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* qREPORT 
 SUMMARY
 

A. 1. Project Title and Contract Number: Crop Production and Land Potential of

Benchmark Soils of Latin America  AID/ta-C-1158
 

2. Principal Investigator, Contractor and Mailing Address:
 
F. H.-Beinroth Univ. of-PuertoRico 
Department of-Agronomy and Soils
 

College of Agricultural Sciences
 
Mayaguez, Puerto Rico 00708
 

3. Contract Period (as amended): 
I January 1975 to 31 December 1980
 

4. Period covered by Report: I October 1978 to 30 September 1979
 

5. Total AID funding of contract to date: $2,110,555.00
 

6. Total expenditures and obligations through previous fiscal year: 
 $1,101,538.55
 

7. Total expenditures and obligations for current year: 
 $346,412.60
 

8. Estimated expenditures for next fiscal year: 
 $420,600.00
 

B. Narrative Summaryof Accomplishments
 

The objective of the Benchmark Soils Project is 
to demonstrate that agroproduction
technology can be transferred among tropical countries on the basis of soil classification. 
To verify the transfer hypothesis, a series of crop production and soil
management experiments are conducted in various countries by this contract and 
a
parallel project of the University of Hawaii.
 

The soils selected for experimentation by the University of Puerto Rico project are
highly weathered, red upland soils of the subhumid tropics defined as Eutrustox in
the U.S. Soil Taxonomy. 
six experiment sites in such soils were established, three
in Puerto Rico and three in Minas Gerais, Brazil. Following previously developed
standard procedures, a total of 31 transfer, 5 variety and 9 management experiments

with maize and soybeans were completed or begun during FY 79.
 

Maize yields obtained in the transfer experiments were generally good to excellent.
But statistical analyses of the field data revealed considerable variability, both
within and among sites and from season to season. While this is to be expected in
view of divergences in past management and oth r site variables, it renders the
transfer test difficult. Encouragingly, the R values for regression analyses by
different models indicate that there was no segregation of sites along country lines.
However, P-statistic analyses showed sizeable differences between obser.ved and predicted yields, stressing the need for considerably more modelling work. 
At this
point, there is no strong statistical evidence either for or against the transfer
hypothesis. 
It is nonetheless expected that further fiold experimentation and
refined statistical analyses will corroborate the hypothesis, 
at leart in essence.
 

Management experiments focused on irrigation, plant population density, rninimur
tillage, liming, and variety trials. 
These studies were designed to till gaps in
the knowledge about the management of Eutrustox and to generate information of
local applicability.
 

Dissemination of project rationales and results at workshops and tmia.rs, a'id
through brochures and a regularly published newsletter lead to a growing international acceptance of the concepts under study. 
 In addition, various manuscripts

have been prepared for publication in scientific journals.
 

http:420,600.00
http:346,412.60
http:1,101,538.55
http:2,110,555.00
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° MUCION
 

This is the fourth annual report on the Benchmark Soils Project of the University of 
Puerto Rico which became effective in January 1975 under contract AIDtaC1158-as ,&
ccmpanion project to a similar AID contract of te University of Hawaii. 

The report covers the period from 1 October 1978 to 30 September 1979 and deals mainly
with the acomplishments achieved during that time. Emphasis is placed on the presen
tation of the results of field exFeriments and their statistical interpretation rela
tive to the project hypothesis. No effort is made to reiterate at length the basic 
rationale of the project or the generalities regarding research strategy and experi
ment methodology, but pertinent refer(40 statents are included. For more detailed 
information on these aspects, previous annual reports and joint progress reportstwo 

on 
the Benchmark Soils Project published by the UniversIty of Hawaii (PRBSP-01-8/78
 
and PRBSP-02-9/79) should be consulted.
 

An administrative and fiscal report containing a complete account of expenditures
 
and a 
budget forecast for FY 80 was submitted to the AID Contract Office in January
 
1980. Fiscal data are, therefore, not reported here.
 
It should be pointed out that the present report has been prepared primarily for AID
 
review and is not intended for wide circulation. Hcwever, the Universities of Hawaii
 
and Puerto Idco will again join efforts to prepare a 
combined report of appealing form 
and substance which will be published and distributed in 1980. 

REFERENCE BACKGROUND
 

I. General 

AgricUltural production capacity in the less-developed countries (LDCs of the tropics 
must be expanded by increases both in the yields'per hectare and in the area of cul
tivated land to meet present and future food demands. While there is no fundamental 
reason why these denands cannot be met, the record so far has been less than reas
suring. 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 corres
ponds to about 10 percent of the land resources still available for cultivation and 
to only about 9 percent of the land currently in agricultural use. Tn the same 
period, however, the world's population increaseA by. 40 percent. Distressingly, 
the expansion of cultivated lana.% In the WbCs in particular is far lagging behind 



that required 1y the increase in population there. If the 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 1-nd-e*4reases in yield need to averac about 2. 5 percent per year. 
The growth in resource productivity must be quidt] by iiise land-use decisions and 
based on sound methods of soil and crop management. Because biological phenaiena,
such as crop production, have to be studied in and cannot be separated from the
 
ecosystem where they occur, 
 the task of develcping al advanced technology for tro
pical agriculture must therefore be act'aq)lished primarily in the tropics. How
ever, the traditional, empirical approach 
to improving crop performance -- acoricul
tural experimentation-- is botl expensive and tme-consuming. And many LDCs lack
 
the manpower, capital and institutional capacity to conduct all of the research
 
needed. It thus stands to reason 
that they should capitalize on experience gained
elsewhere under conditions of similar ecology and factor endowment. 
Kellog.g (1967) "fully expects that 'some day' the most productive agriculture of
 
the world will be mostly in the tropics, especially in the humid parts." There
 
has been enough imaginative soil and agronaic work a
to show in few pla.' q that
 
this is not beyond our capacity. The hncxledge base required to transform agri-
culture in the tropics fram a 
natural resource based enterprise to an industry
 
founded on science and technology is now gradually being generated thirouqh 
re
search and development in many agencies and areas. Altuhough there has been a
 
lag in the large-scale dissaination and systematic application of this knowledge,

transfers of applicable agrotechnology 
are of such critical intxortance to the 
agricultural and econcic develonrzr--nt of agrarian LOCs that they Irust now be faci
litated.
 

In the context of this perspective and cr, the bassits of the rationales elaborated 
below, the Benchmark Soils Project czntend. that soil classification is a suitable 
vehicle for and an essential elewent of the prc zess of acrotechnology transfer. 

II. Project Rationale 

Many authoritative statments cian bY. ZeVrd in the literatnre that allude to the 
fact that soil classification, in coniunction witlh soil surveys, provides an ef
fective basis for knowledgo trarsfers. Of the various oystcni of soil classifi
cation in use, Soil Taxonarn (Soil Survcy Staff, 1975) i3 bet suited for prac
tical interpretations as it was corceivex with this end in mind. 



After 20 years of preparation, Soil Taxoncmy was published by the USDA Soil Con
servation Service in 1975. 
It is an attempt at a cuprehensive taxonomic classi
fication of soils and constitutes the most elaborate ,nd most quantitative system

veloped to date....... Although basica] ly an American systeii, Soil-Taxoncey is gra

dually becoming the internationally accepted classification for scientific com
munication, and more and more pedolocists, partiallarly in the Third World, are 
talking to each other in term of this 3ystem. 
itis also used, either in lieu 
of or parallel to, national systbens of noil classification, notably in Southeast 
Asia and inLatin America. 

Like most taxonomic systems, Soil Taxonomy is a multicateqoric system. Each cate
gory is an aggregate of taxa, defined at about the same level of abstraction, with
 
the smallest number of classes in the hiohest category and the largest number in 
the lowest category. Inorder of decreasing rank, these categories are order,
 
suborder, great group, subgroup, family, and series.
 

The soil family constitutes a 
condensed scientific statement that integrates the
 
knowledge about a narrowly defined group of soils and their environment. Soil 
f,milies are, within a given subgroup, differentiated primarily on the basis of 
soil characteristics that provide classes having relative homoqeneity in proper
ties important to plant growth and indicative of soil-water-root relationships.

Soils classified in the same family should, therefore, have nearly the same manage
lnt requirrnnts, a coamon response to cultural practices, and a similar potential 
for crop production.
 

This assumption isbasic to the Benchmark Soils Project and a 
te.st of its validity

is the principal concern of the Project. If proven correct, Soil Taxoncmy, to
gether with soil resource inventories, can cinrgc: a! a powerfuil 
 tool in the process
of agrotechnology transfer and provide a frar:qor'A for irdobilizing aW utilizing 
existing soil management and crop proldiction knc/dedge. 

III. Project Purpose andOblective.
 

Mhe purpose of the Benchmark Soils Proj, <ot 
 (1P)is to test an innovative approach
to agrotechdology transfer in the tropics irnd deovelop a Prthro.oogy designed to 
assist LDC's in appropriabt y uLillzincj th.i.]a.xi resources for increase6,and 
n.etter quality food production by bypassing 1tav consutrainto. Prin!7ipal among the 
onstraints prevalent in txl's arc iris ffc'Ient c'pi tal, scarcity o.- qualifie

-esearch personnel, and lack of ti- (cI ore the widening qap betwe'.n nlorprO
'-i:on and food requirmnts. 
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The primary research objectives of the BSP are: 
1. To demonstrate that soil management and crop production knowledge can 

be directly transferred amon, tropical countries at the family level.. 
of Soil Taxoncm, and 

2. To establish that the behavior of tropical soils and their potential for 
food production under various levels of management inputs can be predicted 
on the basis of 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 the estab
lished taxonomic criteria. For a limited number of soil families, the BSP further 
attempts to indicate management alternatives conforming to the econcmic decision 
environment of small farmers in tropical LDC's. 

IV. Research Design and Methodology 

The strategy to test the project hypxothesis consists basically of conducting a
 
series of identical experiments in soils of the same 
 family and monitering crop
performance. 
The research design and methedo]oay was developed in concurrence 
with the reconmendations of the Workshop on Experlmental Design (Silva and 
Beinroth, 1975) and in close coordination with the University of Hawaii. 
In the
 
Project design distinctions are made lvtween two types of experiment sites, de
signated primary and secondary sites, and three kinds of experiments referred to
 
as transfer experiments, variety trials and mnanagerent experiments.
 

Primary sites are experiment locations where the three kinds of experiments ex
plained below are conducted and which are cox p]tely instrumnted for collection 
of pertinent weather data. At each priimai.y site the following weather parameters 
are monitored: (1) ambient temperature and relative humidity recordeO continuously
with standard hygrothernographs, (2) daily maximum and minimu' a*bJ.cnt tonpratures, 
(3) rainfall recorded crntinuously or daily. (4) accumulated daily solar radiation,
(5) daily wind run, (6) pan evaporation (qptional) , and (7) nuizmum-minimum soil 
tomperatures at 5, 15, 20 and 50 cm depths. To the extent possible, instrumenta
tion is according to U.S. Weather Bureau Standards. 

Sacondary sites are experiment lcx:ations whore only transfer experiments are con
ducted. They are required to increase the number of expartment sites por Soil 
family iM order to have sufficient data for a statistieilly valid estirmte of the 



6 

effect of uncontrolled variables on cjlp yields. Secondary sites may differ fromprimary sites in that they exhibit variations in soil properties inportant to plant
growth, such as pU or base saturation, within the range permitted by the definition
Of the sod faily. If located at son- distance fr=n the primary site,esecdary
sites may also have different weather o-nditiens. It, this case they are equi[ped
with the standard instrm-Yrt shelte, hygrotenur %, rain-gauge and solar radio
mter. At secondary sites situated close to the respective primary sites, only
 
rainfall is recorded, 
 as other weather pararNmters are not likely to vary signifi
cantly over short distanc-es. 

