 

The central concern of the BSP is the t est ing of a soil clIassification based 

methodology for agrotetchnol y Lotyransfer. The fir.st resltlIts obt;ained with a large 

set of experhmenL data are publ islhed ln the present report. It is cunseqiientlv 

utrObaLtr' to assss th1e' roact ion to the finlings of the projet: at thIs tise. 

Similarly, as t lie ,SI was not involved in the actu l transfer of ;igrotectnology, 

it could not have hld dire crt impact on t.lie ag r icultura developtment in LDCs at 

th is po int .
 

The prttjerct was, hotweveer, very stc'cessfuil in treat itng witl awareness of and 

familiri itv with t iLeBSIP and in promoting t li oe of [he bentlhtma rk soils ctoncept 

for lth t ransfer of ag rotelchnolttgy. Plroj er't inipac't ini tlis are:a is evident'ed by 

tilt' invi at ion exttnded Lo the BSI' by tie organizers of the New Zeal antI c'onferenc'o 

who cons itd.'Iro t Itho KS imlpnrtant: noiilgh ti dedicat:e one romp 1 te May' to it. Fitlr­

ther evidenc.' if inter'est in the lISP was the invitation by Dr. N.C. Ir;ln v to pr­

pare a position paper for Advances In Agronomy. Another intli eation of project 
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impact was the wi.llingness of FAO and ICRISAT to organize and host BSP-related
 

strategy 
plannilg meetings. And the extensive circulation of the Benchma rk Soils 

News in 89 countr ies, constant requests for BSIP pub licat ions and frequ~ent inqui­

ries about the project Plearly show that many ind ividuals and inst itut: ions in 

all 	 parts of the world ire familiar with and interusted in the BSP.
 

Impact in Brazil 
 has been more direct and at an opera tional level. Reflect­

ing the acceptance of proj ect concepts, the in.mpresa HraiiM; 'squtisadu. Pe Agro­

pecuria (IMhBRAPA), the national igricultural rusearchi agency, is now initiating
 

the estiblishmrent of a nat ional Len' imark soils n twork 
in Brazil. I M!I.RAI'A's
 

Servico Nacionall de Lev;ntairnento e Conservacao do Sol,,s will be exevtin, this
 

progranm ;iil is begunlan to 
identify Br-az i iin benchmark soils. The development of 
an appropri ate researoh strategy ani design has been deliberatelv postponed to
 

ensure compatil it of. tihe Brazil ian 
 effor-ts with similar research conducted
 

elsewhere tritir a possible fol low-up program to 
 tht BS'.
 

The exis t once 
arnl performance of the BS providc'd the justification and
 
riison d'etLre aid t huis was instrumentLi in tire implemen tation of a new Al1)-spon­

so,-ed programrn, tie Soil Management Surpport Services (SMSS) of the US)A Soil Con­
servrtion Service. 'lTh is piogramn was estiblished in 1980 antd miy he considered an 

outgr-owth of the int:urnational soil cl;,ssification workshops initiated by UPR. 

The overaIl li rpose of the SMSS is to assist LDCs in producing the quia lity re-

Source inventorius that are tire prerequisit for soil-baseo t rarnsfers of agro­

technology. The speciruic objectives of SMSS are to facilitate the utilizartion 

of BSlP concepts by providing short-teri technical assistance to LDCs in all as­

pects of soil sirurvev, furrther- ref-ining Soil Taxonomy with respect to soils of the 
lower l ititiudes, tlraining LDC soil scientists iin soil survey, soil classification 

and soil interpretation, and promoting the use of Soil '7xorromy in th tropics 

and 	 sribtropics. The close relationships between the SMSS and the BS P, and the 

critical inportance of SMS- activsities to the util ization of BSP concepts are 

obv iot,. 

The nra in impact of the BiSP to date, then, has been the creating of wide 
awareness and famil iarity withi the 	project and its philosophy, instigating sup­

port ac ivities, and generating considerable momentum for the use of the bench­
mark soils concept for agrotechnnlogy tr-ansfer. '[ie BSP thus fostered a very 
favorable environment for a more comprehensive follow-up progrmn of wider geogra­

phical. scope. 
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VI, RESULTS IN PERSPECTIVE
 

The results of the UIPR/BSP COnt i Lute a f Lnst qunt i tat Eve subwtatL i:tion 

of the general validity of a Soil Uxonomv-b;isd ipothes is of agrtecIiuiology 

trans fer as posttul ated ', the B;S' imnipitilp lv t Lenchtmark conc'ept.ald OF bi' stoils 

'these tc'noL'ur;ingi t'.rr'es'uttI a it' td' Li he,' ein orcetet oi gre infta { lito research 

ti tit' Ln ''i-. s itv of i:aii iol'tiecl Wit ' L ill v eslV A'5 la r ttie .t'- o expertFimlelt 

data obt-aiL ,id witit a widtr variety of soilis. 

in vicwtt tor tile ittpla 0:itv ofOlt in' ithttit' unider Study and coi s ien ring the 

di fficuilties n'iitt.in math,eatici al ocirino ti:io , the i results of the UPR/ineii, its i 'i] 

BISP are vry raisstrltl. It should hp to ate signifi­titereftire u s'ful Ltevalu the 

cance of tte f indintgs in lie citext o a broaLrttlder pt'rspluei . e 

Ina the projec't crops viel ds were used i.; th e ultimate measure or Lite trans­

lerabiliL, of s i il<iti ,n prac'ti.ctes.. It i we I I Lt remtn mb)hr hee i' t rii yieldseit 


are thlle oveiall. integrat or of to greny lVi -m it andt th.hi'ii L aidri-v ircticts 

imost-; ed at a spc''itic site. Mi:t:itim v 'ilds rs'itilt frim opt mummii citdit inns at all 

tims wiLi resp t it :l ac<iiiid supply of planitt nitrit'ent s , in Adeqtiatte root inrg 
.,nm w -uf ic it'p t nd ' , lo ;nd al ength, plantitti t or" Aim xgt:' uit t1rp,ratu-, 

varite tis wiih the genetic potent ial :o mltk etffeti ve us of enivirnonmentailii aid 

maIinal enteLtl input i,an t t' Ltti fIrotm dispi se es , predators an weteds. The initri­

c',it''' t I hii lotio,' svsiteim is .tl:i tct'rlzc' -, iulit iple, iintier-ac t i ns which are 

e.xct,,dinlyi difficuHlt to qtuantif-y andc l to xp s.:[£5 ma!ttltm1 ica:llv 

This ptirplex:ity ualliude's to som' of Lit' proble,m.s tnt un'tered by tLe BSP in 

sct ientificallv lt it.' Lt Ltransforabilitv Af agrot'lntilogvy by SML-titsti<liy 

Famii lv. Iv rs L oit fli ' r't,tis 'u-.pliii.d in A pi-vious se tiloll, it was ictCessarV 

ttt t issgg':'rte ate tih,.' total svst ''in rte'pomvt' nlo toitniine tite statistical] 'valui­
{Lioit of trtiti~crabiib l] I "\t he .- to It, was'- nlipcts;s;;lres'ponse;, phosphorusli als+o V to 

refinet iP' soi I 'n! d t] it im' pii-,iit,,t 'is sptp'if i'd Ii',' eli, t l init io of Lh' Hit 

I-;u ilv ad'ditional~l sit,, lWl tors pprlformnr' in the<by' iucllik i ;~ b,,Atling! nn1 crop 

tical tio ' hosea wt i 'tme tstat i predic ' t l i s. t tand' re ' ' w'i vn ti .orisil ar iable'A 

noit c:tlls4:fll[_ c A.,i 1 -npot''rimeint s i tes; becausel~t ev are' ot (llunnt i fin{t ), ;B by SO Il 

fanilv di f 'Thiev iowetver, it criLeria.terti t 'e,. ame, cIouse Iy re'lated to S ti-fmin y i 

Second, since no idequaiLe s;at is Ltcal proceduires For the verificatiper of 
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agrotechnology transfer existed prior to 
the project, new techniques had to be
 

developed under the auspices of the BSP. 
 In spite of the experimental and sta­

tistical difficulties the project succeeded in 
providing strong quantitative
 

evidence in support of the stated transfer hypothesis.
 

Moreover, the agronomic results of the project demonstrate that soil fami-


Iles as defined in Soil Taxonomy indeed providu groupings of soils that have
 

relative homogeneity in properties important to plant growth, common and predic­

table responses to m.'iagement practices, and similar crop production potential
 

and thus strat i ly the agroenvironment into dist inct niches of agroproduction. 

This is evidenced, for example, by the very similar maximum vields obtained in
 

Puerto Rico and Brazil with comparable inputs, the absence of response to potas­

sium at both locations, and the fact that one specific variety of maize performed
 

best in the two countries.
 

The combined analysis of larger sets of experiment data still being accumu­

lated by the University of Hawaii project for three d isti ncly different fami­

lies of Eutrusrx, Hlydrandepts and Paleudults will be particularly useful in 

further validating the soi.1 family concept. Even a ca.ual interfamily compari­

son of data obtained 
so far shows that the three soil families are chiaracterized 

by distinctly different patterns of soil behavior. TIhe P-isotherms, for example, 

which are in large measure conditioned by soil family characteristics, are mark­

edly different tOr the three soil families but very similar for all soils of the 

same family. 

The highest mean maize yields were about 9,000 kg/ha for the Eutrustox in
 

Puerto Rico and Brazil, 7,000 kg/ha for the lhvdrandepts and 6,700 kg/ha for the
 

Paleudults. Although these yields are not vastly different, the fertilizer in­

puts necessary to achieve them dA:ifinitely are. Whereas the Eu trustox require(' 

only about 40 kg P1/ha to obtai.n these yields, the Dystrandepts needed 150 kg/ha 

and the Paleudults 100 kg/ha. Furthermore, the l)'strandepts and Paleudults re­

quired substant ial appl icat ions of potassium and lime which were not needed for 

the Eutrustox. The soil management technology devo.,laped for Eutrustox is there­

fore clearly not appl icable to either lystrandepts or Paleudult.s, reflecting the 

soil-spec iicity of agrotechinology transfer as implied in the BSP transfer hypo­

tlies is. 



101 

A very important, yet frequently ignored, attribute of the soil 
family is
 
that it incorporates an 
element of time. Temporal variation, or lack thereof,
 

is introduced into the taxa of Soil Taxonomy through the soil 
moisture and tem­

perature regimes which are cyclic in nature. 
 Appreciation of this fact is of
 
considerable consequence. For example, one crop of corn can be grown in many
 

non-isohyperthermic soils of the temperate region but two or 
more crops are only
 
possible in the isohyperthermic soils that 
are unique tc the tropics. In view
 

of the time dependence of many management practices, 
the soil family, consequent­

ly, also provides a basis for the transfer of experience with perennial crops,
 

farming and cropping systems, and agroforestry. These land use patterns are of
 

particular importance in 
the tropics as they allow the most effective utiliza­

tion of land resources and the year-round growing seasons.
 

it should be mentioned in this context that long-season crops such as bana­

nas, cassava 
or rubber would have been better testcrops for the BSP experiments
 

than maize as they integrate soil family-specific annual variations in heat flux
 

and precipitaLion in their yield performance and also are 
less susceptible to
 

surface soil variability. This was not feasible in the project, however, as 
it
 

would have prevented to conduct 
a large number of consecutive experiments in a
 

relatively short time. Conversely, as the transfer test with maize was quite
 
successful, it is reasonable 
to assume that it would have been 
even more convin­

cing with a long-season indicator crop.
 