Transfer eprimnts are soil fertility trials desiqned especially to cenerate thedata necessary to test the hypothesis set forth above. Their design is the 52
 
partial factorial mdification by Escobar as descTibed in a paler by Laird and

Turrent and presented at the Workshop on 
Eerlmnmtal Design. Currently tle two

variables on Eutrustox 
are phosphorus and nitrogen at 5 levels each with 13 of the
25 total possible treatment corjinatiuns and 3 "control" treatm;ents. These 16treatwents are replicated at least 3 tires; thus, there are 48 plots in each ex
perint. Such transfer experinmts are comnducted 
 on all prirary and secondary

sites. In order to e]ininate, 
 or at least mininuze, the effect of the natural

oisture variable, trickle irrigation systtvTo are installed for all transfer 


Iperirxnts. Tensiareters are uned to dtermine 
ex

the frequency of water applications.

Soil misture is maintained at or 
noar cptiitm le'uls throuahout the grtqith period.
'ikth maize and soybeans have b X;c.!Cnlydtcest 'Cr,,ps In earlier transfer ex)eri

ments, but only maize is mszcd.nc-w Varieties knck-ai to be well adapted are planted

in the transfer experimnts at each 1o(atir>,.
 
arle are conductod at the nrirwt&o sites assureto that a well adapted mid

>'roductive variety is grown in the trmn , at allperix,nts kxations. Also, to 
rNtike the yield data ammnq sites r)re erRarfhe, thi test crop varieties of each
site of the network are inciuled in the ia'i,,ey triils at each pri:miry site.
 
rn the variety 
trials a split-plt dosi,, ii rap](oyod, each variety being grcn
with phospKrus treattients at tuk) l.v', '. Wi t. all other controllable conditions 
at or near opttznim, this prov1 P,1A ur, , of eah variety's reotiiremiont for and 
capacity to respond to anplied pho~WhA1.u. 

~arc~nepor ' ts havo Uiic pS e to prvid' nform:1.01u on eCxnorniVMC and efficlont practices, d inforrati,.'v t(r)1 ,',t sof interprotations and landevaluation. iWereas prc.-our,th' Iroi ',(,'r cthe< t transfe %cxrinrnts must 
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be virtually identical at all sites, t:.he' desqr of the managaeent experiments is 
more flexible and allows the BSP to rm.; rx)nd to hKost Mioitry priorities arid local 
falrerr needs. A philosophic fram-erk for th, rrvinagenent expe "imnts was deve] 
.oped.t.-the firstannual coordnat- ~~i!t:i~nq-of -he BSP projects in .1976. Par

ticular attention is paid to exI.-xrinents on c. stly inputs ard hiah enetry use
 
cultural practices, such as irriqaiion, fertilization and tillauce.
1leictld operations, and c llcticrn w . poCssinq follow standardized proce

dures to ascertain cctrnatibility of reokits throucihout the network. Working in
 
close cooperation with the Univer ,ity 
 1!wal.i, a set of guidelines wan devel
oped and is continuously reised 
 that l ox.)t.ry: wnd field exIperim-nt proce
dures can be as nearly identical 
 as s- Iwirthin the constraints confronted
 
at the various experxevnt sites of pro<o.t.
e.icl 'Trpese cgudelines are suffi
ciently detailed to insure caTnpr-rability of d.
rLi ,.,-.ined at all sites. All
 
field operations such as land pr ti'.i, 
 : .ol,*(-) I,: irrioation, f.*ltivation
 
and harvesting are considered, as w-l as fii(t 1,11.t designs 
and riata observa
tions. Special attention has be.er, qipvtv to t,, !W!ilndardizatlon of climnitol.cical
 
data collection. 
 tach of the exp-..,-ts 1; statisticilly analyzed in consulta
tion with the project's statistics rxIjXrtc. The tYriversity of 1{awaii ass red the
 
responsibility for the overall 
 ariajyse. 

V. Network of' EriEMtes ment 

A. Soils 

The soils selected for experilmcnticti ,.*n L n- th(:,* chayy, kolinitic, isohy
rther.ic family of 
.. F-utrusto. TH; ftiyv was cir.son ecau!ie it is 

cxrrron to Puerto Rico aid Hadwaii I~w-(),OVI . required,( link betwoeen thie 
tv) Benctmiark Soi is Projevcts. 

utrustox are well-draotne, -,od ln.-, :-.r urri n: under savanni or deciduous 
forest vegetation in subhlu, id tr.,4,4,.t1n;. b'o" a [, sli chtly acid t neutral, 
have an appreciablo slupply nf )xiso:, 'n,, -t elexree Io h iuih twisp~JC ril-tror, (n tho 
,5Ubsoi . Arnqn th.,ir tlchetnQ zpl-p tic' 11 o i iedtv wator H'int- ~r~rt7 3l 
te dodfncy to ccinpact Wfl([n cultiotvdt(. Wi t.Ji h,Kw .tVlmrt, anl [I,)v u -ILR(..,fdrieDI-

Abi"N in frr)~ 1 ~440tra lr icu Itf,,r 1.o eiI 

krmore than thrv imth rer ye.'o A; 


sujI Icit~ :i.T 
. hi it, r t *r-r . l"ip us o n A4O 

they are extensive In tropi:.-a .41:)th 4rTv,r ca ,,rO Crica. Th, 
4of retources preferrod for ll"d'r t't. r othlt~J ()Y1,uI ! -',t. 

http:rther.ic
http:ox.)t.ry
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of their high base saturation stAattg. 

B. ExI-vrlmrent Sites 

I11 theory, the locations for field ' .-crilrentation iqhould be randomly selected from 
all the units of the population ao .1M rine-i nthe stated oIf iy. In........
 
the project, however, randar, san .iin I, not feasible, primarily 1heause only a
 
lim ittd ntmwier of countries can 
1.c invilvex. On the basis of preliminary invosti
gations involving literature surveys 
x 3 -,nsuta t i,,_.s, the search was concentra
ted on Brazil, Colombia, the Danrioan Roe[ib)lic, Jurviica and Venezuela.
 

In spite of extensive field and laixiratory stud..ks, the desired famIy of EutVus
tx could only be identifled in the northern r',trt %f the state of Minas Gerais 
 in
 
Brazil. Other potential lcxcatevs ha teo be eliminated because the soils failed
 
to met the specific family criteria 
or c'ause of adverse lcxoistic conditions.
 
Experimtnt sites were, thlerofore, est:Olished 
in Puerto Rico and in Brazil. 

In Puerto Rico, vie prirniry site acid one stcxrdary site were installed in 1975 on 
the grounds of the 1._obela AqriculturalrrI ent Substation of tUe University 
of Puerto Rico located in the northwestern corner of the Island. An a~ditional 
secondary site is on a private famn nearhy,. 

In Brazil, onie prirrklty and two secondary sites were established in 1976 and 1977, 
respectively, in an area adjacent to the Sao T"ricisco River in northern Mitnas 
Gerais kilmon as the "Distrito Awr-Ind,strial de Jah,ba". This 30 0,000-hectare 
sch:ne was recently devwlcjcA and is ncw k iny oq ned for colonization by gra]l 
farmers. The BSP sites are thus; wol i v1tee& [rr the point of view of local 
tropact and utilization. The nri a t:y, ,ha, .Taiba xq rtses 6 and in a 
'T*w L*Tperiment f (rm orx~lated ),-j t Iv pro -rct ''2 v rat 4na agency, EP1AMD. '11-e
 
, secc)ndatzy sites of 
 3 h eafh wore up ,- ,r,,. l]and rear the Jaba site. 

At all troo loeation,, 60i1-de-: W ... ,l v, u11 (,edrilled to a].lcm irri
qatlon. 

Ylm., Puerto Rico project thus .ix-re0ros ix silos. ... othor with tho Site of 
the Hawaii proujtct, the BS3P Li . p:,itox ,,.r . n-I'M',J aiht site in three widely 



ACOOMPLISHMENTS 

I. General Scope of Work 

With all six experiment sites in Puerto Rico and Brazil fully operational, project
--activities during the report perlod were-cxncenraed on agrnc fieid wArk........ 
Particular eTphasis was placed on transfer id mumatimnt experirits. Table I
 
showqs the nurber of field exporiments cducted during FY 79 and since project 
 im
pleentation by crop, kind of exIvrmi nt. Lmd country. A detailed timetable of the 
ewiriments carried out in Puerto Rico and B[azil is presented in Amndhx A. 

Table 1. Experimnts c(xrplet{v] or x-.nu, durin-a F'Y 79 and life-of-project 

Transfer 
Puerto Rico 13 (28) *) (5) - 13 (33)
Brazil 18 (24) (1) 
 - I8 (25) 

Variety

Puerto Rico (5)  - (5)
Brazil 3 (10) 2 (5) - 5 (15" 

Mianageent
Puerto Rico 
 3 (8) (3) - 3 (11)
Brazil (6) (1) 2 (3) 6 (10)4 


41 (34) 2 (15) 2 ( 3) 45 (99) 
*) NuTrbers in parentheses total of exporlrmnts cxcpletedIrndicate ofutr or Lhxun 

to date.
 

Field experimintatipn fulcvcd t'hc reiii trct 'dh(.,eq] c i- I demim deeloodx Jointiy
with the University of flawai i. Altl)o h t-.ho.sr, prrx.:dures wre *-,cntia I y estab-
lished in previcos years, reffinm.Ynts At, thce rettx of phosrioujs det irmi'tico k 

made in 1978 and 1979 in aicordrmc viti tr, r vmmndations of cxydtatuidj n- ft. h 
of the two Mimdark Soils Prolocu., 

The yield and tW,,t rrop nlert, a (- M1 ext:,*irfr',nt,7, w're statitstically wnl
"xzv at UPR's Agrteu'ttjral EUxiv'c , Toi, the pr rsirvjit. n. additiol, lect ftiatIs

fcr consultant, Dr. Larry A. Nlhicn, s,,-it 
 iniiO UI,: dtaf re',ati, to L1 proie'-!
} YIrthes is. 

http:t-.ho.sr


Continuing efforts were made to strenqthen the existing linkages vid to establish 
new contacts. L.ssemination of project conc)npnq..w'd rosults was accrnplished 
through technical papers, seminars and periodica-) puAbications. 

As detailed in the adminis .rative revort, 8 professionials, 9 nprcfessiioa Is 
and a varying numter of field lai1xers and tudents uvre d in prooject act

vities during the report pex Ml. (11. mirrent rLmlar 1xroict staff is listed in 
Appendix B). In rY 79, the total wrk effort xwunte to ihotut 290 mn-mnths. 

11. Testin the Transfer MnypobhesRs 

A. Results of Transfer FxL)rinents 

1. General 

As explained in the BKSP Annual thelsearch W-,xlrt for FY 78, tr&isfer ewvrlmanta 
are designed specifically to generate data for toestinq tUe tochnolon, transfer hy

pothesis. They are c-,nducted WiLh maizw as the test-crop and with two contolced 
variables, phosphorus and nitrmen levels. Initial plantings of transfer experi
mints are fol.lr .d in the sxw- plots b, ro3iJtMl transfor exirlmnts, whreb-' a 
rroasure is obtained of maize resixnse to residual ply'sp-Xr)mIs letft in tht soil arter 
the initial transfer experitmnt is harvested. No acditional p.h)tshoru.; is applitd 
to residual trials but nitrogen treatmmt!J'Js , te at the siave levels 'asd 
for the initial plantings. I3th the Init.ial. a116 r-psidi transfer ex rinmmts pro
vide data for use In testini the ti ,fer hyuethc43 s. 

Thco data presented in this section aro ftc r, the it'Vrsto- r, rmonts h&rist ] 

.1(xtrwtr t ?eta er 1,'79. ion';during the pericd frr, 1ot i- .fr1lifict30 
of presentation, tho, vexeripx'nts are cirnut~l(d Lo..-c ~ -,idas~ Iil cvwl roida, 
trans fer experiments. 

ThoM fol lc¢ing is n largely doscript vw', akn%-!uAit '; tlo rxrorirv;lit resu4nlts ari'l their 

aroi..c iiiterpretation. A titarit C.vi........ i. qivon In thoe_s,,o.(ent.:
 

2.Results of' dry veison tt 

4. Iritial trict efr Lr.t' 

iurinq the 1978 dry s, , rea.grir 

{ tUp to t{- 4,+.85 Vlft4V 
ftPiaaa) and 442P~tiI011eAa !"ov 

w q;rzirfl yivlir, risnIt&P (-4t 

P 

, 

;1 

2o 

~ 

-rh 0 nhar'l 

tI f,r 

!4;',ji 

~ t~ 

t i 

with phool'wj 

iuit;i t the 
'Xhv 

1~. t0Ji6 

-rw 

imI-: 

V( 



Table 2
 

Maire, Pioneer hybrid 304C dry season yields from Initial transfer
 
-xperiment(rSp B-22)tlanted June 20 and harvested December 15, 
1970
 
at Jaiba, MG, Brazil, primary (ParanA) site.
 

Gri~an Yield, kg/ha

26.6 +.85 
 7551 7718 	 7786
 

20.2 ' +.40 7034 7247
 

. 14.4 , "O" 7267 5485 5007 5024
 

e.6 -.40 	 3746 3373 

2.2 A -.85 	 1741 1292 1895
 

0 	 -I 655 85.1
 
U Coded N Treatment Level
 

-1 -.85 -.40 "0" +.40 .85
 

N kq/ha
 

0 14 54 90 126 166
 

11 	 Adjusted to 15.5% roisture, ma of . replicates.
 



Table 3
 

maize# Pioneer hybrid 304C dry season ytlds from initLal transfer
 
experiment (DSP B.26)planted Juno 19 and harveastod December 5, 1978
 
at Jaiba, MG, Brazil, secondary site 02 (Sahla).
 

Crain Yield, kq/ha

53.3 , +.85 7649 0436 8453
 

40.3 +.40 7543 7711 

28.8 "0" 8805 7233 307 7155
 

1, -.40 6827
17.3 6467 


4.3 -.85 4337 3952 4144
 

0 r- 1 1396 3049
 

Codei N TroAtTrnt Level 

-1 -.05 4f0 "0" +.40 *.85
 

!kq/ha 

0 14 ! .I 90 126 1E6 

'A/ Adjusted to 15.05 mointuro. mr-in .ti3 rop3lcato. 
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and 4144 to 8453 kg/ha for these tw Brazil ites, respQecti'ely. A sinilar degree
of yield increase with applied P was observed across all levels of N. the

Brazil secondary site #2 (Cear&) 

At 

there was response to P, althouqh much less, and 

the yield curve, began to leovel ,off at 1ctwl._ eeso Conversely, -an" --initialtransfer experiments conducted during the 1978-79 dry season at Isabela, Puerto
 
Rico there appeared no well defined response to P (Tables 4, 
 5, 6 an4 7).
 
With 
 the possible exception of Puerto Rico secondary site 42 (Calero), it appears

likely that a reserve of residual P fr, previous fertilizer applicatlons at the.

Puerto Rico sites is adequate for one or nore 
crops of moize, Ho1ever, scre ear
lier transfer experiments at adjacent sites have clearly demnstrated positive

yield responses to P, indicating a potential for yield increase 
and a limited soil
P reserve. 
At the Calero site yields were restricted by other constraining factors
 
to such an extent that, even if reserve soil P and N were lav, a clear response
could not be demonstrated. Mbra recently, lim x plxisphorus level exporirents andblanket applications of limo to transfer trials havv shown yield respunses that
implicate low pH as a partial cause of the low yield c-eiling at .alero and possibly
a3lso on scy smaller units within the Puerto R.co primary site (Mara!).
 
Only at the Ramal site was there 
a chear xsitive yield response to nitrogen; te

yield range in that initial transfor oxperimnt was 
 fimr 4436 to 7678 kg/ha as
iihown in Table 5. There was p:4sibly a ,ild increase in yield with N applications

at the Puerto Rico w.vondary site #1 (Crro), 
 bit ti effect at all was cbserved at
the Calero site. In Brazil none of tho, atte; rimi:x*nded to nitrmien fertilizer in
 
r%' 79.
 

Apparently, at the AISP sites in Brazil. .suffclent soil N is available for at least 
oun or Pore croppirr, seasons, the ftes mtas all %nessentially virgin lnd. In
Puerto Rico ail1 DSP sites have ,-r demadesLen 'up (:v and available soil. N
depends largely on rocent cropp.nq Lit'.v - l a,-I;' s of nfvaoinocret,
<'specially fertiliZer Ip1i , 11d! ,.a"onst,,sm ro. the offe<t.s of N txrit wnts 
have been quite variable in Pujertn P, : 

U.Residual transfer ctxvrrmot,; 

fllwidual transfo rIn-W-,, Prazi I 71 
tot P sinI ar to thit o ril '0 q K I.... I t raL.fr ,'Or ,;, a ItIioelu 

1rv xiru y eth for the tun thYO " i !.4""t: . ri , . :inf an9 reseta 
AV m re lativ Iy Il(-, 5361 and 64 kjt,. 4 1r rnJ9 ~rs 

http:cropp.nq
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Table 4 

Maize, Pioneer hybrid 304C dry season yields from initial transfer
 
experiment(BSP B-24)planted June 20 and harvested November 29, 1978
 
nt Jaiba, MG, Brazil, secondary site #1 (Cearg).
 

Grain Yield, kg/ha

7.6 0 +.85 7949 8194 8595
 

5.8 +.40 7932 8319
 

4.1 "0" 8331 8117 7449 7747
 

7', 2.5 4 -.40 6239 7424
 

0.6 -.85 7346 7125 7659
 
Pc 

0 o -1 7097 6523 
U 

Coded N Treatent Level. 

-1 -.85 -.40 "0" +.40 +.85 

N kg/ha 

0 14 54 90 126 166 

I/ Adjusted to 15.5% moisture, means of 3 replicates.
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Table 5 

Maize, Pioneer hybrid 304C, dry season vields from initial transfei:
experiment (BSP PR-37) pia!-,t-cd December 6, 1978 and harvested Aptil 1'19,
1979 at Isabela, Puerto Rico, primar., (Ramal) site. 

Grain 'ffid, kg/ha! / 

43.3 OJ +. 85 4841 6450 7462 

32.8 V.40 4977 6629 

2)3.4 " 4916 5062 6923 7678 

, 14.0 -. 40 6694 7222 

3.5 1-.854436 6794 6984 

0 
0)
0- 1 4931 5876 
0 

Coded N, F'reatment Level 

-1 -. 85 -. 40 "0" +.40 +.85 

',,., kg/ha 

0 14 54 90 126 166 

1/ Adjusted to 15.5?- moisture, means of 3 replicates. 
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Table 6
 

Maize, Pioneer hybrid 304C, dry season yields from initial transfer
 
experiment (BSP PR-38) planted December 6, 1978 and harvested 'nril
 
17, 1979 at Isabela, Puerto Rico, secondary site #1 (Cerro).
 

Grain Yield, kg/ha-"
 

32.5 

24.6 
4IJ 

0 

+.85 

+.40 

7387 

6329 

7640 

7383 

7556 

17.6 
4J 
M "O" 6265 7429 8115 7647 

10.5 E -.40 7489 7946 

2.6 -.85 7617 7110 7577
 

0 o -1 6989 8342
 

Coded N Treatment Level
 

-1 -.85 -.40 "0" +.40 +.85
 

N, kg/ha
 

0 14 54 90 126 166
 

1_/ Adjusted to 1.5.5% moisture, means of 3 replicates.
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Table 7
 

Maize, Pioneer hybrid 304C, 
 season yields from initial transfer
experiment (BSP PR-39) planted 
dry 

December 12,
24, 1979 at 1978 and harvested April
Isabela, Puerto Rico, secondary site #2 (Calero).
 

Grain Yield, kg/hak / 

32.5 $ +.85 3599 2900 3077 
24.6 +.40 2724 4084 
17.6 1"0" 3217 4248 2181 2379 

0 10.5 '4 -. 40 3035 3687 

2.6 -.85 3250 3577 3268 
0 U) 

0 
1 4286 3815 

Coded N Trealrrient Level 

-1 -. 85 -. 40 "0" +.40 +.85 

N, kg/ha 

0 14 54 90 126 166 

1/ Adjusted to 15.5% moisture, means of 3 replicates.
 



Table 8
 

Maize, Pioneer hybrid 304C, dry season yields from residual transfer
experiment (BSP B23, following B19) planted June 16 and harvested

December 14, 
1978 at Jaiba, MG, Brazil, primary (Parang) site.
 

Grain Yield, kg/ha-/
 

36.0 
.0 

w +.85 5061 5361 4692 3748 
Ni 25.9 4 +.40 3869 3730 

18.7 41 "0" 3681 3428 3480 

11.5 W -.40 2487 2220 

2.9 04 -.85 2984 2039 1959 

0)to -1-l 1533 1968 
0 
U Coded N Treatment Level 

-1 -.85 -.40 "o" +.40 +.85 

N kg/ha 

0 14 54 90 126 166 

1/ Adjusted to 15.5% moisture, means of 3 replicates
 

2/ Phosphorus was applied only to the initial transfer experiment.
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ab i.e 9 

"laize, Pioneer hybrid 304C dry seasor yields from residual tr;,nsferxtperiment (BSP B-27, followin,, B-21) planted June 19 and harvestedFloeenber 2, 1978 at Jaiba, MG, Pu1aziT, secondary site 42 (13ah.a) 

-rain Ylield, kg/ha-' 

57.0 Q) +.85 6641. 6734 6429 

43.2 4.40 5876 5898 

30.8 4h "0" 4622 5701 5407 
C1.8.4 J-4-. 40 4832 3691E-4 

4.6 a. -. 85 37 9 2221. 3176 

0 , -1 2819 3141 
0 

Coded N Tre.atment Level 

-i -. 85 -. 4(0 "o" +.40 +. 85 

N k, 11'ha 

0 14 54 90 126 1.66 

Adjusted to 15.5% moisture, means of 3 replicates. 

2/ Phosphorus was applied only to the initial transfer experiment. 
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mean grain yields for these two P-responsive sites. At the Brazil Cearg site there 
was no clear P effect apparent (Table 10). Tables 11, 12 and 13 show nean grain
yields frcai dry season residual transfer trials in Puerto Rico at the Ramal, Cerro 
and Calero sites, respectively. As at the ParanA and Baha sites in Brazil, -max!,
mum yields in Puerto Pico for the dry season residual experinrents were lower than
 
for the initial experiments conducted during the saii_ period. However, only at 
the Puerto Rico Ramal site was thiere evidence of a mild positive response to re
sidual P; and that increase was not ver, consistent across all N levels.
 