In the course of the project it 
became also evident that Soil Taxonomy-based
 

transfers of agroproduction technology transcend the boundaries of specific soil
 
families. If the cause-and-effect relationships of cultural practices 
are known
 

and related to soil taxonomic differentiae, these practices can be extrapolated
 

to all other classes of soils that 
have the combination of characteristics cri­

tical to a given land use. Soil classification therefore defines 
the sphere of 

applicability of agrotechnology developed at a research sit:e. It is thus a key 

element in the transfer process and, in coinjunction with resource inventories, 

provides the vehicle for the wide geograplic diffusion of agr icultural experience. 

On the basis of t:his and other concepts developed by the BSP, a conceptual 

model for the effective utilization of the benchmark soils concept in the ana­

logue tr ans fer of agroteehno]ogy has been designed and is shown in Fig. H. This 

model rep"esn t s i holistic approach and involves both horizontal and vertical
 

transf.,rs. CeXntral 
to this model is the realization that horizontally transferred
 



Fig. 8. General Model of Analogue Transfer of Agrotechnology 
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technology requires a varying amount of site-specific 6daptation before it can
 

be of impact at the local farm level.
 

With the overall success of the University of Puerto Rico project, the BSP
 

has begun to scientifically establish the validity of the soil family and bench­

mark soils concepts for the transfer of agrotechnology. The UH and the UPR pro­

jects have also generated worldwide awareness of and momentum for the BSP and at 

the same high expectations for putting its underlying cnacents into action. 

In our judgement the Benchmark Soils Project is thus succeeding in creating
 

the scientific and other background conditions that provide a sound basis for
 

the implementation of a follow-up program of wider scope and geographical extent.
 

The logical culmination of the present efforts should be the establishment of a
 

prototype network of national and international agricultural research centers
 

designed to demonstrate the steady flow of agroproduction technology from research
 

sites to farmer fields in the tropics and subtropics.
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Soil name: Coto taxvidjunct Classification: Tropeptic Eutrustox, clayey, kaolinitic, isohyperthermic
Swil no.: S 63PR-- Location: Isahela, Puerto Rico 

Particle size analysis

Sand Silt Clay Bulk 
 Water content Organic Total Extractabie ironDepth Horizon 2-.05 .05-.002 <.002 density .1-bar .3-bar 15-bar C N C/N Fe FeO 

C------
 -m oct < 2 nun------------------- a .c---.....---------------- pct ------------------- -------- pct .................­pct -----­0-13 .. 22.3 7.0 70.7 1.39 25.0 22.5 2.44Ap 
 0.252 10 9.6
13-25 A 12 21.8 7.1 71.1 1.44 28.0 22.8 1.69 0.197 9 9.825-45 H21 18.8 5.3 75.9 1.41 31.5 23.7 0.99 0.143 7 10.1
45-65 1122 14.5 5.9 79.6 1.38 30.6 26.4 0.62 0.127 5 10.665-90 1-323 11.A 6.7 81.9 1.32 33.3 26.8 0.46 0.113 4 11.590-125- B24 13.3 10.5 76.2 1.48 27.3 25.J 0.25 11.2 

Cation-exchangeExtractable bases Extractable capacity _ Extractable Base saturation pHDepth Ca Mg Na K. Sum acid NHOAc Sum Al NH 4OAc Sum H10 KCI Difference 

---cm --- --------------------------------- ------------­metq 100 Soiil--------------------------------------------------- --------- pc t-------- -­0-13 3.6 0.9 0.1 (1.4 5.0 20.4 13.3 25.4 0.6 38 20 4.8 4.1
2.1 0.5 (.1 (1.1 2.8 20.0 10.6 22.8 1.4 26 12 

-0.713-25 
4.5 3.9 -0.625-45 1.2 0.4 0.1 (1.1 1.8 16.4 7.1 18.2 1.6 25 10 4.5 3.9 -0.645-65 3.7 0.6 0.1 ().1 4.5 15.6 5.8 20.1 0.9 78 22 4.6 4.1 -0.565-90 3.6 0.7 0.1 0.1 4.5 9.7 5.8 14.2 78 32 5.9 5.5 -0.490-125- 4.1 0.6 0.1 0.1 4.9 8.5 5.7 13.4 86 37 6.3 5.9 -0.4 

Source: Soil Survey Investigation Report No. 12 (Soil Survey Staff, 1967, p. 174) 
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--- - ------------------------------------------------ 

Soil name: Jaiba Ciassifiat ion: Tropeptic Eut rustox, clayey, kaoliniti:, isohvpert hermic
Soil no.:i 76BR-1-1 io:ition: )istrito Air ilodust rial de Jiha. IG. Brazil: EPAMIC experiment farm, BSP Paranfi site 

Particle size anal'sis
 
Sand Slit 
 Clay Bulk Water content Organic TotalDepth Horizon 2-.65 .05-.002 <.002 density .1-bar .3-bar 15-bar C N 

-- (l -- -------------- pct < 2 mm-------------- --. cc--- -- -------------- pt ----------------------- pct --------0-1( A p 20.5 23.1 56.4 31.6 22.2 3.10 0.35 
10-20 Ai 19.5 17.4 63.1 1.10 0.34
20-50 1321 16.5 25.2 58.3 28.1 20.4 0.55 0.07
50-120 1322 19.6 28.2 52.2 0.35 0.06

120-200 B23 20.4 26.4 53.2 0.31 0.06 

Cation-exchangeExtractable bases Extractable capacity Extractable Base saturation
Depth Ca Mg Na K Sum acid NH4 OAc Sum Al NH 4OAc Sum 

m eq, 100 0 soil ---------------.--------------------------------- --------- pct -------­0-10 10.3 2. I (). 1 0.34 12.8 18.9 - 68 
10-20 5.9 0.8 0.1 0.07 6.9 10.9 - 63 

20-50 4.5 O.6 0. 1 0.05 5.3 
 9.4 - 56 

50-120 3,5 1.0 0.1 0.05 4.7 7.7 ­ 61 

120-200+ :3.4 ().7 0.1 0.0 6 4.3 8.0 - 54 

Source: Puerto Rico Benchinark Soils Project 

C/N 

9 
3 
8 
6 
5 

H20 


6.1 
6.5 
6.3 
6.1 
5.7 

Extractable iron 
Fe Fe2O3 

-- -pct --------­

pH 
KCI Difference 

5.5 -0.6 
5.6 -0.9 
5.5 -0.8 
5.5 -0.6 
5.4 -0.3 
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Experiments conducted at isabeiU:,, Puerto Rico 
(cont'd)
 
R-2 Maize Water (irrig) x N Primary Wet 04-26-78 rain damage, 

PR- I aize TransFer Secondary 1 Wet 05-08-78 
abandoned 
08-30-78 

PR-31 Maize Residual transfer Primary Wet 05-10-7P 08-28-78 
-R-32 Maize Tillace (Min. vs. Plow) Primary Wet 05-18-78 09-11-78 

x Densi tv 
PR-33 Maize 

'-!i 
Trans fr.,f 
R-es i duyi- transfer 

Secondary
Primary 

2 Wet 
Dry 

06-08-78 
11-17-72 

09-26-78 
03-21-79 

5Maize 
Maize 

Residual 
Fsilual 

transfer 
transfer 

Secondary 1 
Secondary 2 

Dry 
Dry 

11-17-72 
11-21-7R 

03-1>78 
'3-27-79 

-7 ai Transfer Primary Dry 12-06-728 0 4 -19-79 
Maize Transfer Secondary 1 Dry 12-06-78 04-17-79 

R-4 
a e 

M.!aize 
Trans far 
Wr (irrig) x N 

Secondar\, 2 
Secondary 1 

Dry 
Dry 

12-12-72 
12-14-78 

04-24-79 
04-30-79 

Maize R. si dual transfer Secondary 1 Wet 05-02-79 08-27-79 
Pa-2 7aize Residual transfer -qecondarv 1 Wet 05-02-79 08-27-79 

(2d eidual) 

F...S-esi ual transfer Primar, Wet 05-03-79 08-29-79 
.aze Transfer Secondary 1 Net 05-17-79 09-06-79 

1-45 aize Transfer Primary Wet 05-18-79 09-07-79 
pRe id a.la_ transfer Secondary 2 Wet 05-25-79 09-11-79 

R7aize Lime x 1' Secondary 2 Wet 05-25-79 09-12-79 
-.iaze Transfer Secondary 2 Wet 05-30-79 09-10-79 

p Maize Tillage x population Primary Wet 06-04-79 09-13-79 
- Maize Residual transfer Primary Dr, 11--14-79 03-19-80 

p-51 Maize Resi dual transfer Secondary 1 Dr%, 11-14-79 03-24-80 
Maize R-sidua1 Lime x P Secondary 2 Dr 11-16-79 03--17-80 

pR- 3 :l-aize Transfer Primary Dry 12-01-79 04-07-80 
.aize Transfer Secondary 1 Dry 12-01-79 04-08-80 
-ai z Tran.sfer Secondarv 2 Dry 12-05-79 03-31-80 

5-Maize Tillage x population Primary Dry 12-07-79 04-17-80 
M-7,.aize Iater (irrig ) x N Secondar.' 1 Dry 12-18-79 05-01-80 

PR-to Maize Residual Transfer Primary Wet 04-22-80 08-11-80 
PM-9 Maize Residual Transfer Secondary 1 Wet 04-22-80 08-12-80 
PR-6 :laize Residual Transfer Secondary 2 Wet 04-24-80 08-15-80 
-61 .aize Transfer Secondary 2 Wet 04-25-80 08- 19-80 

PR-2 Maize Transfer Primary Wet 04-29-80 08-22-80 
PR-63 Maize Transfer Secondary 1 Wet 04-30-80 08-25-80 
PR-64 Maize P-placement x levels Primary Wet 05-08-80 08-28-80 
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Experiments conducted at Jaiba, MG, Brazil 
(cont'd)
 

B-31 
B-32 

Multicrop 
Maize/!'Sorghum 

Intensive Mgmt. 
Planting Schedule 

Primary 
Primary 

Dry,/Wet 
Wet 

08-18-78 
10-15-78 

09-18-79 
05-21-79 

B-33 Maize Varieties, normal
EMS RAP 

Secondary 2 Wet 11-13-78 05-10-79 

B-34 Maize Vari-eies, precocious Secondary 2 Wet 11-13-78 05-14-79 

B-35 
B-36 

8-37 
B-32 
B -a9ze 
B-
B-41 
83-42 
B-43 
B-44 

B-45 
B-46 
B-47 
B-48 
B-49 

Soybean 
Maize 

Maize 
Maize 

Maize 
Maize 
Maize 
Maize 
Maize 

Maize 
Maize 
Maize 
Maize 
Maize/Sorghum 

Varieties, IPB 
Transfer 

Res i fua l Transfer 
Transfer 
Ms i aI 
TraTsfer 
P,_1siual Transfer 

>m os'te 
T-a f'r 
-Ua i Transfer 

Trai :s7.r 
P.-si-, 1 Transfer 
Trn-sf 
Rc s 1idu.Transfer 
Irri,. 1ine-'source 

Primary 
Primary 

Primary 
Secondaryj 1 
Secondary I 

Secondary 2 
Secondary 2 
Primary 
Primary 
Primary 

Secondary 1 
Secondary 1 
Secondary 2 
Secondary 2 
Primary 

Wet 
Wet 

Wet 
Wet 
Wet 

Wet 
Wet 
Dry 
Dry 
Dry 
Dry 
Dry 
Dry 
Dry 
Dry 

01-15-79 
01-09-7 

01-16-79 
01-12-79 
01-l5-79 

(01-10-9 
01-12 
04--11 - 79 
06-O6-
06-2 -79 
06, /_39-
06-28-7 
06-08-79 
07-04-79 
06-05-79 

05-30-79 
06-16-79 

07-10-79 
(-6-12-79 

9 
06-12-79 

,,7-'-6-7"9 
-0 7 

11-22- 79 
01-03-80 
11--21-79 

1-2,3-80 
11-20-79 
01-03-80 
10-26-79 

B-50 
B-51 
B-52 
B-53 
B-54 
B-55 
5-56 
B-57 
B-58 
B-59 

Maize 
Multicrop 
Maize 
Maize 
Maize 
Maize 
Maize 
Maize 
Maize 
Maize 

DPrsiv : P x Irrig. 
Intensive Mqmt. 
Transfer 
Residual Transfer 
Transfer 
Residual Transfer 
Transfer 
Residual Transfer 
Composite Cycle 1 
Variety, Normal 

Primary 
Primary 
Primary 
Orimary 
Secondary 1 
Secondary 1 
Secondary 2 
Secondary 2 
Primary 
Secondary 2 

Dry 
Dry/Wet 
Wet 
Wet 
Wet 
Wet 
Wet 
Wet 
Wet 
Wet 

07-25-79 
09-20-79 
11-26-79 
12-19-79 
11-28-70 
12-19-79 
11-28-79 
12-19-79 
10-30-79 
11-09-79 

01-05-80 
'07-03-80 
05-08-80 
05-30-80 
05-07-80 
05-29-80 
05-07-80 
05-29-80 
03-12-80 
05-22-80 

B-60 Maize 
EMBRAPA 
Variety, Precocious Secondary 2 qet 11-09-79 05-23-80 

B-61 
B-62 

Soybean 
Maize 

EMB RAPA 
Variety, IPB 
P-placement x levels 

Primary 
Primary 

Wet 
Wet/Dry 

01-08-80 
02-08-80 

05-06-80 
06-30-80 



Experiments conducted at Jaiba, MG, Brazil 


B-63 Maize Composite, Cycle 2 
;-64 Maize Transfer 
R-65 Maize Rsi u a1 Transfer 
B-66 Maize Ttansfr 

B-67 Maize Rsi ual Transfer 
B-68 Maize Transfer 
B-69 .Maize Residua1 Transfer 
B-70 Maize Mu I ch i nq 
B-71 Multicrop Intensive Mgmt. 
B-72 Maize Composite, Cycle 3 

(cont'd)
 

Primary 

Primary 

Primary 

Secondary 1 


Secondary I 
Secondary 2 
Secondary 2 
Primary 
Primary 
Primary 


Dry 

Dry 

Dry

Dry 


Dry 
Dry 

Dry 
Dry 
Dry/Wet 
Wet 


04-02-80 

04-26-80 

05-17-80 
04-26-80 

05-23-30 
-. -88 

0D5-23-80 
06-29-80 
07-11-80 
09-19-80 


09-04-80
 
10-14-80
 
11-05-80
 
10-14-80 

10-27-80
 
10-15-80
 
11-05-80
 
12-17-80 
12-24-80 
03-02-81
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Table 3a. Treatment means of maize yields by experiment for the Jaiba, Brazil, sites
 

CODED P -. 85 -. 85 +.85 +.65 -. 40 -. 40 +.40 +.40 0 -. 85 +.85 0 0 PART. 0LSVEL N -. 65 +.55 -. 85 +.0 ' -.. 0 #-.40 -. 40 +.40 0SITE 0 0 -. 85 +.85 CONT. --- 0 GEN. M1zANT-I T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-1U T-11 T-12 T-13 T-15 T-16 T-17 T 1-13 

B- 9 3745 4C34 6345 7323 5274 5586 5817 0574 5755 4741 6608 5613 6379 3514 5577 4345 56928- 19 2439 2591 5470 5325 3131 304;3 4517 4352 
 4653 2140 5510 3o77 4559 5574 2059 3955
0- 20 ! It 53Z2 o7L0 o522 o142 5d3 7 60o7 65 1 5518 54u7 6095 0072 L 4901 595a5130 6311
8- 21 
 2938 2261 49L5 51JD -275 36:4 454-y 4402 4777 20s2 5062 4ult 4o3b . 5190 2191 40318- 22 1'55 L1505 b29 o451 3130 2so2 5d13 6029 41 71 1)81 o3s9 4555 41bb Otn 72ul 53 4 142a- 23 1639 1C47 4467 4037 2089 15 63 3230 3134 2876 1714 3924 3042 29Z7 1533 5061 1968 20138- 24 5655 6J35 o17 6636 4745 5664 0124 6402 5773 5511 o4b6 6370 5)92 7097 d331 6523 596d
b- 25 5043 5507 5600 0968 52P3 5845 t426 6094 :h32 5547 5042 50d2 5999 7659 7683 5C71 5667
83- 20 
 4327 4144 7849 0453 6407 6827 7543 7713 dO2 3952 843o 7233 7155 1396 8350 3049 6783
B- 27 3156 2oo2 5502 62 0 391 3061 4853 487. 4705 1863 5320 387 4453 L51 (0041 3141 415213- 36 1Co5 2003 302 d15 4454 4106 t353 6266 5500 1962 028 4053 5 82 o33 5122 810 4d36
B- 37 
 595 1oll 2553 2325 1341 1234 2273 3161 1 126 733 2758 1705 149) 503 2145 502 1721
 
B-- J8 5316 4131 7cC7 d239 5638 6502 co55 7410 7:94 5335 7537 0725 t657 4u(,2 77o3 '544 u604 F­9--3v 4737 408 4232 4127 2922 420? 4281 4420 4750 4434 3903 47J5 3032 4(1J3 4d5- 3817 4255B- 40 23u9 
 3931 4446 50V4 2531 42u4 4795 4611 5586 2205 4016 25o9 5C 1510 -'6o 4357 40471 2047 251 5705 4883 2937 3135 4370 3420 4415 2211 5496 4157 2663 1364 4d5o 2550 376o8- 43 3019 3575 d11I 65u 5670 5905 9192 9187 7503 3705 892u d227 7049 2;)4 t233 21t5 6932 - 4 1107 1t03 5250 4692 23u8 ;032 5054 3900 2903 1112 5059 2d95 2969 949 339j 1262 3163a- 45 4492 520/ 8357 c1 l 7376 7420 7134 7583 710O 5682 8553 7663 7740 4-23 446 3(75 71156-4u 3039 22)9 4454 41L2 3193 jIol 3797 445, 3775 3302 4451 4141 3f& 2,7J 4273 Z34 36a0
U- 47 3J57 5532 8278 d891 5411 51 4 7516 7794 735d 4161 7o51 7749 7355 3', 7172 4U33 6b90O- 48 2148 3659 3215 4363 3191 3927 4203 4203 3142 3271 3748 2493 4Io 22 Jt, 41 374 30190- 52 3188 4E25 7075 7031 5118 6104 6002 6942 361 2794 7007 07o2 6JL 4 t5327 280 5766E3- 53 3639 4507 047J 7078 4017 5705 6804 7701 5618 3951 7o25 6757 u453 3 ;34 4140 3545 59126- 54 5614 6018 7197 70b0 5753 5929 7597 6030 od76 )28o 7b25 21 1 175 657U u796649u &i?25. 3997 5475 6921 5995 6209 0158 6020 6924 5907 55u8 6963 6307 00,. 3s1 I 5.388 5324 604?U- So 4534 4203 0884 7975 5644 .222 6545 6635 6270 390 7439 0000 6 j2 j1 5504 4513 00498- ,7 326 0211 7305 7296 4859 5550 7168 6636 6390 450 7090 5314 to,0 C23 550 152 6069o4u 1719 2792 6590 u912 3909 4210 6656 6396 5213 2329 6881 4717 5301 uOo 5205 1446 489505 2254 3120 4209 3700 2c70 3342 2V64 3737 3429 21j 2535 3962 3445 3575 2L41 2173 319Z-6 4937 3556 7b37 7469 4836 60c: 7272 6296 6745 4784 7122 7465 o3 5994 5915 4136 6234-7 3398 3601 4683 4265 3141 3792 4674 4683 4858 4295 4756 3289 4523 2525 3745 4396 4194B- 68 4120 44e5 72o7 7647 
 5949 5200 6455 6991 6812 5588 7914 5245 6016 3897 6135 4J91 61408 69 3214 3S75 5831 5111 3150 3544 4683 4852 4u5o J006 5843 4312 4783 2775 3699 3935 4405 

*No partia. control (Treatment 15)
 



Table 3b. Treatment 
means of maize yields by experiment for the Isabela, Puerto Rico, sites
 

CODED P -. 85 -. 85 +.85 +.85 -. 40LEVEL N --.d +-E5 -. 40 +.40 +.40 0 -. 85 4.85 0--.5 +-85 -. 40 F-.40 -. 0 PART. 040 4.40 0 0 0 -. 85 4.85 CUNT.51TE T-1 T-2 T-3 T-4 --- o GEN. MEAN
T-5 T-6 T-7 T-8 T-9 
 T-io T-11 T-12 T-13 T-15 T-16 
 T-17 T 1-13
 

PR-19 5120 5235 4395 4810 
 4656 4616 5607 
 4357 5033 4750 4513 4237
P -20 40J3 o003 6252 4846 3f.5 3863 4478
753b 6-t0 639d 645o 7140 7055 5902 4783
PR-21 797t, 8409 74g9 9122 6290 e471 

6958 64b5 6790 5646 5694 6153 64157982 56ll 8597 7392
PR-23 -753 9391 7547 9005 7369 7285
4572 4129 5158 3539 2062 7677 83j0
383 344 2839 3311 4735
PR-27 4055 4227 3637 5550 4352 5427 4445 
2377 4934 1571 1800 5673 37426141 621 539. 5497 3852P-30 0Y9j 7574 6925 7905 7025 7746 6492 

548 3559 3731 4813 4956
7590 6976 7394
PR-31 2215 6i98 L3C3 7167 6379 8503 6240 5810 7707
6827 4431 57o8 480o 5544 7290

P-3j 5322 5791 5181 23663701 b910 1599 1850
4585 46b7 45d7 4405 4993 4837 48975177 4405 5437 4626
PR-34 972 6045 2431 5089 3523 3981 3515 3148 4546 45756595 4283 67:7 3933 543 4919 4790 4430 1133 6408
PR-35 442 7274 4247 6662 5e0J 

813 1401 5152 4473
PR-u 6134 4302 0538 5766 50341244 2t07 1725 2214 2113 5348 2632 6506 3040 16592016 2139 1959 2557 2754 1155 1152 o351 5471
PR-. 7 4900 t'934 4841 7462 t,094 /222 4977 8629 t923 