None of the Brazil dry season residual t"ials reflected any noticeable N treatrment 
effect on maize grain yields. 
Also, the Cale,:o site in Puerto Rico was non-resjon
sive to applied N. On the other hand, there wac: a 
irked increase in yield with N
 
applications up to the +.4 
N level and possibly the +.85 level at both the Ramal 
and Cerro Puerto Rico sites.
 

3. Results of wet season eperXMnts 

a. Initial transfer experiwnts 

Maize grain yields during the we.t seasons in Brazil (Tables 14, 1.5 and 16) anO
 
Puerto Rico (Tables 17, 18 and 19) were slimilar to the preceding dry pericx yields 
except at the Bahla secondary site inBrazil and the Cerro secondary site in Puerto
 
Rico where, in both cases, dry season yields were much higher. MIean yields for 
+.85 P treatments (across all N levels) during the dry season were 8246 and 7528
 
kg/ha (Tables 3 and 6) 
 for Bahia and Cerro sites, resr.yectively; wet season yielcts 
were 4387 and 6076 kg/ha (Tables 16 and 18), respectively, for the same sites.
 
Table 19 reveals wet season initial transfer exreriwcnt yields on the Puerto Rico 
Calero site to be higher than dry season xmize y.ields, (TabRe 7) cn the same site. 
This yield increase is thought to be caused by a hlainet application of lire one 
month before the wet season experinent was Polanted on I.in*that site. %-as applied
uniformly to new experimnt areas at b-th tre Ca]err. and Rauwn. sites for Lhe ]979 
wet season crop to reduce micro-site varoabili y ard tc' rennve poX:Issible soil 01 
related yield constraints. 

At the Bahla secondary site in Brazil the tt seasoin nitial experi.rvnt sheued only

,weakresponse to P and in Pico
(Table 16) , there was only weak and erratic cr 

no response to P on the three sites, (Tables 17, 18 wn 19). At twothe other 
Brazil sites, ParanS and Coar. , apor]lc i.J resulted in :rrlerate to striwj 'rrain yleld
increases, (Tables 14 15). theand Ibis was first tijx at Ceara that a iwrk(XI 
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Table 10
 

Maize, Pioneer hybrid 304C dry season yields from residual transfer
 
experiment (BSP B-25, following B-20) planted June 17 and harvested
 
""'%Tmber 22, 1978 at Jaiba, MG, Brazil, secondary site #1 (CearA).
 

Grain Yield, kg/ha 
/
 

19.0 . +.85 7683 7321 7139 8809 

14.4 
4J 
C +.40 6807 7655 

Z, 10.2 4 "0" 6477 7037 7410 

6.2 E -.40 6644 7434 

1.6 -.85 6417 7073 7005 

0 0U - L 7659 5871 

Coded N Treatment Level 

-1 -.85 -.40 "O" +.40 +.85 

N kg/ha 

0 14 54 90 126 166 

1/ Adjusted to 15.5% moisture, means of 3 replicates.
 

2/ Phosphorus was applied only to the initial transfer experiment.
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Table 11 

Maize, Pioneer hybrid 304C, dry 
 season yields from residual transfer
 
experiment (BSP PR-34, following PR-27) planted November 17, 
1978 and
 
harvested March 21, 1979 at Isabela, 
Puerto Rico, primary (Ramal) site.
 

Grain Yield, kg/ha1 / 

56.7 +.85 2481 443) 6598 

42.9 4J +.40 3933 5439 

30.6 J "0" 1401 1133 4919 6408 
E-18.3-40 4288 6717 

4.7 a -.85 972 4790 6045 

0 ro 
(V 

-1 813 5152 
U 

Coded N Treatment Level 

-1 -.85 -.40 "0" +.40 +.85 

N, kgi/ha
 

0 14 54 90 
 126 166
 

I/ Adjusted t7o 15.5% moisture, means of 3 replicates. 

2/ Phosphorus was applied only to the initial transfer experiment

while nitrogen was 
applied at the rates indicated to both initial
 
and residual experiments.
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Table 12
 
Maize, Pioneer hybrid 304C, 
 dry season yields
experiment (BSP PR-35, following PR-30) planted November 11,
harvested March 19, 1978 and
 

from residual transfer
 
1979 at Isabela, Puerto Rico, secondary site 
#1


(Cerro).
 

Grain Yield, kg/ha 1/I
 

23.2 W +.85 
 4247 
 5348 
 6662
 
17.6 4J +.40 
 4302 
 6588


cJ 
12.5 
 J "0" 1659 
 2632 
 5766 
 6506
7.6 4-.40 


5603 
 6134
 
2.0 P -.85 
 4424 
 5634 
 7274
 

a)- 1 
 3040 

6351
0 

Coded N Treatment 
Level
 
-1 
 -.85 
 -.40 "0" +.40 
 +.85
 

N, kg/ha
 

0 
 14 54 90 
 126 
 166
 

1/ Adjusted to 15.5% moisture, means of 3 replicates.
 
2/ Phosphorus was 


while 
applied only to the initial. ,+ransfer experiment
nitrogen was 
applied at 
the rates indicated 
to both initial
and residual experiments.
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Table 13 

Maize, Pioneer hybrid 304C, 
 dry season yields from residual transferexperiment (BSP PR-36, following PR-33) FA1.),ted 
November 21,
harvested March 27, 1979 1978 andat Isabela, Puortr, Rico, secondary site #2
(Calero,.
 

Grain Yield, kq/ha!/ 
42.5 > +.8542. 1735 1155 


32.2 4 +.40 2139 1959
 
23.0 r "0" 1264 1152 2557 1732
 

13.8 -.40 
 2113 
 2016
 

3.5 -.85 
 1244 
 2754 
 2607
 

2074
,a 2008
 
0 

Coded N Treatment Level 

-1 -. 85 --. 40 "0" +.40 +.85 

N, kg/ha
 

0 14 54 90 
 126 166
 

1/ Adjusted to 15.5% moisture, means of 3 ri'picates. 

- Phosphorus was applied only to Ihe initj a I. transfer experimentwhile nitrojen was applied at 'Jhe rat'.!s tndicated to both initial
and residual experimient;. 



Table 14 

Maize, Pioneer hybrid JC4C wet,
experiment (BSP B-36) p1arted 
at Jaiba, MG, Brazil, p r-m-in:ry 

53.3 +.85 

40.3 Q). +. 40 

28.8 4J c 1 1"O" 5122 
4J 

17.3 -. 40 

.	 4. 3 E- -.85 

0 a - 1 633 
C) 
0
U 

-1 


0 


1/ 	Adjusted to 15.5% moisture, 
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season yields from initial transfer 
Januai. tI 	 aInd h rves ted, June 16, 1979 
(-P;r i) :;:, f . 

Grdi:, Yield, kq/hal/ 

6302 
 6283 
 6815
 

6353 6266
 

4653 5508 	
1 

5 5 85 5812 

4454 4106
 

1665 
 1962 
 2683
 

810
 

Coded N Treatmeit Level. 

-. 85 -.	 40 "0 +. 40 +.85 

N kq/ha 

14 54 
 90 	 126 166
 

means of 3 replicates.
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Table 15 

Maize, Pioneer hybrid 304C wet season yields from initial transfer
experiment (BSP B-38) planted January 12 and harvested June 12,
1979 at Jalba, MG, Brazil, secondary site 01 (CearA).
 

Grain-lield, -kg/ha3/ 

26.6 >0 +.85 7607 0239 
20.2 = +.40 6655 7410 

14.4 #0 7753 6725 7594 6657 

8.6 w -.40 5838 6502 
2.2 o - 85 5318 5338 4131 

0 a - 1 4062 4544 

Coded N Troatrent I~ovol 

-1 -.85 
 -.40 "0" +.40 +.35
 

N kg/ha
 

0 14 :4 90 
 126 166
 

.j/ Adjunted to 15.51 moisture, rr,.ans of 3 roplicatos.
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53.3 

Table 16 

Maize, Pioneer hybrid 30,W wet c'.i:-or yie du. from initial transferexperiment (HSP B-40) planted Janhlary 10 and harvested June 12,1979 at Jai3ba, m1G, Hrazi ", .JarySite 2 (Baha) 

Q) 

85 44,6 3620 5094 

40.3 40 4795 4811
 

S28.8 , "0" '46 
 2569 
 5586 5095
 

17. 3 - - .40 2831 4264 
4.., "a -. 85 2378l 3200 3931 

0 ' - 1 1510 435/ 

CodI N, 1 e; t hIt [,eve] 

- 1 -. 85 40 "0" ±.40 +.85 

0 14 [4 90 126 166 

1/ Adjusted to 15.5o mois tur , canb of 3 replicates. 
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Table 17
 

Maize, variety X304C, wet season yields from initial transfer experiment

(BSP PR-45) planted May 18 and harvested September 7, 1979 at Isabela,
 
Puerto Rico, primary site (Ramal).
 

Grain Yield, kg/ha
I/
 

,-4 

83.1 W +.85 6023 6995 6407
 

62.8 +.40 7032 7458

c 44.8 "0" 6143 571.9 73682- 6637 

t 26 9 E .40 61.21 7123 

" 6.8 -.85 5252 6633 7101 

0 
- 1 5549 6292 

Coded N Treatment Tevel
 

-1 -.85 
 -.40 "0" +.40 +.85
 

N, kg/na 

0 14 54 90 126 166
 

.1/ Adjusted to 15.5% moisture, means of 3 replicates.
 

/ These data, 7368 and 7458, repr";ent. meins of only 2 replicates
(I and 1I). 
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Table 18 

Maize, variety X304C, wet season yields from initial transfer experime
(BSP 	 PR-44) planted May I7 and harvusted SeptemIer 6, 1979 at Isabela, 
Puerto Rico, secondary site 11. (Curl'U). 

Grain Yield, kg/ha-!/ 

41.9 o +.85 6020 5763 	 6444
 

32.4 +.40 7233 7878
 

S22.6 "01 5290 5551 5974 6552
 

2 13.7 -.4C 6601 6948 

P 3.3 P -. 85 6124 6190 6634 

0-	 1 4218 6683
 
0
 

Coded N Treatment Level 

-1 -. 85 -. 40 "0" +. 40 +.85 

N, kq/ha 

0 1.4 54 90 126 166
 

I/ Adjusted to 15.5% moisture, meanss of 3 replicates. 
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Table 19
 

Maize, variety X304C, 
 wet season yields from iniLial transfer experirC' >..(BSP PR-48) planted May 30 and harvested September 10, 1979 at .sabel,:.,
Puerto Rico, secondary site #2 (Calero) 

Grain Yiald, gh/ 

39.8 +.85 4852 
 :758 

-p


30.0 Z +.40 5088 4428
 
-Q) 

21.4 "0" 4906 5027 
 4981 4972
 
- QJ 

12.9 --.40 4390 4942 
3.3 -.85 3620 43.0 5243 

0 - 1 4252 4995
 
0 

Coded N Treatment Level 

- 1 -.83 -. 40 "O" +.40 +.85 

N kq /h a 

0 14 
 54 90 126 166
 

I/ Adjusted to 15.5% moisture, means of 3 replicates. 
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treatment effect was demonstrated; there is apparently an already relatively high

soil fertility status over most of that site area. 
Yields have been fairly uni
form and high for most experiments at Cearg.
 

There- was apparently a mild' positivfe yiild "re-spon'se"to-N' "at-the-Cerro site in 
Puerto Rico and possibly also at the Parani site in Brazil dur.g their respective
 
wet seasons. 
All other sites in Brazil and Puerto Rico were, at best, only slightly 
and erraticly responsive to N treatments. 

b. Residual transfer experiments
 

Wet season residual transfer experiment yields inBrazil were low in 1979, possibly
 
inpart because of late planting that year. Mean +.85 P treatment maize grain
yields were 2544, 4207 and 5362 kg/ha for ParanM, Cearf and Bahia sites respectively

(Tables 20, 21 and 22); mean dry season yields for the same treatments in 1978 were
 
4905, 7738 and 6632 kg/ha, respectively, for the same three Brazil sites (Tables S,
 
9 and 10). Conversely, Puerto Rico 1979 wet season residual experiment yields wra
 
higher than 1978-79 dry season residual trial yields; +.85 N treatment means across
 
all P levels were 7445, 8205, 8223 and 4676 kg/ha for Ramal, Cerro (2experiments,
 
first and second cycle residual) and Calero, respectively, during the wet season
 
(Tables 23, 24, 25 and 26) vs. 6350, 6814 and 21S4, respectively, for the same
 
sites during the preceding 1978-79 dry season (Tables 11, 12 and 1.3).
 

With wet season residual experkaents there was only mild to moderate response shcwn
 
to residual P and that was at only two sites, Parang and Bahia, in Brazil and the
 
Cerro site in Puerto Rico. Experiments at all other sites reflected no or erratic
 
previous P treatment effects.
 

Nitrogen treatments produced sharp yield increases inwet season residual trials
 
at Ramal and Cerro sites inPuerto Rico. 
At Calero, however, the N treatvient ef
fect was mild and at all three sites in Brazil itwas nil.
 

. Results of Statistical A lses*
 

I. General
 

Vuring the report period major c!Tpphsls was placed on the statistical analysis of 
the results of all. transfer ex4e'thrnto rolative to the project hypxthsis. Thtsv 
rt. d.ies were conducted by Dr. L.A. Ne1 on of the Fr.ipararnt or StAtistics, North 
Carolina State University (NCS.) unc16 4 H&,:OtInract frcm the UPR-PSP. 

;'Th, 'section is based largoly on a roicrt| by Dr, L. A. Neson, nttistica1
consultant to the UPR-BSp, 
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Table 20 

Maize, Pioneer hybrid 304C wet. season yields from residulI transferexperiment (BSP B-37, fol'owI n -22) planted January 16 andharvested July 10, 1979 at Jaiba, MG, Ka:-. l, primary (Paran6) site. 

Graini Yield, kcq/ha1

26.6 +.85 2550 2758 2325 

20.2 +.40 2273 3161 

L< 14.4 w "0" 2148 1705 1126 1499 

8.6 -.40 1341 1234 

2.2 E -. 85 595 733 1071 
ea 

0 - 1 583 562 

Coded N I'-eatment Level 

-1 -. 85 - .40 '0" +.40 +.85 

N kc;/ha 

0 1.4 54 90 126 166
 

AJ Adjusted to 15.5 moistu.e, means of 3 replicates.
2/ Phosphorus was appliedon 1 o the nitial transfer experiment; 

N was app I Ped to both, ini tIc a nd rc.siao. 1., tri as. 
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Table 21 

Maize, Pioneer hybrid 304C wet season yJields from residual transferexperiment (BSP B-39, followinc; B-24) planted Januar' 15 andharvested July 6, 1979 at Jaih,, MG, Brazil, secondary site #1 
(Ceara'). 

Grain Yield, kg/ha ! 

7.6 '-

44 
+.85 4232 3903 4727 

5.8 +.40 4281 4420 
.: 4.1 #"" 4856 4735 4780 3032 

. 2.5 E- - 40 2922 4207 

0.6 a -.85 4737 4434 4908 

0 o 
U 

- 1 4833 3817 

Coded N Treatmerit Level 

- 1 -. 85 -. 40 "o" +.40 +.85 

N kg/ha 

0 14 ;4 90 126 166 

1/ Adjusted to 15.5% moisture, means oi 3 replicates. 

2/ Phosphorus was applied only to the initial transfor experiment;
N was applied to both, init,.a] and residual, trials. 
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Tabe 

Maize, Pioneer hybrid wet304C se3ascn vields frncm reidual tranns erexperiment (BSP B-41, followinq B-26) planted January 12 andharvest,?d July 6, 1979 at jaiba, MG, 13raz , :;wconJ ary i If #2
 
(Bahla)
 

Grain 	 Yield, kq/ha--I/ 

53.3 - +.85 5705 	 5498 4883 
40. 	 4C".-) -3 

D40.3+.40 4370 3426 
28.8 r "O" 4856 4157 4418 	 2863 

17.3 --.40 
 2937 
 3138
 

4.3 , -.85 	 2847 2211 
 2511
 

0 -1 1369 2500 

Coded 	 N Treatment Level 

- 1 -. 85 -. 40 lo" +.40 +.85 

N kg,/ha 

0 14 54 
 90 126 166
 

]/ Adjusted to 15.5% moisture, means of 3 replicates. 

2, Phosphortus was app] ied on 1,, 1 o the i nit ia f,rans for experiment;
III was 	 appl i .?d to both , i.ni taj aIi arid res i dual , trials. 
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Table 23
 

Maize, variety X304C, 
 wet season yie.DI fIrtm residual -:ansfer
experiment (BSP PR-43 followinq PR-37) planted May 3 and hdrvestedAugust 29, 1979 at Isabela, Puerto ic, primary ste (Ilamal. 

Grain Yield, kg/ha/ 
a) 

43.3 +.85 2254
.J 6365 
 7026
 

32.8 i +.40 4540 6733
 
23.4 1 2287 1894
"0" 6218 
 7626
 

14.0 a, -.40 5057 
 7486
 

3.5 W -.85 
 2011 6838 
 7683
 

0 0 
1 2099 
 6376
 

Coded N treatment Level 

1 -.85 -.40 "" 
 +.40 +.85
 

N, kg/ha 

0 14 54 
 90 126 


1/ Adjusted to 15.5% moisture, mean, ; of 3 replicates. 

2/ Phosphorus war applfed nriI y Lo thc, initial transfer experiment
while nitront.-n ,; iroj thr, rates,t- thiv::! indicat'ed to0 both initial. 
and residual ,xr, . inwm t 

166 
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Table 24 

Maize, variety X304C, wet season yields from residual transfer experiment
(BSP PR-41 following PR,-38) planted May 2 and harvested August 27, 
1979
at 
Isabela, Puerto Rico, secondary site #1 (Cerro).
 

1/
 
Grain Yield, kg/ha

32.5 ' +.85 5664 7129 8519
 

24.6 
24. 

+.40 4434 6892 

17.6 0 2602 3849 7498 8426 
0110.5 

S".40 
(1598 7763 

g 2.6 
0 

- 85 4660 6662 77 

0 -1 2805 6958 
0 

Coded N Treatment Level
 

-.85 -.40 
 "0" +.40 .85 

N, kq/ha 

0 14 54 90 126 166
 

l/ Adjusted to 15.5% moisture, meaiis of 3 replicates. 
2/ Phosphorus was applied only to the Initial 
trcinsfor experiment
while nitrogen was applied at the rates Indicated to both 
tnLtialand residual experiments.
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Table 25 

Maize, variety X304C, wet season yields from 2nd residual transfer
experiment (BSP PR-42 following PR-30 and PR-35) planted May 2 and
harvested August 27, 
1979 at 
Isabela, Puerto Rico, secondary site

#1 (Cerro).
 

-Grain Yield,-kg/ha- . 

23.2 

4J 

+.85 2898 6379 7115 
17.6 WJ+.40 4036 7718 
12.5 "o" 902 1823 4479 9321 
7.6 -.40 5086 7233 
2.0 '0 - 85 3173 6160 8232 
0 . 1678 44-9 

Coded N Treatment Level
 

-I -.85 -.40 
 "0" +.40 +.85
 

N kg/ha
 
0 14 54 
 90 126 


1_ 
 Adjusted to 15.5% moisture, means of 3 replicates.
 

/ Phosphorus was applied only to thc 
 initial. transfer experiment
while nitrogen was applied at 
the rates Indicated to both Initial
and residual experiments.
 

1.66 



Table 26 

Maize, variety X304C, wet season yields from residual transfer
experiment (BSP PR-46 following PR-39) planted May 25 and harvested

September 11, 1979 at 
Isabela, Puerto Rico, secondary site # 2
 
(Calero).
 

Grain Yield, kg/ha-! 

32.5 > +.85 3872 4015 4848 

24.6 4 +.40 4372 4955 

.: 17.6 e 2708 3952 3703 4524 
10.5 0) -.40 4647 4360 

2.6 " -.85 3302 4824 4657
 

0- 1 3469 
 5038
 
O
 
0 

Coded N Treatment Level
 

-1 -.85 
 -.40 "0" +.40 +.85 

N, kg/ha
 

0 14 54 90 
 126 166
 

M1 Adjusted to 15.5% moisture, means of 3 replicates.
 

A/ Phosphorus was applied only to the initia). transfer experiment
while nitrogen was applied at 
the rates indicated to both initial
 
and residual experiments.
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Before starting the actual test of transferabil]ty, a cons!derble,amount of data

analyses was performr] with the objc'ctive to deterirtne the degree of variability
of the data, means, relationships antnq variables, and other piramte. ;. Alsc,
the computer program developed with support frn the UPR-SP at the Unive'vs-ty to 
run the models which test the P-statlt x as-put-in oaration. at. NCS1U .after-scie
initial difficulties were overcome. 

The results of 24 maize transfer exporije.nts, 14 from Purtx, Piao and 10 fran Bra
zil, were used. Treatriwnt npins, P min effct n*.ans, INimin effect means, and
Country x Season nans are reporte( in Tables 27a, 27b, 27c, anci 27d, re--pectIvei,,. 
Second order response surfacesi wero fitted to the data from the 13 treatrents for
each of the 24 expeimeras. The means rmecd fran 1952 tto) 83AO kq/ha. The o-
efficients of variation ranged 
 fron 5.63 to 42.18 per cant.
 
In general, the P linear was 
 significant for all Prazi l experinmlits. T.el qua
dratic term (denoting curvature of responso) waql v'ignI ficant in only 3 of the

Brazil trials. There was much 
 loss tendency to obtain P res onse In Puerto Rfx -
this occurred only in two experiments. In bAUi of these dry setson experilivnts,
PR-20 and PR-21, the response was not curvilinear but rathler ULnear. 
Nitrogen response occurred in 10 cut of the 14 trinsfor trial&in Iuerto Rico.
In four of these cases, the response to N was crvilJnc'ar in the other 6 it ',!'

linear. This N response occurred 
 ;oth i, dry season arid wt season rrIvnts.
Significant interaction between P and N cwcurred only in 2 trials, PR-21 find Pit-27,Significant N response oocurrtxd in only two I.n firazf t xl thmn Y)th

had significance only at the 
5 rw,,- ont 1iv1l. LW OtU-TIO re d'Iai tMi:,,-U K 

for experiments and wvre cx~rlduct& dkx-ni, the d'-y 
noason Thor( were vjnirifi
cant r.coractions bet3Y_-n V and N 1,1 any e4 the 10 Prazi I ep.r, . 
The R2 values for the quvratic mrxlvi fittirn in th 2 vai ,he riI( fir Ito .98 (Brazil and Puerto Rico locatit ns) .1I gnera1, Lh 'itt, tend.i!ro |v°d#*

to fit slightly better 
 in the o.rc (£f th,, ;'tiZ i Xcit tor- .1v juclod bY cwri 2 
valuo. 

f'or further statl itica analyses l g t, the tt't .f tra-n'tor-, t 
hkivinq a coefficient of variation f r,- . r r 'nt 'r ea1 jriiiat;c (,ioho, 
were exWrir", PR.-33,en 11-23, 36.4,P? , 1,.. th0'pIp1 V,4 I,, t ifttbility creatod rvcnm tfii htqhly Ij , h 2 i i,. ftir 4ilyt
MzUld make the test, of truatfcr vrxry !fftfl(- it Lo Xt' t or" 1W ir*jirtlril ban:l., 
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Table 27d. Country by season maize yield means
 

Coutr. 
 Hean
 

Puerto Rico 52685300 5279 

Brazil I4648 581$ 5391
 

Mean 5010 
 5507 
 5328
 

tyields of maize expressed in kg/h&.
 