1732 2074 12b4 2008 1952
PR-33 I, 17 7045 6450 50C2 7675 49317 77 7JU7 75,t 7459 7946 f329 7383 3115 7110 

1916 5076 6319 
PR-39 3250 7640 7429 7647 C90b 6265
32e 35,9 3077 3035 387 2724 4054 2181 3577 2900 

0342 7479 
PR-41 4248 237940uo 7071 56C4 651 Uu598 77o3 4,134 6892 7493 

4286 3217 3815 3232 
PR-42 311i 6562 7129 3849 8426 2805 2602 6958
8222 293 585 7233 6597
1 7115 4036 7715 4479
PR--3 2011 61o0 6379 1623 9321
/K83 2254 7006 5057 7456 4540 6733 

1678 902 6123 56666218 6538 6365 1594
PR-44 C124 64 t 020 6444 7626 2099 2289 6376 55186801 694a 7233 7876 5974
PR-45 z2 2 7101 u023 6407 6190 5763 5551 6552 4218 5290 66836121 7123 7022 6455
6454 63U4 6633 6995PR-46 3302 4. 7 3572 4848 5719 6637 5549 6143 6292 64524t74 4360 4372
PR-4 6 uO 4955 3703 4824 4015 3952 4524 34695242 452 6021 2708 50304399 4942 50 5 4420 4981 4310 5758 4312
PR-50 4091 ,/'44 5028 4972 4252 4906-.r03B 5502 5222 4995 495394 5032 6402 5835
4 5019 6051 468 5692 3769 4182 6164
6-51 7h6. 6175 7337 5439bo4
 7142 7052 7100 7299 7603
PR-5 3 5. 7372 7980 5073 
PR-

7o1 501 7378 5758 7007 5921 6953 6265 6915 6489 4414 
8229 4699 4-77 6964 7207 

4 u .'9 5 1' 6249 7891 7278 7873 
7280 4136 3329 6386 63407235 8127 7165 7163
PR-55 7375 6248 8237502 50i'L 5256 6942 6745 6917 6338 t346 7616 73735708 6938 6311 6763 6416
PR- 58 2u5 ,5,/ '433 7132 4488 0211 

4582 687d 5195 4553 5843 62623900 679o 5737 5373 5684PR-9 2268 6876j974 J25 3461 9020 6228 8004 5763 8000 754 
1649 1108 5761 51736615 7315 4372
Pi-0 3617, 485 3157 621 494d 9054 2582 2879 7021 67585670 5272 6400 5517 5927Pk-ul 1/o3 5677 3013 5061 27055a2 t 853 774t, 6614 6333 5819 6416 6867 6238 

2272 4807 51556938 5187 5160
PR-6- 7461 6j90 &90u 6u52 7884 7522 7877 
4477 3494 5989 6112PR-63 6638 5258 5475 7304 7039 7083 6882 6860 6599 7482 6164 02640151 u870 6924 7011 7473 7196
6905 7055 6783 6464 6333 4903 6284 6865 6629
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Table 4 a 
SUMMARY OF REGRESSION STATISTICS FOR INDIVIDUAL SITES -- BRAZIL, CROP - MAIZE 

Site Season 
Error Standard Over-all 
DF Deviation Mean 

(kg/ha, 15.5% moisture) 

Coefficient 
of Variation 

Estimates of the Six Parameters of the Quadratic 
Polynomial Model (Std. Error in Parenthesis) 
bo bI b2 b3 b4 b5 

2t 
R 

Lack of 
Fit MS 
(7 DF) 

Error 
MS 

(F for 
lack of 

fit) 

B-9 Dry 24 979 5692 17.20 5692 1482** 433 -522 -216 260 0.94 314,111 959,003 .328 
(157) (253) (253) (502) (502) (382) 

8-19 Wet 36 566 3955 14.31 3997 1779"* 131 -258 147 -105 0.94 590,648 320,123 1.845 
(144) (126) (126) (251) (251) (191) 

B-20 Wet 36 714 5958 11.98 5958 628** -20 -155 155 -85 0.73 436,749 509,502 .857 
(99) (160) (160) (316) (316) (241) 

B-21 Wet 36 779 4031 19.32 4031 1510** -62 71047** 399 238 0.94 437,782 606,203 .722 
(108) (175) (175) (346) (346) (263) 

B-22 Dry 24 678 4142 16.37 /t407 3029** -17 -775* 83 70 0.98 332;783 459,732 0.77 
(199) (176) (176) (348) (3'i8) (265) 

*B-23 Dry 24 433 2818 15.37 2640 1471** -109 118 347 -118 0.98 105,090 187,718 0.56 
(127) (112) (112) (222) (222) (169) 

B-24 Dry 24 645 5968 10.80 5737 525** 173 166 437 -25 0.61 511,541 415,812 1.23 
(189) (167) (167) (33-1) (331) (252) 

*B-25 Dry 24 770 5667 13.58 5531 427* 517* 250 106 240 e.83 213,706 592,341 0.36 
(226) (199) (199) (394) (394) (300) 

B-26 Dry 24 762 67R3 11.23 6783 2260** 100 -1681** -297 249 0.95 601,260 580,669 1.035 
(122) (197) (197) (391) (391) (298) 

*B-27 Dry 24 861 4152 20.74 4196 1722** -46 -447 333 252 0.91 617,238 741,493 0.83 
(253) (223) (223) (441) (441) (336) 

B-36 Wet 24 828 4836 17.12 5447 2564** 424 -1565* -31 -148 0.98 281,393 685,244 0.41 
(243) (214) (214) (424) (424) (323) 

*B-37 Wet 24 756 1721 43.90 1785 1125** 70 16 -182 -159 0.81 662,540 570,982 1.16 
(222) (196) (196) (387) (387) (295) 



Table 4a (continued)
 

Site Season 
Error Standard Over-all 
DF Deviation Mean 

(kg/ha, 15.5Z moisture) 

Coefficient 
of Variation 

Estimates of the Six Parameters of the Quadratic 
Polynomial Model (Std. Error in Parenthesis) 
bo b1 b2 b3 b4 b5 

2 t 
R 

Lack of 
Fit HS 

(7 DF) 

Error 
HS 

(F for 
lack of 

fit) 

B-38 Wet 24 828 6604 12.53 6964 1659** 8 -542 -398 606 0.90 685,320 684,831 1.00 
(243) t214) (214) (424) (424) (323) 

OB-39 Wet 24 1052 4255 24.73 3961 -82 -62 582 187 23 0.13 1,813,082 1,107,153 1.64 
(309) (272) (272) (539) (539) (410) 

B-40 Wet 24 1327 4047 32.80 4419 1167** 926* -777 -194 -405 0.77 1,620,540 1,761,991 0.92 
(389) (344) (344) (680) (680) (518) 

* B-41 Wet 24 843 3766 22.39 3613 1594"* -479* 438 -38 -244 0.90 706,'01 711,138 0.99 
(247) (218) (218) (432) (432) (329) 

B-43 Dry 24 1000 6932 14.43 7851 3038** -28 -2325** -76 242 0.97 703,409 1,004,771 0.70 
(303) (268) (268) (531) (531) (404) 

' B-44 Dry 24 803 3163 25.40 3191 2262** -103 70 -143 -431 0.96 471,833 571,651 0.83 
(241) (212) (212) (420) (420) (319) 

B-45 Dry 24 ]435 7115 20.17 7594 1653* 145 -1030 -222 -265 0.84 1,260,385 1,009,075 1.25 
(409) (361) (361) (716) (716) (545) 

" B-46 Dry 24 583 3686 15.84 3830 902** -203 -228 -148 185 0.86 320,597 366,668 0.87 
(173) (113) (153) (303) (303) (231) 

B-47 Dry 24 709 6690 10.60 6913 2331** 472 -1430"* 849* -532* 0.95 657,707 374,295 1.76 
(192) (170) (170) (336) (336) (256) 

* B-48 Dry 24 1103 3519 31.33 3711 488 802* -132 -367 -174 0.83 420,368 1,495,826 0.28 
(353) (31.) (311) (617) (617) (470) 

B-52 Wet 24 927 5766 16.08 E'83 
(2C,4" 

1952*_ 
(233) 

274 
(233) 

-1584** 
(461) 

494 
(461) 

-457 
(351) 

0.91 944,871 737,637 1.28 

*B-53 Wet 24 1379 5912 23.33 6165 115P * 430 -906 245 -177 0.84 1,569,733 2,133,989 0.74 
(418) 3CCI) (368) (729) (729) (555) 



Table 4a (continued)
 

Error Standard Over-all Coefficient 
 Estimates of the Six Parameters of the Quadratic R2t Lack of
Site Season DF Deviation Hean of.Variation Error (F for
Polynomial Model (Std. Error in Parenthesis) R 
 Fit S MS lack of
(kgiha, 15.51 moisture) bo bI 
 b2 h3 b4 b5 (7 DF) fit)
 

B-54 Wet 24 
 910 6796 13.59 6789 970* 
 370 -280 299 23 0.74 1,122,368 639,967 1.75
 
(247) (218) (218) (431) (431) (328)
 

* B-55 Wet 24 1048 6047 17.33 6446 866** 101 -473 -571 
 -721 0.79 651,251 816,683 0.80
 
(314) (277) (277) (550) (550) (419)
 

B-56 Wet 24 758 
 6049 12.53 6223 1705"* 365 -719 
 265 470 0.93 555,582 559,273 0.99
 
(222) (196) (196) (388) (388) (296)
 

B-57
B Wet 
 24 898 6069 
 13.21 6139 1599"* 719 * -200 18 -1170** 0.97 251,182 805,699 0.31
 
(256) (226) (226) (447) (447) (339)
 

B-64 Dry 24 
 489 4895 
 9.99 5369 271"t* 341 -890* -30 -288 
 0.99 152,966 239,043 0.64
 
(144) (126) (126) (250) (250) (191)
 

B Dry
B-65 24 753 3192 23.58 3140 
 558** 89 -880* 1018"* -446 0.77 504,210 566,382 0.89
 
(226) (199) (199) (395) (395) (301)
 

B-66 Dry 
 24 769 6234 
 12.33 6420 1726"* -416* -907 421 
 74 0.88 1,012,178 591,562 1.71 0
 
(227) (201) (201) (396) (396) (302)
 

B-67 Dry 
 24 772 4194 18.40 4358 630** 255 110 -540 
 -337 0.57 943,917 595,752 1.55
 
(228) (201) (201) (399) 
 (399) (304)
 

B-68 Dry 24 
 831 6140 
 13.53 6422 1679"* 222 406 -1142* 
 63 0.94 469,420 690,672 0.68
 
(316) (279) (279) (552) 
 (552) (420)
 

B-69 Dry 
 24 772 4405 17.52 4256 1330"* 157 109 279 
 -527 0.92 373,379 595,777 0.63

(219) (194) (194) (385) (385) (293)
 

2
tTmt SS(12 d.f.) used as denominator for calculating R


Significant at .05 level
 
** 

Significant at .01 level
 
*Residual transfer experiment
 

b is the "Intercept", the estimated yield when P and N are both zero 
(in the coded values, this Is the center of the design).

bI is he change 
in yield for each coded unit of P (since this variable is orthogonal to the other variables in the equation, b 
is the same value
 as 
estimatin,, the straight line relationship between y and P alone.
 
b2 is the chang! in yield for each coded unit of N.
 

b3 - b4 and b5
 are estimates of the P and N quadratic (degree of curvature) and interaction terms respectively.
 



Table 4b 
SUIHXARY OF RE:RESSION STATISTICS FOR INDIVIDUAL SITES -- PUERTO RICO, CROP = MAIZE 

Error Standard Over-all Coefficient Estimates of the Six Parameters of the Quadratic 21 Lack of Error (F for 
Site Season DF Deviation Mean 

(kg/ha, 15.5% moisture) 
of Variation Polynomial Model 

b o bI 

(Std. Error In Parenthesis) 
b2 b3 b4 b5 

R Fit MS 
(7 DF) 

MS lack of 
fit) 

PR-19 Wet 24 979 4783 18.38 4762 -181 91 89 -36 10 0.12 683,919 772,691 .885 
(257) (227) (227) (450) (450) (343) 

PR-20 Dry 24 828 6415 12.91 6415 882** 676** -767 -4q4 -192 0.86 508,123 685,423 .741 

(133) (215) (215) (424) (424) (323) 

PR-21 Dry 24 469 8330 5.63 8330 368** 666** -54 -214 425* 0.68 630,275 220,044 2.864* 
(75) (122) (122) (240) (240) (183) 

OPR-23 Dry 24 1,553 3742 41.51 3198 629 841* 965 456 -266 0.76 1,011,934 2,411,857 0.420 

PR-26 --- Data not reliable --­
(455) (402) (402) (796) (796) (606) 

PR-27 Wet 24 747 4956 15.07 4956 220 876** -325 -1400** 587** 0.84 610,991 557,959 1.095 
(119) (193) (193) (383) (383) (291) 

PR-30 Wet 24 866 7290 11.88 7290 -66 861** 73 295 -6 0.85 292,411 749,976 .390 
(139) (224) (224) (444) (444) (338) 

0PR-31 Wet 24 632 4897 12.91 5411 30 2397** -84 -1258** 135 0.95 627,339 399,492 1.570 
(175) (154) (154) (305) (305) (233) 

PR-33 Wet 24 937 4575 20.49 4866 208 252 385 -1144** -517 0.71 483,714 878,542 .551 
(275) (242) (242) (481) (481) (365) 

PR-34 Dry 24 979 4473 21.89 5093 159 2788** -229 -1391* -383 0.86 1,185,904 958,990 1.24 
(260) (230) (230) (456) (456) (347) 

ePR-35 Dry 24 818 5471 14.96 5468 -252 ]788** 641 -635 -15 0.79 1,082,288 669,758 1.62 
(220) (195) (195) (385) (385) (294) 

PR-36 Dry 24 823 1952 42.18 2097 -259 392 166 -541, -298 0.42 760,808 678,042 1.12 
(237) (209) (209) (416) (416) (316) 



Table 4b (continued) 

Site Season 

Error Standard Over-all 

DF Deviation Mean 
(kg/ha, 15.5% molsture) 

Coefficient 

of Variation 

Estimatea of the Six Parameters of the Quadratic 
Polynomial Model (Std. Error in Parenthesis) 
bo bI b2 b3 b4 b 5 

2 

R 

lack of 

Fit MS 
(7 IF) 

Error 

HS 

(F for 

lack of 
fit) 

PR-37 Dry 24 789 6319 12.49 6712 -94 1505"* -338 -686 106 0.76 589,754 622,845 0.95 
(210) (185) (185) (366) (366) (279) 

IIR-38 Dry 24 811 7479 10.84 7476 
(226) 

-91 
(199) 

181 
(199) 

-109 
(395) 

116 
(395) 

113 
(300) 

0.36 828,108 657,716 1.26 

PR-39 Dry 24 1160 3232 35.89 3064 -82 -243 167 271 127 0.46 1,696,966 1,345,070 1.26 
(297) (262) (262) (520) (520) (396) 

1pR-41 Wet 24 1458 6597 22.10 6663 152 2076** 439 -611 43 0.80 2,332,507 2,125,653 1.10 
(428) (377) (377) (747) (747) (569) 

opR-42 Wet 24 1033 5666 18.23 5810 -246 3334** 294 -671 -166 0.90 2,670,624 1,066,781 2.50 
(303) (267) (267) (529) (529) (403) 

OPR-43 Wet 24 884 5518 16.02 6333 -254 3135** 209 -2340** -314 0.99 194,814 781,868 0.25 
(259) (229) (229) (453) (453) (345), 

PR-44 Wet 24 1428 6453 22.13 6745 3 410 -431 -328 -6 0.27 1,510,481 2,039,959 0.74 
(419) (370) (370) (732) (732) (557) 

PR-45 Wet 24 1015 6452 15.74 6704 94 572* 111 -769 -599 0.84 272,020 1,031,058 0.26 
(298) (253) (253) (520) (520) (396) 

*PR-46 Wet 24 1005 4312 23.32 4411 15 517 -4 -255 -59 0.47 701,850 1,010,834 0.69 
(295) (260) (260) (515) (515) (392) 

PR-48 Wet 24 1091 4895 22.29 4813 606* 459 130 83 -238 0.65 690,994 1,190,301 0.58 
(320) (282) (282) (559) (559) (426) 

OPR-50 Dry 24 1014 5439 18.64 5866 -59 1080** -319 -798 -378 0.82 695,143 1,018,260 0.68 
(309) (273) (273) (542) (542) (412) 

Pit-al Dry 24 926 7207 12.85 7426 -103 1025'* 422 -997* -64 0.77 850,332 957,734 0.99 
(272) (240) (240) (475) (475) (361) 



Table 4b (continued)
 

Error SLandard Over-all Coefficient Estimates of the Six Parameters of the Quadratic 
 2t Lack of Error (F for
Site Season DF Deviation Mean of Variation 
 Polynomial Model (Std. Error In Parenthesis) 
 R Fit MS tiS lack of

(kg/iha, 15.5% moisture) b bI
o b2 b3 b 4 b5 (7 F) fit)
 

PR-53 Dry 24 
 1056 6340 16.65 6345 -149 1435** 585 -598 
 28 0.98 101,598 1,044,982 0.10
 
(359) (316) (316) (626) (626) (477)
 

PR-54 Dry 24 
 790 7373 10.71 7494 -94 1086"* -140 -177 
 -104 0.92 233,162 554,239 0.42
 
(235) (206) (206) (410) (410) (311)
 

PR-55 Dry 24 767 6262 
 12.25 6545 -104 1121** 225 -965* 13 0.89 382,968 555,179 0.69
 
(233) (205) (205) (408) (408) (310)
 

*PR-58 Wet 
 24 813 5173 
 15.72 5471 -79 2783** 272 -1051" 48 0.98 294,987 652,401 0.45
 
(255) (224) (224) (445) (445) (339)
 

OPR-59 
 Wet 24 894 6758 
 13.22 7071 -51 2639** -233 -584 77b* 0.98 260,103 761,776 0.34
 
(284) (250) (250) (496) (496) (378)
 

OPR-60 Wet 24 
 1001 5155 19.42 5562 -92 1673** 691 
 -1752** -217 0.91 758,094 1,130,704 0.67
 
(306) (269) (269) (533) (533) (406)
 

PR-61 Wet 24 Li­1318 6112 21.57 6327 601 521 698 
 -1260 323 0.68 1,115,009 956,452 1.17
 
(380) (335) (335) (664) (664) (505)
 

PIR-62 Wet 24 648 7196 9.00 7486 -222 
 -44 -496 -292 16 0.30 761,457 351,308 2.17
 
(169) (149) (149) (295) (295) (225)
 

PR-63 Wet 24 850 
 6629 12.82 6861 
 7 290 56 -665 682 0.71 356,518 836,640 0.43

(267) (236) 
 (236) (466) (466) (355)
 

2
tTmt SS (12 d.f.) used as denominator for calculating R


T~hlgtJ Iicant at .0)5level 

Sig(nlficalT at .01 level 

a kcsidtlizl transfer experitment 

)i Is the 'Intercept", the estimated yield when 1'and N are both zero (in the coded values, this is the c,!nter of the design).
 
bI is the chatige in yield f,,r each coded unit of P (since 
 this variable is orthogonal to the~other variables in the equation, b is the same value
 

as ustiatling the straight I ine relat l~nshilp between y and P alone.
 
b2 is tie change i yield for earh coded unit of N.
 

b3, b4 and b5 are estiates of the P and N quadratic (degree of curvature) and Interaction terms respectively.
 



Table 5a ANALYSIS OF VARIANCE FOR TRANSFER EXPERIMENTS, P x N, BRAZIL 

SOURCE DF . 
MEAN SQUARES 

W W 
DF 

DF D D D 
MEAN SQUARES 

D D 
!-19 B-20 B-21 B-9 B-22 B-23

+ 
B-24 B-25

+ 

BIoc 
+ 

Ir ::it. 

P 

3 
12 

1,70J]7 
5,6f 2,93: 

S3-,1,792 
1 2 

-.i 

2,O794,111 
932, 06-, 

7,9 6 
5,2"9305 7,855,9 0 ' 

2,13 78,798 -

6,567,164 
',5t2, .67 

76,211 
-5,373, S22 + 

16¢'0001, 

2 
12 

1 
1 

664,426 
3,308,131 

2,801,024 
32,784,73C* + 

1,281.749 
11,801,512 

4,377 
136,936,774** 

99,029 
2,827,61 

177,809 
32,315,703"* 

1,565,74S 
762,7 9 

4'9, 176 
4,120,92 5 : 

' 

29,352 
371,934 

3,994, 175" 
2, 719,659" 

NP 
L ck of 
Error 

Fit 

36 

113 

1 
7 

96,715 
50,6 8 

320,123 

78,79S 

63, 64 
436, 7.9 

509,502 

I 0, 
1,o7,~

-6, ,613 
z,37,782 

606,203 24 

i 
1
1 
7 

430,891 
1,038,808
443,343 
314,111 

959,003 

26,230 
2,288,881 

32,399 
332,753 

459,732 

459,543 
149,0142,119 
91, 133 
105,090 

187,718 

727,776 

4,207 
511,541 

415,812 

-

42,552 
296,741 
378,512 
213,706 

592,341 
TOTAL 51 38 

, 
__kR_ - DF D DW w w w w w D 

B-26 B-27 + 
B-36 B-37+ B-38 B-39 B-40 B-41 B-43 

Ulocks 
 2 553,001 6,087,861** 
 1,551,116 837,046 3,050,476* 4,707,169 174,456
Treatmnts 12 7,793,403 552,373 1,983,6222,083,,28 9,397,376 
 1,990,46t0 4,204,070 1,211,000 4,031,009 3,950,475 
 13,754,794
11
16,!-2 
 31,549 2,688,884 72,951 849 
 58,380 12,787,923 3,420,552" 
 11,452
P 1 76 264,834** 4 ,.54,453** 99,107,358* 18,879,161* 41,058,635**2 99,701 20,342,710 37,902,692** 137,834,225"*
N 1 1,73,734 422,615 3,765 126,644 
 603,399 133,194 143,042 5,638 21,809
p" 1 10,7,-7.234** 561,242 9,855,562** 2,081 1,572,209 1,545,622 2,677,346 
 738,203 21,881,976**
NP 1 407,07 416,55c 143,193 167,009 2,416,512 3,532 1,077,308 391,704
Lack of Fit 7 383,701601.260 617,238 
 281,393 662,540 685,320 
 1,813,082 1,620,540 706,701
Error 24 580,669 41,493 685,244 570,982 
703,409
 

684,831 1,107,153 1,761,991 
 711,138 1,004,771
 
TO'FA!. 38 



Table 5a (continued) 

SIU)C 

ir L~unt~ 

N 

' 

I-
Fit 

Error 

1F 

12 

" 

11 
! 