Table 28. Combined analysis of variance for the tan sites used .rth c-'rI.

analysia over sites including transfer studieo FMdel E)
 

Source 
 d.f. 
 SS
 

Site 
 9 !04,09-,-'1 66 ,P23,280.1i
 

Reps in Site 22 &4,661,558.?6 2,0:1C,979.93
 

Treatment 
 12 249,.'19,445,5O 2,080,995.30.
 

T x S 
 108 212,416,446.7-t 
 233,7182 .*'"
 

Error 
 264 t,4.9d,70,1 
 62, .6 10
 

Note: The above analysis ,1as run on an aily sof variiic. ?r'rnn 
than a linear models progrom. Thn fact fhat 3 Brazil. OJrer, 1%d 4 .upt . 
than 3 could cause some non-orthogonal.4t7 betwoen sotr of tte ,aot soso' 

variation in tho analysis of variance. 

http:2,080,995.30
http:2,0:1C,979.93
http:P23,280.1i
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Also, the trials designated as transfer residua
analyses were eliminate from the combineddue to the fact that data were not yet availablenutrient in the soil precisely to quantify the amount offor these transfer experimets. There were 8 of these
 
residual transfer experimnts, 5 of which had already b
...
c°effcen of variation.. Six other sites wore 

eliminatd u o hich.
eliminated in some runs Lbecausedata were missing for certain relevant site variables.
A ccmbined analysis of variance for the 10 experinnts which were kept in the com

bined analyses for transfer is shown inTable 28. 
 There was a 
siqnificant inter
action between experiments and treatments which probably isdue to response to Ponly inBrazil and N only inPuerto Rico.
In attempting to xmbine data over experiments therewhich one could use. areFor exanle, a number of approachesone could use pairs of sites which were similar
with respect to Properties which might affect yield response. 
Choosing nearly

exact pairs in this manner would be "stacking the deck" so to speak because in

practice one could not be assured that a well £tudied site in one country could be
omatched, well in the other, country which has 
not been stlidied
seem better to try to develop a as well. It wouldgeneral response model which would include not only
 
controlled variables, P and N but also the uncontrlled variables which would seem 
to have caused among experiment variation. 
Since we know that the response was not
 
uniform among experinents (e.g. Som.sites nad linear response to P only, 
 scr* qua
dratic response to P, sme responded only to N, etc.) we are putting faith in the

general second order model to adapt itself to a
Interaction terms of the type uncontrolled 

wide variety of response situations. x contro].led variables ip In providinqthis adaptabiity.
 

2. 
 ilof Caribn
Our desire was to fit a 
genera] sec"d order re.sTonse model to all. xperlnts of 
Puerto Rico and Brazil carbined to n,'.o if sucoh a gieera trxle] 
was flexible enouh 
to fit a variety of response surface shapes and to help sort out those varicibleawhich are responsible, for mronq site varjtion.
 

Data were available on the followinq variAhle. 
I.w~age:qly P*,rL ,..'pit,*t,,n (rav) 

2. Average Max Daily' TfrauIX 
3. Average. Min ]),iflyTcoo..rature 
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4. Average Daily Solar Radiation (Langley s) 

5. Soil P (PPM) 

6. Days to 50% tasseling (TAS) 

7. Days.to..Physiological Maturity, 

8. Pest Ratings 

9. %of Harvest Plants Lodged
 
Very high correlation existed between 
 the following variables: 

Days to 50% tasseling & tcTerature
Days to 50% tasseling & days to physiological maturityDays to 50% tasseling &pest ratings
Teverature & pest ratings
Taperature &average daily solar radiationTemperature &days to physiological maturity 

These Potential predictrs Were included in a nurber of models which crbined datafrom all available experiments for which ccmplete data were available. There werealso attempjts made to oomfbine data for the two levels of season separately, for thetwo countries separately and for the four classes of country x season also separately. 
The results of these comubined regressions are reported in Table 29.2 In this table,R values for various models (Including different coubinations of site variables)

are reported. 
 The nurber of sites varied from cell to cell because certain experiments would drop out if information on one of the variables included in the model were missing for those experiments. It is revealed in Table 29 that the fit forthe model which predicted for all sites combined over Brazil and Puerto Rico was
approximately equivalent to separate fits for the =obined not of Brazil and theorbined set of Puerto Rico sits. It was enoUraging that theme was not a segre
gation of sites along country lines as far as the R2 for the general model was 
concerned. 
After about 10-15 regression runs it was nbvious that only the folloIng site
variables would contribute aignificantly to the among experimant variability and 
thus to the overall egression: 

'PM Owsphorus 

Solar radiation 
Day" to s0% tasseling 
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Table 29. R2 values for regression runs using different models both by Season,
 

Country, Country x Season, and Overall 

Model Season Country Country <eason 
No. 
ofSites 

A 

B 

C 

D 

wet 

.30 

(6) 

.54 

(5) 

.23 

(6) 

.24 

(6) 

.78 

dr 

.49 

(6) 

.61 

(6) 

.48 

(6) 

.49 

(6) 

.70 

P 

.69 

(b) 

.53 

(5) 

.60 

(6) 

.67 

(6) 

.61 

B 

.39 

(6) 

.73 

(6) 

.36 

(6) 

.38 

(6) 

.99 

PR, wet 

.70 

<3) 

.33 

(3) 

.61 

(3) 

.65 

(3) 

PR, dr ! 

.94 

(2) 

.94 

(2) 

.91 

(2) 

.92 

(2) 

B, wet 

.72 

(3) 

.96 

(2) 

.46 

(3) 

.48 

(3) 

B,_dry 

.75 

(4) 

.84 

(4) 

.67 

(4) 

.75 

(4) 

12 

11 

12 

12 

(4) (6) (4) (6) 10 

E (all 10 sites) 

F (all i0 sitf:,) 

3!, 

i)2 

Note: 

Not: 

number:; in parentheses 
nwimbers of its 

it., e p v 

refer to 

J 

1 

(all 

(a 11 

10)aitos) .62 

10 I tes .60 
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Definition of models given in Table 29: 

Model A - N2P N P2 PN PPM TEMI p x PPM N x PPM P x TEMP
 

N xTEMP PPM x TEDP;
 

N2
B P N 	 p2 PN SRAD PPM TAS;
 

P2
C - P N N2 PN PPM TEMP PPM x TEMP;
 

D - P N 	 P2 N2 PN PPM TEMP, TEMP x P TEMP x N TEMP x PPM;
 

E ,,P 
 N 2 N2 PN PPM SRAD 
 TAS PPM xP PPM x N SRAD xP
 

SRAD x N TAS xP TAS x N;
 

P2 N2
F a P N 	 PN PPM SRAD TAS PPM xP 
 PPM xN SRAD xP
 

SRAD x N TAS xP 
 TAS Y N SEASON; 

N2
G - P N 	 p2 NP PPM SRAD 
 TAS P Y PPH N x PPM P x SRAD 

N x SRAD Px TAS Nx TAS SEASON P x SEASON Nx SEASON; 

H a P N p 2 NP PPM SRAD TAS P x PPX N x PPM P xSRAD 

N xSRAD P xTAS N x TAS SEASON 1 SL kSOON ' COUNTRY N x SEASON x 

COUNTRY; 

I - P N 	 P :4 NP Ppm S;A) TAS P x PPM N XPPM P x SRAD 
N XSRAI P x TAS N x TA5 ASON P x 3ASOLW x COUNTRY N x SEASON x 

COUNTRY; 

I2 
J P N 	 P' N NP PPM SRAP TAS ei rr N x PPm P x SRAD 

Nx SRAZ P - lAS N z TAS SEASOF'01UNTPY 
 SPiASON ' COUNTRY: 
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The temperature variables showed very little promise in explaining among site varia
tion--solar radiation was much better. 
The fibal set of 10 trials for which model E (and subsequent variants of F, G, H, I,
J) fit reasonably well were as follows. 

13-9
 

B-20 

B-21 

B-22 

B-24 

B-26 

PR-20 

PR-21 

PR-27 

PR-30 
The regression equation (Mbdel J) had the following significant terns: 

P linear 
N linear 

,PM phoerhorus 
Days to 50 tasseling 
Solar Radiation 
P linear x Days to 50t tasseling 
N linear x Solar Radiation 
Season 

Country 
Tho fact that season and oountry appeaed in this list can be attrMuted to the factthat the dry Mom yields in Brazil vx're 4i ghs shown in Table 27d. This created 
a strong easonal Offect and wea-a country e4~c*. 

, se of.tcxdy-ood r-st~ti, ,xroach 
In the proJect the P-statistLc is usA AA Uw taI3Infer lypothests test statistic.
Il Predlct"on statlstIc It the ratio of the Pnohvt trxnfer rosidual su ofsquAre tO thd olad orrdLnary rmjsidkl 111v of # ,';u' (WIxOd and Chd,, 1979). 
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The fitting of the models described above was inpreparation for fitting the Cady-

Wood model. 
In other words we wanted to know what variables should be used in
 
fitting the Cady-Wood model. Ile have started with Model E of Table 29 and added a
 
Season term to it. This made 15 independent variables. The result was that for
 
some observations there were large differences betwesen observed and predicted
values (in some cases, the difference beteen obse and predicted was on the 
order of 100 per cent). One cannot hope to have a low value of the P-statistic
 
under such circumstances. 
There are two approaches which can be taken now. 
One 
is to search for a more appropriate general model which although itmay differ in 
content fran that which was conidered "best" in the model exploration phase it
 
may produce laer deviations of observed from predicted. This will be called
 
"General Model Refinement."
 

A second approach is 
to divide the data into groups on the basis of response pat
terns and to try to develop prediction models which perform well inexplaining

variation within the individual groups. 
Studies which focus upon what variables
 
cause the groups to differ in their response patterns will also be ccarried out.
 