D 

,,620 
, 

I -,s,31,'
7,hI 32.,832 

27,725 
,1 5I( 

1,219,224 
,71,833 

571.651 ___ 

D 

B-44B-45 

4,598,676 

313,066
40,766,577** 

187,172 
4,63"V, 190* 

460,208 
1,260,385 

Q9 075 

D 

B-46 

102,237 
1.298,759 

615,704
12,145,114*" 

83,298 
270,922 
225,888 
320,597 

366,668 

D 

B-47 

1.510,745 
8,319,742 

3,327,553**
81,092,051** 

2,74.121.1* 
6,210,020** 
1,862,095* 
657,707 

374, 95 

D 

B-48 

639,066 
1,416,630 

9,607,761"
3,558,204 

513,029 
178,293 
199,698 
420,368 

1,495,826 

W 

B-52 

2,020,759 
6,304,061 

1,119,550 
56.892,799** 

928,081 
8,720,739** 
1,373,471 
944,871 

737,637 

W 

B-53 

288,251 
5,680,834 

2,753,959 
51,(35,993* 

228,488 
2.WC6,620 

206,809 
1,569,733 

2133.989 

B-54 

2,059,788 
2,038,168 

2,039,682 
14 0 32,74 

340,75,, 
184.770 

3,479 
1,122,361 

639,967 

W 

B-55 

6,032,864 
1,832.162 

153,469 
11,201,66W 

1.23c),7F4 
, 5, 08 

3,416,459 
661,251 

',o83 

W.- ______,____"__-" 

2 
1r2.it tsI 12 

N 1 
1 I 
N
2
2 
p 
2 

Nil 1 
LhIck ot Fit 7 
Error ___2 

TOTAL 1 

W__ 

B-St. 

32.546 
3Q4 .0 37 

1,986,796 
43,384,021** 

267,376 
1,49, 188 
1,,51,981 

555,582 
273 

B-57 

67,848 
4.731,459 

7.724,69*V * 
38,146,743** 

1,261 
154,214 

9,992,343** 

251,182 
805 699 

D 

B-64 

224,461 
97,661,1107 

1,743,226* 
109,614,216"* 

440,214 
3,77t,690** 

548,173 

152,966 
23.'Q ...4 

D 

B-65 

990,800 
1,273,624 

117,355 
4,640,414** 
3,943,120* 
1,744,425 
1,308,708 

504,210 
566382 

D 

B-66 

833,877 
4,794,600 

2,587,356* 
44,493,955** 

673,137 
2,659,518* 

35,989 
1,012,178 

591,5625 

D 

B-67 

841,700 
1,280,179 

967,148 
5,931,295' * 

1,109,351 
157 

746.779 

942,488 
595,752 

D 

B-68 

7,831,962 
4,267,902 

734,964 
42,098,284** 
4,Q67,319* 

101,867 
26,457 
469,420 

6,672 

B-69 

29.992 
2,635,157 

367,910 
26,404,557** 

295,888 
113,780 

1.826,102 

373,379 
595777__ 

Residual Tr.nsfer Experiment 
*Significant at .5 level 

Significant at .01 level 

D = dry season, W = wet season 



Table 5b ANALYSIS OF VARIANCE FOR TRANSFER EXPERIMENTS, P x N, PUERTO RICO, CROP = MAIZE 

ME-AN SQUARES 

SOURCE DF W D D D 14 W W W D 

PR-19 PR-20 PR-21 l'R-23 
+ 

PR-27 PR-30 PR-31 + 
FI-33 -34 + 

Blocks 
Tre;i t, ,tm.t 

N 
P 
-

2 

!alck ot Fit 
Errnr 

2 
12 

24 

1 
1 

1 

1 
7 

.7,520 

-',5 , >2 
123,0','. 
qO,017 

2f 6-',6i, 
722 

6,3,919 
772,691 

,22,120 
2, 1.,545 

t ,525, 6.,1 " * 
11,15, 191' 

927,8, 
3,0U-f,, so" 

202,550 
505,123 

685,423 

962,390 b,571,247 
-0 3 3,376 

0 10, 5!6,380 

2 02,U ,) 0, , 3 
17 ,5 791,670 
39 84,509,610 

1,189,503 463,634 
630,275* 1,011,934 

220,045 2,411,857 

1,272,704 

2,311,2,2 
1i , 54'' 

720,260 
7,464 ,-'5 ' 

1,566,594 

2,262,299 
610,991 

557,959 

820,962 

1,132,835 
11,076,489 

65,622 
330,9.7 
73,532 

209 
292,411 

749,976 

' 

434,312 

S,065,220 
85,726 90 

13,,37 
, 27, 042": 

"4,049 
119,952 
627,33, 

399,49 2 

683,097 

9 e3,O11 
3,77 

64 - ) 
4 ,9,,0 23 

7), 2,o 2 
1 75, 009 

3,71, 
37,5 52 

3,532,020 

11,177,411 
11(,,002,s25 * *' 

379,142 
8,251, 682" ' -' 

200,165 
963,793 

1,115.904 
955,991 

TOTA L 35 

SOIJRCE A)_ D D D D D W W wW 

PR-35 + 
PR-36 + 

PR-37 PR-38 PR-39 PR-0 1 + 
PR-42 111,-3 + PB-4" 

Blocks 
rrca'tment s 

P 

2 
12 

i 
1 

1,277,574 
4,898,212 

07, 702, 947* 
9!,6,714 

7.6,904 
861,332 

2,285,351 
1,002,20135 

2,967,854 
3,408,011 

33,424,991q* 
130,864 

1,243,191 
547,4147 

47,123 
122,763 

6,958,333 
1,121,072 

884,919 
99,905 

6,871,066 

6,898,955 
64,3004,510f 

346,2L2 

4, 176,7:: 
1,o2t,236 

115,959,357 
901,3t;2 

10, 3,, 
1:,, 240, .27 

16,, 
'.1 I .'l 

93,3i,6 
1 2)';,313 

2,51 ,9 
103 

1 
p 1 

985,761
1,565,508 

1,032,551 
104,801 

2,302,013 
435,994 

34,045 
45,601 

377,343 
106,403 

1,420,548 
376,376 

1,710,,121,,311 
8" ,O61 

2O,'0,-0 
347,"3 

' 009 051 
1,004 ,9", 

NP 
Lack of 

Error 
Fit 

24 

1 
7 

1,598 
1,082,28, 

669,758 

562,312 
760,808 

678,042 

74,070 
589,754 

622,845 

83,561 
828,108 

657,716 

105,538 
1,696,966 

1,345,070 

12,056 
2,332,507 

2,125,6.53 

1:',0, 437 
2,67:,,2.7,_0, 

1 ,0601, 7,;1 7 .I, 

o,7,,35 
1"0,',1 
H6,' 

. 
272 

,f51 
2,)039,959 

TOTAL 38 



Table 5b (continued) 

SOURCE D 

Blocks 2 
Treatments 12 

N 
P 
2 

p 
2 

NP 
Lack of Fit 
Error 24 

TOTAL 38 

1 
1 
1 
1 

1 
7 

' W w 
Pi-ll PR-46+ 

2,342,050 12, ,471,83'* 
942,!92 766,

4 
6b 

I91,003 3,996,193 
133,017 3,442 

2,250,26 3 247,9-'4 
11,714 13, S2 

2,356,146 23,190 
272,020 701,850 

1,031,058 1,010,843 

W 

PR-48 

332,229 
1,161,392 

3,140,170 
5,473, 364 

26,417 
87,79 

371,992 
690,994 

1,190,300 

D 

P'-50 

2.299.768 
2,219,175 

17,393,079)"* 
52.709 

2,421,228 
959,954 

937,126 
695,143 

1,018,260 

D 

PR-51 

879,244 
2,14-,956 

15.675,197 * 

157.265 
3.780,019" 

171,605 

27,064 
850,332 

857,734 

PR-53 

5,500,862 
2,832,537 

30,750,653' , 
' 

332,4-
1,359,959 
831,786 

5,011 
711,186 

1,044,982 

___ 

P'R-54 

2,828 ,18 
1,640,010 

17 ,598,685* 
131.MR,6 
11, 29S 
12(, 404 

71.611 
233,162 

554,239 

D 

PR-55 

1,699,763 
2,095,241 

18,754,975 * 
161,647 

3,543,220* 
1,193 

1,077 
382,968 

555,179 

W 

PR-58 

2,050,618 
10,167,817 

115,622,868"* 
94,236 

4,208,558* 
8,262 

14,969 
294,987 

652,401 

SOURCE DF 

Blocks 2 
Treatments 12 

N 
P 

t 
2 

p 
2 

NP 
Lack of Fit 

Error 24 

IOTAL 38 

1 
1 

1 
1 
1 
7 

61W 

PR-59 

3,126,129 
9,295,276 

103,919,929 

38,588 

1,296,981 
513,833 

3,953,256* 
260,103 

761,776 

PR-60 

314,924 
4,965,719 

41,766,404** 
125,398 

11,687,767** 
391,765 
310,638 
758,094 

1130,704 

PIR-61 

13,278,083 
2,057,840 

4,046,856 
5,386,869* 

6,044,705* 
726,837 
683,751 

1,115,009 
956.452 

W 

PR-62 

44,719 
631,196 

?8,400 
733,611 

261,136 
1,219,336 

1,671 
761,457 

351.308 

W 

PR-63 

621,217 
710,234 

1,255,106 

784 
1,681,019 

30,216 
3,060,054 

356,518 
836.640 

--

Residual Transfer Experiment 



Table 6. Example showing calculations for confidence interval 
procedure for experiment B-22
 

Does Y(-)

Predicted Yields (Y.) Uncertainty Factor 
 Lower 95% Upper 95% Predicted Yields 
 Occur without
Treatment Observed ObservedNumber Experiment-specific
Yields Deviations odl1t.0 Confidence Confidence from data from
s /-Cx Confidence
Model 1 05 ofieLimit Limit 
 other 30 sites (Y( ) Interval 

1 1455 -2687 -2745 
 1.96 (453.2106)(0.8195) -3473 
 -2017 -2275 
 Yes
 
2 1585 -2557 -2875 
 -3603 -2147 
 -2113 No
 
3 6229 2087 
 2303 
 1575 3031 1590 
 Yes
 
4 6451 2309 2376 1648 3104 
 1840 Yes
 
5 3130 -1012 
 -1039 1.96 (453.2106)(0.3706) -1368 -710 
 -806 Yes
 
6 2803 -1339 
 -1076 
 -1405 -747 
 -719 
 No co 
7 5813 1671 1361 
 1032 1690 
 1023 No
 
8 6029 1887 
 1370 
 1041 1699 1130 
 Yes
 
9 4171 29 265 1.96 (453.2106)(0.4256) -113 643 270 Yes
 

10 1081 -3061 -2870 
 -3429 -2311 
 -2041 No
 
11 6389 2247 2280 1721 2839 
 1868 Yes
 
12 4555 413 
 339 
 -220 898 14 
 Yes
 
13 4155 
 13 310 
 -249 869 
 220 Yes
 

Note: Model 
6 was assumed for the Y(_i) predictions. 
 No. within confidence interval = 9 = (9) x 100 = 69.2% 



Table 7 IMean grain yields of the leading five 1/ maize varieties of eight trials conducted at Isabela, Puerto 
Rico and Jaiba, MG, Brazil.
 

E_',_eriment/Season (Dry, Wjet), Year Planted 

\,'ariet /Source PR-4iW76 PR-5/W76 PR-1i.,7 PR-22/D77 B-2/W76 B-5/W76 B-14/D77 B-18/W77 
-------- kg/ha4-/ 

X3'04C, Pioneer 9782 3962 8998 5856 
 7458 7738 
X304", Pionner 8957 3647 8184 7740 
X3I . Pioneer 8349 8618 5300 7680
 

a i 8315 
X 0 ioneer 8186 7032
 
,_,uj, Pioneer 3388 7796 5654 8273 7442 4473 7523
 

ustral iai, 3264 

, .exico 3234 
liiC, Cargill 7520 9349 5182 49G
 
,K53P0, ioneer 6559 
\S1 7, Pioneer 5209
 
.laya X 8820 4122 
259, Aqroceres 8800
 
Phoenix 1110 8292 4417 7193
 

Hawaii 4518 5351
 

1/ in total, 30 selected varieties and hybrids were tested during 1976-78; only the top-ranked 5 in each 
trial are shown above 

2/ Mean grain yields of 3 or 4 replicates, adjusted to 15,5% moisture. 



Table 8. 
Mean grain yields of the top 10 varieties included in unirrigated "Brazil National Maize Trials"
 
conducted at Jaiba, MG, Brazil 
from 1977 to 1980.
 

Rank Variety 
1977 

Yield Variety 
1978 

Yield Variety 
1979 

Yield Variety 
1980 

Yield 

I Cargill Ill 

kg/ha I-

7336 Dekalb 7601 

kg/ha 

6770 Dekalb B670 

kg/ha 

8135 Cargill 11IS 

kg/ha 

8500 

2 Contibrasil 3 7158 Ag 170 6620 Cargill 125 7856 Cargill 11IX 7888 

3 Cargill IlX 7139 Dekalb B610 6574 Cargill 11IX 7829 Cargill 317 7355 

4 Cargill 318 7128 Ag 162-5 6452 Cargill lllS 7019 Cargill 5005-M 6823 

5 Cargill 319 7127 Maya XIV 5643 Dekalb 7601 6897 Cargill 121 6809 

6 Cargill IllS 7059 Phoenix 1413 5535 Phoenix B 6959 Cargill 115 67S9 

7 Cargill 317 6948 Contimayz 5491 Dina 05 6874 Phoenix B 6423 

8 HV-Gen 200 6824 'ioneer X4816 5490 Ag 401 6836 Ag 259 6218 
9 Composto A 6772 Cargill 5005-M 5435 Conti-Exp-I 6793 Dekalb R670 5885 

10 Cargill 5005-M 6725 GO 05 5329 Ag 162-5 6703 Pioneer 6874 4829 

1/ Adjusted to 
15.5L moisture grain, means of 4 replicates.
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Table 9. Mean grain yields of the top 10 varieties included in unirrigated

"Brazil National Precocious Maize Trials" conducted at Jaiba, MG,
 
Brazil in 1979 and 1980. 

1979 1980 

Rank Variety Yield Variety Yield 

kg/ha I-/ kg/ha 

1 Agroceres 66A 7259 Agroceres 64A 4983 

2 Pioneer 4816A 6378 Pioneer 6874 4399 

3 Cargill 511 6365 Save 342 4301 

4 Pioneer 4817 6040 Pioneer 6872 4267 

5 Agroceres 773 5950 Dekalb E5601 4193 

6 Pioneer 4816 5796 Pioneer 6875 4131 

7 CMS 05 5893 Cargill 511 4059 

8 Cargill 503 5675 Cargill 503 4041 

9 Agroceres 64 5518 Cargill 513 4003 

10 Cargill 508 5450 Agroceres 301 3965 

I/ Adjusted to 15.5% moisture grain, means of 4 replicate,. 
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Table 10. Mean grain yields of two INTSOY soybean variety trials
 
conducted in 1976 and 1977 at Jaiba, MG, Brazil.
 

1976 1977 

Variety ____ Yield Variety_ Yield 

kg/ha kg/ha 

Davis 4473 Davis 3367 

Bragg 4003 Essex 2884 

Ransom 3815 Columbus 2845 

Bossier 3513 B-l 2654 

Forrest 3176 Forrest 2579 

Colui-ibus 3397 Calland 2527 

Clark 63 3262 Improved Pelican 2384 

Cobb 2941 Jupiter 2196 

Cutler 71 2879 Ransom 2172 

Calland 2766 Cobb 1933 

Pickett 71 2698 Mitchell 1923 

Woodworth 2655 Williams 1923 

Hill 2641 Bossier 1898 

Williams 2598 Bragg 1823 

Improved Pelican 1178 Kahala 1787 

Jupiter 153 Rillito 1734 

Grand Mean 2903 2289 

Coefficient of 
Variatinrn (.) 19.2 47.6 

5' LSD Variety
 
Means 793.5 
 547.5
 



Table 11. Maize, Pioneer hybrid X304C, grain yields 
from three irrigation x nitrogen experiments (PR-24, 40
and 57) conducted at isabela, Puerto Rico.
 

_ . 

ka. a-

Planting 
. Date 

-ation, 
0 4 

water/anlication1 

S 12 
Grain yield, !g/ha i 

16 20 
Mean 
Yield 

Grain/ 
kq N 

kg 

0 !-1.-,, 
12 
12-1i2-79 

2285 
4499 
3106 

2119 
6205 
3499 

3281 
6048 
3636 

2002 
7689 
4092 

1027 
7471 
2985 

1224 
6548 
3330 

1990 
6410 
3441 

-­

-­

-­
20 -78 

12-1- -78 
12-1-3-79 

'1-!3208 
5131 
3607 

2071 
7019 
4406 

538 
6048 
3737 

1727 
7446 
4213 

2415 
6260 
3548 

2023 
8173 
3638 

1997 
6680 
3858 

0.4 
13.5 
20,9 

40 01-162-78 
12-14-78 
12-18-79 

4776 
4525 
3981 

3532 
5169 
5136 

3307 
6996 
4623 

4124 
6997 
4940 

3192 
7101 
4315 

4617 
8284 
4338 

3925 
6512 
4556 

53.8 
2.6 

27.9 
80 01-IS-78 

12-14-78 
12-18-79 

5403 
5643 
4244 

4931 
6309 
5916 

5109 
7034 
6097 

5522 
7290 
5742 

5945 
7453 
5983 

6095 
6085 
6173 

5501 
6636 
5692 

48.8 
2.8 

28.1 
160 01-183-78 

12-14-78 
12-18-79 

7815 
6915 
4894 

9969 
6473 
6553 

7980 
7194 
7569 

6974 
6962 
7843 

7997 
7557 
9160 

8954 
9252 
7541 

8282 
7392 
7260 

43.7 
6.1 

23.9 

320 ..-- --
12-14-78 
12-18-79 

4694 
5236 

7194 
6961 

6439 
8394 

8109 
8750 

7973 
9201 

--
8287 
8794 

-­
7116 
7889 

2.2 
13.9 

I/ W,-ater applications, 0-20 mm based on 
the entire plot surface area,-were concentrated on the crop rows.
2/ Adjusted to 15.5 moisture grain.
3/ Experiment PR-24, through error, received 8,' 
less N than indicated above, kg grain/kg N calculations
 

account for this error.
 



Table 12. Maize grain yield-related parameters for a moisture stress x P level x plant density experiment

(B-50) conducted at Jaiba, MG, Brazil.
 

Treatments Yield 	 Ear Shelling Time to 
 Lodged Hature 100-seed
 
(Periods of Stress ______ Count Wt. rate 50- Tassel Plants Plant Ht. Wt. 

kg/ha No. g days cm g 

1st 30 Days 6058a2/ 32 7a 134a 833a 79.6b 9.8a 239b 34.3a 
2nd 30 Days 3003b 27.1c 79b 79 9b 83.8a 2.8a 185c 30.4c
 
3rd 30 days 6287a 30 4ab 145a 83.5a 78.1b 9.1a 273a 33 6b
 
No Stress 6271a 31.6ab 147a 83.1a 78,7b l0.3a 269a 33.7ab
 

Shtreatments
 
k, p/ha Plants/ha 

60 55000 6139ab 33.8a 135ab 82.9a 79.6b 9.Ob 243a 33.8a 
40 55000 5343bc 33 8a 121bc 82 7a 90.1b 4.8b 236c 33.3ab 
20 55000 5189bcd 31.Oab 125bc 83.Oa 80.1b 7.4b 242ab 32.4b 
0 55000 4285d 28.8bc 112c 80.9b 82.2a 2 5b 225c 21.8b 
60 33000 4622cd 27 4c 147a 82.2a 79.1b 4.7b 250a 34.1a 
60 85000 6850a 27.9bc 117c 82.8a 79.2b 19.8a 253a 32-7ab 

l/ 	Values are means of 3 replicates; yields are adjusted to 15.51 moisture grain.
 

2/ 	Means within columns within treatments or subtreatments with the same letter are not significantly
 
different at the 0.05 level by Duncan's Multiple Range Test.
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Table 13. 	 Dry matter (MjFr) production of 34-day old maize (X304C) grown in pots
 
of Coto clay- treated with and without complete fertilizer and with
 
levels of lime. 

Trea tment 

DM
 
No. meq Ca/100 g soil 	 9/plant
 

-I 0p2-	 0.48 d / 

2 	 0 
 4.37 c
 

3 .26 	 4.32 c
 

4 .39 	 4.51 c
 

5 .50 	 4.86 bc
 

6 1.00 	 5.47 abc
 

7 2.00 	 5.52 bc
 

8 	 2.60 
 5.42 abc
 

9 2.86 	 5.20 bc
 

10 3.0 	 5.52 abc
 

11 4.0 	 6.91 a
 

12 4.29 5.57 abc
 

13 5,0 6.16 ab
 

14 6.0 	 6.28 ab
 

15 7.00 5.84 abc
 

16 8O0 5.95 abc
 

I/ 	Soil from the Isabela secondary site 2 (Calero), ph 4 2 in 120.
 

2/ 	 All treatments except no. 1 had a uniform application of complete fertilizer; 
treatment no. 1 received no fertilizer.
 

3/ 	DM values followed by the same letters are not significantly different at
 
the .05 level of probability; means of four replications.
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Table 14. 	 Dry matter (DM) production above round of 34-day old maize (X304C)
 
plants grown in pots of Coto clay!! treated with various lime and
 
micronutrient combinations.
 