4. Grouping of Eperiments AccordInM to Response Pattern 

The motivation for constructinc groups according to response pattern came frcm
 
Table 30 which we constructed fran results of significance tests. Table 30 shows
 
that the averaqe maize yields for P-response-only and N-response only experiments

isnearly the same but trials which responded to both nutrients had a much higher
 
group mean yield. 
This group which responded to both nutrients included both 
Brazil and Puerto Rico experiments. One residual trial (B-23) having an average
of only 3360 uas eliminated frcm the averaqe bx c hadu, it a high coefficient of 
variation (as did a numbxr of other residual trvisfer experiments). 
The group mean maize yield fortx aJralresxptninq to neither N nor P wan lower than 
that for the responders, especially if ont, in~cludes experiimnts PR-36 and PR-39 In 
the average. In this group one cotdd hiq/e etiftr hiqh yields denotinq a sito which 
did not need any more fertilizer U'(I-38) or lc' yields IndcJ<Atinq that scm. other 
factor (fertility or other) In controlling the yield rotential andl keepin yields
low (PR-19). The average dlffarencv betvvn the, larqest 11 nan mid the -. 85 P 
mean was 3647 kg/ia for tlh P-only re sfsns, mr4i) ind 412 kg/la for the N-only 
response group. 
The averaqo dl ffetencm b),t en the i uvest tj man and tJW -. 85 N 
moan was 2546 kqha for the n-only rr ,i,no pc id 196 kq/ia for tw r-only 
response qrop. 
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Table 30. 
Generni :4eans REported by Response Pattern Groupt
 

Sites -JsncndtntoP On 
 Sites Responding to Both N and P
 
General Mean 
 General Mean
 

B-19 
 3955 
 PR-20 
 6415
----20 59%' t t PR-21B-21 8330
4031 RT 360

B-9M
-5- 0 HT B-25 
 7171
B-e2 4992
 

B-24 7, . .
 
-6 7 _ Al Avg. 6319 

....
mT -- ai_. 
 Avg. uncircled 7303
 

Avg. 
Avg. uncirclrn 387
 

Site- I Sites Responding to Neither N nor P
 
GTae-!'a-ean 


General Mean
 
A.,- o 70 
 PR . .4783
H-27 
 RT PR-36
PA-30 
 7290 
 Pfl.38
RT P!,R-3l 48q 

=7 

1574 

Avg. 
 4362PR-37 
 5119 
 Avg. unci.-cled 
 6131
 

Avg. 5?.
 
Avg. xcir.>:
 

:o1'clo 
 "it 1r*.1,,%""ffi onta of variation t 20.
 
u ReciduaJ tran.r
 

+ Thiee yieldt .'p:);rt,%, . ih;, i
"'Then€ s1te*,-! -'J-- -! -.7nPimteriction.
 



Ifan analysis of variance is conducted for the P-response only group and the 
N-response only group, one finds that there is a significant P x Fxeriment inter
action for the first group and a significant N x Experiment interaction for the 
second group. These interactions imply that within a group there is some inter
action between yield response to a The
given nutrient and the site variables. 

experiment to experiment variation within a group is almost of the smw magnitude 
as the treatment to treatment variation and these are for the responders i.e
 
sites which show considerable response to one fertilizer nutrient.
 

Our goal will be to study the factors which explain among experiment variation
 
within a group and to see if these are the sane variables which explain among 
group variation. If the among experirmnt variation is of the same magnitude as
 
the among group variation and isdue to the same factors then we will focus all of
 
our attention on the general model for our txansferability tests. If the models
 
are different for different groups and also between the within group and the aong
 
group variation, then the transferability tests will need to be conducted for indi
vidual groups separately.
 

5. Ap rriate Mels for Individutl Groupa
 

Ifone lists all P-main effect means for the Brazil sites In the P-only response
 
group and then averages them over experiments in the group (Table 31) it is found
 
that a quadratic response pattern is obtained. 
There isa tendency for yields
 
to be screwhat higher for the +.85 level of P than for the +.40 but not enough so
 
to suggest that a
higher ordered polycmial isappropriate (e.g., a cubic model).
 
In like rannAr, Itone lists all N- main offct means for the Puerto Rico sites
 
In the N-only response group and then averaqes them cver experlments in the group

(Table 31) again a
curve can be drawn throuqh the points which would w.u.et a
 
quadratic risponso pattern. 
Main, th .85 U yield was svcmiat higher than the 
+.40 N yield which might bozrdr on the suqoston of a cubic womatlon but one can 
only speculate what the yield would Iv if higer ievwlmi of t were used. 
Th4 shapes of the curves drmn from the N and P rmin offect twans for the group 
of expariznts which showe* response+to both N and P wero very similar to those 
of the response curves mxgested by tM m'ans of 1'ale 3]. There is an upswino 
in the curv % at the highest level ot thn partictl.ar nutriont eing graphed
(i.e., +.85). Again the quadraticr ujxm_ srfao would proably provide a 
citr (it for teii group in apito of the f£it that there is ovinc that the 
maxtim yield haA not yWt kee readyxi. 

http:partictl.ar
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'able 31. NutriEnt Nan Edfrct Mlans I1eported by Response Pattern Groupt 

Meant± 
(8 sites) 

Si ,"tcI3 il_9 t rOnl (Coretain Brazil Sites) 

Coded P level 

....40 .0 .40 .8 

3818 4910 ,A301 62T3 682h 

(8 siter ) 

-.85 

37: 5 

_..,.Ay (Certai iuerto Rico 

coc3'd H level 

- 0 .4o .8, 

1 3 5797 6222 

Sites) 

fe*nA 

!Noto: 

are 

Site 

'or:rtI f in number." of replications per site. 
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a. The quadratic model generally gave a reasonably high R2 for fit for individual
experiments but there were usually a nurber of terms which were not significant.An interaction bet,,en N and P ,ccuired in only two experiments. There weroother experiments which were strictly p responders and others which were

.strictlyNresponders.Afrc4sites re edgt neither. Quadratic terms were not consistently signdficant even In the sites responding to a 
particular
nutrient. Part of this may hNve bc4n due to the fact that there was an upswingin the curvs at th tichvst rate for both N and P which meant that the datacurve was shaped like thin: and a straight line would fit better than 
a curvo having Only one be6 '4 in it / . 

b. The Brazil sites all responded significantly to P. Only two of them responded
to N. There was no interaction between P 
and N in any of the 10 Brazil experi
ments.
 

c. Blocking appeared to br, effective in a ntinvtr of experiments. 
d. The ccmbined analysis of variance for 10 expeo:iments which had complete data on all site variables consider] Lportant In the transfer analyses showed

significant Location, Treativnt, -m'r1 'TIreatmit x Location effects. 
e. Preliminary v-ork on fitting a Qinera.Cdy--Wod transfer model showed rathersizeable difforences bcLn n scem J.erved and predicted observations.

will continua with this approch uvLcr 
Work 

a -10neral model over the 10 experiments
in hopes that .nodelrefinem'nt will Iq1rc-, tho prxilctions. 

f. At the same tir", another or:osch f .nlvim .tourrincu, of experiments willbe carric- out. Ittewyts wil I .
;Tkde to fit vodels and transfer functions
within the tollowii, qr.A-(rly 
 s-ce; N-only W.,sponsej Both N mdP Response. There t,alto 
 , ,nru cilld Noither N4 nor P Pespmnse. Theidea Is to ns If . cr'ju"l-civ f dvc- dIffeinrt croups
If a generaol nvdtV i 

or 
1 l .'1i " t, fit all ruftcsairtltnoly. Thelatter in prof.,r.--] Pc.I 0 .L1n2 j.trit vf ?Icw I It provides

many moro degrei-o' -f f r ' fc ,#vrmrtn rnr: this N'Mroiv the genoral 

. Some r.v...of t dntot :Ir for hil P end N level, within
nites Sov.rs in cr 'r, '4, t thlnit, Mo K-4 i at&oabo N re so
an)~ Brazil had a airvhl,, P e- ' "IT" !:ket t df Cfci grs havem4 
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existed at the sites prior to application so site estimates of the levels 
Originally present wuld be quite helpful in predicting nites where response 
would take place. 

h. Considerably more modelling work needs to be carried out before any conclu
sicns can be drawn about the transferability of technology. 

C,-Tentative Conclusions 

As discussed above, the results of the regression analyses for the Puerto Rico
and Brazil experiments revealed that the fit for tbe prediction model was about
the sae for the Puerto Rico and Brazil experlxmnts cuntined as it was for these
sites Individually. There was no segregation alonc, country lines which is en
couraging. But there were 
still sizeablo diffences between observed and pre
dicted yields when the P-statistic model developed by Wood and Caody was used.
The theory is thL, wo can use site variables as Interaction terms to explain why
the response surfaces do not have the uam shape or orientation. Nowkver, the

sites variables, 
 as presently used in the statistical models, fail to satisfac
torily explain the differences ang the means 
 for the various sites. This Indi
cates that considerably more modelling work Is needed to bywove the predictions.
Thus, on the basis of the statistical work conducted to date, there is, at this

point, no strong evidence either for or 
against the transfer hypothesis. The
statistical research nevertheless indicates 
 that thero Is reason to be cautiously
optimistic that the transfer hypothesis wtll be mubtantiated within practical 
limits. 

Table 32 sho the mean maize grain yield for atltU1blc' initial and residual 
transfer experiments from Puerto RJ c, ad Brazil b seascws. The data Indicate
considerable variability as regards mrIzo porforvve at the sites of co coun
try, among the sites of the two countrio, W durinc the wt and dry growna.
seasons. The fact that no clear and cxuutatent trenda aro rOadily obvious,
alludes to the omploxity of 11v finid resultA arA t r difficulty enomtrod 
in analyzing theso data*. 



Table 32. Mean maize grain yields (kg/ha) for the +.85P/+.85N treatments ofinitial and residual transfer experimeits from Puerto Rico andBrazil by seasons. 
Site/Expernmt 


Puerto.. 1lcoOR_.... Brazil
- ..... 
 6 . " 'Wet
 
prDmrysite
Init -'7 829 5979 7555 6072 
Residual 
 659L 
 6927 4507 
 2325
 

secondary St
 
7546 7175 
 595 7381 

Residual 
 6652 7017 8809 
 4727
 
it -3077 
 3304 8453 
 5114
 

Residual 
 2214 4848 
 6725 4883
 

Scrm of the variability in yields can be 'IlaJned by differences in soil properties. 
The high ylolds of the rejidu:41 experiwats at the secondary site 2
in Brazil (Cear5), 
 for eX TIo, can most lIMely be attributed to the inherentlyhigh fertility of the FAi] ett this site. (This soil has a surfao horizon thatalmost qualifies for a
mllic epijpdkn whIch isc.wtcmarily associated with high
soil fertility.) Converoely, the soil At the seconjary site 2 in Puerto Rico(Calero) has an acid surf4cn tid a rvlatwcly 3.w base satration in the mub
coil, both of which t"nd to depress yields. 
On th* other hand, It 
isnot mally clear nt this tim-i how exactly the climatic
site variablOB ShOir 
 inTablo 33 Influlm.o MIize y(ld,. The' data indicate note'=thydifferancs In th 
 wavMjyr monditiomm p-rvvatling In Prnzil and Puerto Rico,refloctng a continental typo of clivatht 
 Brazil 
mid i mar tkro climte inPtOrto Rico. 
Thus, mfnmum air te.4Wratue-'iNr~n7 thu. Orv season are signiflcantly lomr in Brazil and the taj,-scwttr ranoe the 
 fu about twice as large

as In Puerto RIco. 
Also, the =,xaunt of rolrs r.,Wdt on JuvIag th/t dry eaoninPuerto Rico Inabout 35 pcrcxnt ,r.'v tKrn i'in th, tot o~aion but only
10 percent lr InBrazil. rimtt'. I hijher during the
$ri v c]J -ettctly
dry aSon inBrazil, while thin wa not tr,' c:o I',Pum-rto +ico. 
 Tt nmay be
 
s:10culated thaoroform That ttv, v "rxI1rr lirur !',mviratums dklney tv dry0OWn In Brazil, pro!4.ly iII 1witjo14 ,,h"vvr, dimeas incdce and In

w+ct dc vg th n odurtnq r' i j [n Puerto Rico,iluvwo the SOGU.ona teerlpcrn tlv: d~fier-e1ZV1 -iv leva p1rn1mvxAj thin, trand io 

http:pro!4.ly


56 

rCl 

O
N

 
I' 

NI 0 
0 

I ~~I
0 

t-I 

0 

00 

hH
 ' 

44
b

D
 

H
 

0 
ti) 

4) 

H
~

tAo 
4
 

-40 
4J 

t 

443 

C
l20 

. 