Treatment 

No Lime Mi cronutri ents 	 DM 

meq Ca/lO0 	g soil 
 g/plant
 

1 0 Mg + Zn + B 	 5.03 bcd?­

2 
 0 Mg + Zn 4.58 bcd
 
3 0 Mg + B 3.85 cd
 
4 0 Zn + B 3.65 d
 
5 	 4 Mg + Zn + B 7.61 ab
 
6 4 Mg + Zn 7.17 abc
 
7 4 Mg + B 7,11 abc
 
8 4 + B 	 aZn 	 8.91 

1-/ 	 Soil from the Isabela secondary site 2 (Calero), pH 4.2 in H20. 

2/ 	 DM values followed by the same letters are not significantly different at
the 	.05 level of probability, Means of four replications.
 

Table 15. 	 Dry matter (QM) production of 28-day old maize (X304C) grown in pots
 
of Coto clay-/ treated with various levels of phosphorus fertilizer 
(TSP) 

P Treatment 
 DM 

kg/ha 
 g/plant
 

0 0.48 b 2/ 

43 1.88 a
 
65 
 1.94 a
 
22 
 2.00 a
 
86 
 2.08 a
 
106 
 2.62 a
 

I/ 	Soil from the Isab ia secondary site 2 (Calero), pH 4.2 in H20. 

2/ 	 DN vailues followed by the same letters are not significantly different at 
Hie 05 level of probability Means of four replications 
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Table 16. Dry matter (DM) production above ground of 28-day old maize (X304C)
 
plants (jrowri iLn pots of Coto clay treated with various combinations 
of lime and triple super phosphate (TSP) 

Treatment 

No. Lime TSP DM 
I/ 

meq Ca/lOg soil g/pot g/plant 

12 0 0 1.05 gh3/ 

2 0 0 0.58 h 
3 
4 

0 
U 

0,82 
1.63 

1.85 efgh 
2.17 efg 

5 0 4.08 3.30 de 

6 2 0 	 1.16 fgh

7 2 0.82 	 2.56 ef 
8 2 1.63 	 4.81 bc 
9 2 4.08 	 5.99 ab
 

10 4 0 	 1.82 efgh
 
1.1 4 0.82 3.10 de 
12 4 1.63 4.44 cd 
13 4 4.08 7.47 a 

11 6 0 	 2.32 efg 
15 	 6 
 0.82 	 5.03 bc
 
16 6 1.63 5.37 bc 
17 6 4.08 6.87 a 

I/ 	 PoLs util ized wro 15f clm in diameter filled to approximately 15 cm with soil 
f'oMm the lsah l,a c aondary site 2 (Calero), pll 4.2 in 1120. 

io.2/ \l I tra, i eot; ,.cvt i I received a uniform app] ication of N, K and
mrli :moout. i (0 tI.! 

3/ 	 OM va I(Ies foII od hy the same 1eLters are not signi ficantly different at 
th, .05 level of prohabilitLy Means of four replications. 
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Table 17. Maize, Pioneer hybrid 306B, wet season grain yields and 30-day plant 
heights from a phosphorus placement and rate pf application experiment

(PR-14) conducted at Isabela, Puerto Rico," during April to August 1977.
 

-of 	 P, ppm in soil solutionI/ 
Placement bdcst. -02 	 .03 .05 .09
 

Yield,k/h 2 

15 cm band 20 5539 c 5311 6276 'p638 c 

45 cm band 60 6096 bc 6745 abc 6897 abc 7516 ab 

Broadcast 100 7183 abc 7525 ab 7241 abc 8338 a 

Rill 100 6681 abc 6986 abc 7557 ab 6945 abc 

1/ 	Amounts of P applied were 62, 98, 139 and 193 kg/ha to achieve .02, .03, .05
 
and .09 ppm of P in soil solution, respectively, for broadcast treatments,

Actual kg/ha rates were proportionately less for band treatments. 

2/ 	 Values not followed by common letters are significantly different at the 5% 
level of probability. Values shown are means of three replications. 
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Table 18. Maize, X304C, grain yields from a tillage x plant spacing experiment
 
(PR-56) conducted at Isabela, Puerto Rico, from December 1979 to April
 
1980.
 

In-row 	 Tillage Treatment
 

Spacing Plants/ha Conventional No tillage Mean
 

cm 	 Grain Yield, kg/hai'
 

20 66666 9273 9446 9360 a
 
23 57971 8623 9142 8883 a
 
27 49383 7770 8174 7972 b
 

Mean 8555 a 8921 a 8738
 

1/ 	Adjusted to 15.5% moisture; means of 3 replicates.
 

2/ 	 Means in the same column or line followed by the same letters are not 
significantly different at the .05 level of probability. 

Table 19. 	 Yield data from a mulching experiment (B-70) with maize (X304C)
 
conducted at Jaiba, MG, Brazil, from June to December 1980.
 

Levels of maize stover Grain Yield Mean Ear Wt. Plant Count 

kg/ha- / kg/ha g (No./Plot) 

0 657 cJ/ 33.3 c 49.0 a 
1042 1100 bc 40.7 bc 51.0 a 
2083 1280 bc 44.7 bc 51.7 a 
4167 1076 bc 43.3 bc 49.0 a 
6250 1046 bc 39.0 bc 50.3 a 
8333 1108 bc 44.0 bc 49.7 a 

10417 9017 ab 56.0 ab 53.0 a 
12500 2544 a 72.7 a 52.0 a 

I/ 	Adjusted to 15.5% moisture; means of 3 replications.
 

2/ 	 Means with the same letter are not significantly different at the 0.05 level 
by Duncan's Multiple Range Test. 
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Table 20., 	 Maize, Cargill hybrid 111, yield data from a wet season population

density "wheel" experiment (B-15) planted November 1977 and harvested
 
April 1978 	at aiba, MG, Brazil. Each value represents the mean of
 
four replications of 8-plant samples. 

Circle Density Ears/ Ear Wt. Grain Wt, 100-Seed Wt. Grain Yield 

-/ plants/ha 8 plants g/ear g/8 plants g kg/ha? 

3 70,126 7.8 148 942 254 8349 
4 63,467 9.5 123 951 253 7612 
5 57,544 10.0 124 1030 262 7446 
6 52,174 9.5 132 998 260 6596 
7 47,304 9,3 136 1031 274 6163 
8 42,889 I1o0 140 1276 273 6869 
9 38,886 11.8 130 1261 262 6186 

10 35,257 12.0 140 1353 263 6017 
11 31,967 12.8 146 1526 262 6146 
12 28,983 13.0 142 1516 288 5529 
13 26,279 14.8 143 1746 274 5794 
14 23,826 15.0 131 1582 295 4765 
15 21,603 14.8 146 1779 295 4843 
16 19,586 14.8 157 1912 291 4702 
17 17,758 15.5 173 2140 288 5241 
18 16,101 14.8 168 2034 300 4130 
19 14,598 16.0 169 2211 294 4063 
20 13,236 18,,5 158 2386 306 3986 
21 12,001 17.3 151 2088 302 3162 
22 10,881 17o0 160 2182 308 2986 
23 9,865 16.3 167 2218 307 2763 
24 2,945 17.5 166 2393 322 2704 
25 8,109 18.0 168 2451 329 2511 
26 7,353 19.5 164 2626 310 2428 
27 6,667 17.0 172 2128 328 1784 

1/ The innermost and outermost circles were discarded as borders. 

2/ Adjusted to 15.5, moisture. 



Table 21. 	 Maize, Cargill Ill, data means from a date of planting experiment (B-32) conducted at Oaiba,
 
Brazil,
 

Planting date Grain Ears/plot Ear Wt. Shelling Grain H20 Lodging
 

kg/ha g . 

15 Oct 1978 6386 a- 66 a 179 a 78.7 a 23.0 a 15.3 a 

04 Nov 1978 5935 a 71 a 146 b 77.7 a 22.7 a 38.3 a 

24 Nov 1978 5005 ab 72 a 129 c 75.8 a 22.6 a 30.7 a 

14 Dec 1978 3982 b 72 a 102 d 75.6 a 22.3 a 13.3 a 

03 Jan 1979 2098 c 60 a 58 e 76.1 a 14.2 b 71.0 b 

1/ 	Means with the same letter are not significantly different at the 0.5 level by Duncan's Multiple Range
 
Test.
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Table 22, Crop yield and economic dat for four planting cycles of an irrigated, intensive management
multicrop experiment (400 m ) conducted at Jaiba, MG, Brazil. 

No. 20-M Yield Unit Value Total Value 
Crop/Variety Rows Planting/Harvest Dates plot yield kg/ha $ US $ US 

First Planting Cycle, Aug 78 - Feb 79 

Raddish, Redondo Verm. Precoce 2 Aug 18/78 - Sep-Oct/78 237 dz 
 -- 0l25/dz 29.62
 

Onion, Red Creole 
 12 Aug 18/78 - Jan 4/79 29c2 kg 1622 0.83/kg 24.24 

Carrots, Nantes Superior 7 Aug 18/78 - Jan 10/79 124.0 kg 11,857 O42/kg 51.67
 

Garlic, local cultivar 
 6 Aug 21/78 - None harvested (poor germination) --

Dry Bean, Campesino 26 Sep 11/78 - Dec 28/78 20.6 kg 515 0.63 kg 
 12.88
 

Maize, 111C (Cargill) 27 Sep 18/78 - Feb 24 /79 
 230.6 kg 5765 6.25/60 kg 23.95
 

Total Value, 1st cycle 

142.36
 

Second Planting Cycle, Apr-Sep 79
 

Dry Bean, Carioca 26 Apr 10/7S - Jul ?5/79 
 60.0 kg 1500 0.82/kg 49.20
 

Maize, I11C (Cargill) 14 Apr 25/79 - Sep 18/79 24.7 kg 
 617 0.19/kg 4.70
 

Squash, Abobora Menina 
 5 Apr 25/79 - Aug-Sep/79 
 186.6 kg 12440 0.42/kg 78.37
 

Cucumber 
 5 Apr 25/79 - none harvested --

Squash, Zuchini 3 Apr 25/79 - none harvested ...--


Total Value, 2nd cycle 

132.27
 



Table 22 cont'd 

Crop/Variety 

Third Planting Cycle, Sep 79 

Cassava 

Dry Beans, Carioca 

Peanut, Tatu 

Total Value, 3rd Cycle 

No. 20-m 
Rows Planting/Harvest Dates 

- Jul 80 

13 Sep 20/79 - Jul 3/80 

26 Sep 22/79 - Dec 28/79 

12 Jan 4/80 - None harvested 

Yield 
plot yield 

954.3 kg 

37.4 kg 

--

Unit Value Total Value 
kW/ha $ US $ US 

23,857.5 0.16/kg 152.69 

935.0 0.95/kg 35.53 

-- -­

188.22 

Fourth Planting Cycle, Jul 

Onion, Early Yellow Globe 

Dry Bean, Black Rico 23 

Carrot, Nantes Superior 

Total Value, 4th Cycle 

80 - Dec 80 

26 Jul 11/80 - Nov 19/80 

26 Jul 15/80 - Oct 25/80 

13 Aug 25/80 - Dec 29/80 

466.3 kg 

49.3 kg 

458.6 kg 

- 11,657.5 

1,232.5 

11,465.0 

0.65/kg 

1.20/kg 

O.73/kg 

303.10 

59.,6 

334.78 

697.04 

Total Value of all 4 cycles 

Mean Value per planting cycle 

1,159.88 

289.97 
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