H
 

*rj 

ri H
O

 

40,-

0
O

O
 

co
 

03rO
'o' 

C
o1 

C
C

)
H

 

.vi
\,u\ 

H
-

C
 

o
o

 
'.u

 

-4 

$.ef to4 

C
o 

4
. 

0) 

0
 

%
p

d
F

.4a
' 

0 

4 
0~ 

H
 0 

'0 

~ 
.4-4~~t 

cy 

~~ 
A

 

~ 
Q

~
 

'.O
Q

 

g-~
 

,~
 

'.0 

H
 k 

14 

( 
0U

 
0 

J 
ou~~-~ 

4
4
 

0 0 s
 

01 

433 
4 

.0. 

el 
44 

Ii) 
0. 

.0 



57 

not as obvious. Statistical analyses that include the climatic site variablesare therefore now being conducted with the objective to explain the differences 
in maize performance at the various sites.
 
Variability within experiment sites, 
as indicated by plot data, -is a distressingfactor in both Puerto Rico and Brazil. ALssuming equal weather conditions andequal soil and crop management at one experimnt, this variability must be causedby the soil. In Puerto Rico, soil Inicrovariability could be thought to be theeffect of a long history of cultivation resulting in man-induced indifferences
fertility and soil physical conditions. To extent this is
sare certainly true.Hcwever, nearly the sane yield variability was observed in Brazil although thesoils there had not been cultivated before. Moormann and Van Wanbeke (1978)
pointed 
out that strong variability over very short distances is a characteristicof many soils of the tropics, particularly in soils with low activity clays suchas Eutrustox. The low clay activity causes the soils to have a low bufferingcapacity for nutrients and a lw effective water-holding capacity. 
Therefore,
even small lateral variations in texture, organic carbon content, pH, etc. have
a pronounced effect on crop performance. The situation encountered at the PuertoRico and Brazil sites thus appears to be the rule rather than the exception.


It must 
also be realized that the soil family, although the lowest taxonanIccategory, still allows for variations in defined and undefined soil properties.For example, the base saturation in the major part of the subsoil of the Eutrustox must, by definition, be 50% or more and thus may conceivably range fro 501o 100%. Similarly, the clayey particle size class perits clay contents35 to 100%. It should further be rememberd that in the 
from 

case of the Eutrustox,the differentiating criteria for soil classificatiun are applied in the so-calledcontrol section that starts below the plownd layer. Although the ceneral properties of the surface soil arc covariant with the subsoil properties, they maydiffer from soil to soil despite the fact that they belong to the sare soilfamily. 
Such surface soil conditions inc]ude organic matter content, soil reaction, nutrient availability, soil texture, horizon thicknens, and others.
Same of this variability reflects the past croppinr and managerent history ofthe soil. Fertilizatlon with anmonit= sulfate, for exanple, iay result in reaidual acidity in the turface soil. Airtheorerr a)thcmqh the nenera] cllmatoof the area where a soil faminly occurs Is indcattA in the soil roisture andtfjx ature rrgims, the actual weather conditions during a given growing 
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season, of course, cannot be inferred fram the taxonomic unit with the degree 
of accuracy desirable for precise crop performance predictions. 

Crop performance and soil management predictions could clearly be refined if
 
they were based on information more specific than that contained-in the soil
family. In fact, Soil Taxonomy recognizes a categoric level below that of the
 
soil family, the soil series. The differentiae used for series are mostly the
 
same 
as those used for the classes in other categories to which the series be
longs, but the range permitted is less than is Wrmltted 
 in the family or sao 
other higher category. However, taken collectively, the numXr of possible dis
tinctions is too large to be ccaprehended readily and to be incorporated in a 
key.
 

In addition, Soil Taxonomy has the flexibility to indicate soil characteristics 
that are not considered in taxa definitions but are important for a specific 
land use. The phases provide for a utilitarian classification that can be super
imposed on the taxonamy at any categoric level to permit more precise interpre
tations and predictions. Thus, one may recognize an "acid surface soil phase" 
of the clayey, kaolinitic, isohyperthermic family of Tropeptic Eutrustox. 

The most precise predictions, therefore, can be made on the basis of phases of 
soil series. However, it would clearly be unrealistic to use this level in the 
process of international agrotechnology transfers. First, such detailed infor
mation rarely exists for LDC's. Second, soil series are not rigidly eefined, 
and different rationales for establishing series are used in different countries. 
As a consequence, the lowest categoric level of Soil Taxoncay that can be univer
rally applied in a uniform And consistent manner is the soil fwily. It is for 
this pragmatic reason that the soil family u.rleis in the. PRcoject. 

Wile it is still too early to make conclttqiv ;ttitrnth-a*out tho validity of 
the project hypothesis, it is b cimini evident Lhat rslpnse of all soils of 
the Eutrustox network to treatrnent vairables fve a ,vnarkably uniform trend 
which stvggests t1at all. mbors of tbe aoi . family have indeed a vcacin rosponse 
to managanent practices that In characteri ;tic or tJ)1.h family ai'l distinct, from 
others. The yield potential of t, ztriitnx studied also wns riultX similar 
and predictable under stated coixtitim of.' iranagsKnt. Nrwt.,r iir1ntat ton 
and the final statistical anwdyals ar, thcrefmro, oroloted to corI4x.)rto the 
project hypothesis, at lease in esjser4nc
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III. Managment FxperxT1ts 

A. General
 
Aside from available phophoru 
 and n4-'c,, l! i2 c .q . '&Itreis pob'blythe ist- severe- constraj in'iw6hejct' irl, tt vi ndreason, tU31.inistutre utilizationl studIf 3icZ For thishnve be..zn
Perimzents In Puerto Rico and Brazil. 

j-1 3SP miagement ex-
Irrigation rate exfr.Lntt have been andcontinue to be conducted in both Pwe'to Rico aic1 ErPZ-:l 1, ti, ,2IbPa
 

Other types of experimfents less directly r, lats .j 
 o -;:ilwater mnarIent incl"ded plant population dcnaity nad planting dat trikl. !h"Isorghum us of maiz3 andstover mulch in trials witl t1l ozc tl~j crcp
cropping begun In FT 78 and still Und&Xway 

t CC s,,: tried. multi.
1VPls_-indlrectly reI.ated to soilisture utilization, being an attempt to -, 1'l cf I natural resources available in a given space.
 

Pho3phorus 
rate and placcr=-t, and h(it

Two tillage CxPerimen , 

-,t .. 
wera conducted p,.r:irijiv, ' ' .' :'. . -d.i e
ET 79. c=pleted in 

B. Puerto Rico 

I. Ir~alon at x nitr-¢n v
 

In Puerto flico throc irrigaticn ~rA~: 

c~~One during the %,etuw ~l And4 two 4wjr c-.vwi1l be conducted dtV.CinV T :' ,rriltx eeqrjminttW, L2cr'1ir C- -.a e (1) to catrAreO the Prfonrnjnj of Tw, i:. - -t-S.. 'Z"C.2.ti"" . ., .... ,.,G [ stdur 

the dxy and Wvt c~aont In an' oxe i.Ith r1r ,' tflc dur(2)deterln ne the effect of rta tr".rp 4 c., j - L ,th# (2)a)upTlkn 

and (3) to study 1 t.r:i-i-ntor . . . 

The Puorto Rico irrlgatiop 4.1y~*'~;' ~~M=6 Ontinuou vn 1abl, V-,Vx 
a trickle IrrI 'ati jvriwjiJOVOIS of:' nI cK C' ~.r r A],)vG~s of" li~txM.n frcM 0 hdLO 230 1h#Auarn Ln, .., :i Y,.,,of ...
J17p11l10d frctn, 0 to 41Vp)xin"Z^W'1Y 2o nwhen in tly ntg.f-t,r Sc>, 
iapl; WOd taomtor (r -Itc

rerlInq 
.t 
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tension. The irrigation treatments were likewise applied not randomly but instepwise fashion across a
the nitrogen treatments. There were four replications.

The sepond experiment was laid out in a similar manner, but only half as manytreatment levels were utilized and there was no replication. The plot size wasve.. smallin the first trial, being only tho plants. Since treatment gradients
were almost continuous, there were no border effects betwven plots and large
plots were, therefore, unnecessary. 
 For subsequent experiments, plot size wasincreased to four rows 4 m long (3 x 4 m) and only the center two rows were harvested for yield measurements. Treatments were not replicated in the latter
 
trials.
 

The maize yield data from this study for FY 79 are presented in Table 34. Duringthe 1979 dry season there was a strong response to water applications and mildaresponse to nitrogen. The highest grain yield, 9252 kg/ha, was obtained with
160 kg/ha of N and the highest irrigation rate applied. Lowest yields were
vested from the plots receiving no water; these ranged 
har

from 4499 kg/ha without

N to 6915 kg/ha with 160 kg/ha of N applied.
 
Tentative conclusions drawn 
 from current and previous BSP wet season and dry
season experiments are (1) that a reasonably high yielding crop of maize may be
grown without supplementary water at Isabela during at least som dry seasons,(2) that during other dry seasons, however, maize yields may be improved considerably with appropriate supplemental irrigation and 
 (3) that nitrogen deficiencycan be a limiting factor moderately to severely restricting grain yields dependingon cropping history, previous fertilizer applications and available soil moisture.Experimentation with supplemental water must be repeated over a number of seasonsto provide reliable information as to crop requirements for irrigation in this
area. 
 Results of these trials will be analyzed statistically utilizing years as

replications after one more planting season.
!2- Normalk lg ILas tillag 

In a tillage experiment repeated at lsabela in 1 i 79 standard complete tillage wasxuipared with a minimu= tillage method of mAze 
culture at various in-row plant
spacings. The objectives of those expa rlm its were ([) to evaluate the sultabilityof minimau tillago for maize production in Tropeptc Mitnistox In order to minimizesoil erosion and co ction, (2) to avaluate three different plant population densitics - tho standard usd In transfer xferlents, owne 
] r and one higher 
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Table 34.,
 

Maize, Pioneer hybrid 304C, grain yields from nitrogen r irrigation
experiment (BSP PR-40) planted December 14, 1978 and harvested April
30, 1979 at Isabela, Puerto Rico, secondary site #1 (Cerro).
 

Grain Yield, kg/ha 2/ 
320- 4694 7194 6439 8109 
 7973 8287
 

160- 6915 6473 7194 6962 7557 9252
 

80- 5643 6309 7034 7290 7453 6085 

0 40- 4525 5169 6996 6997 7101 8284 

1H 20- 5131 7019 6048 7446 6260 8173 

0- 4499 6205 6048 7689 7471 6548 

0 30 60 90 120 150 

Irrigation time, minuto s/
 

1/ Adjusted to 15.5% moisture.
 

2/ Water was applied through twin-wall tricklo irriertion tubingwith 8" x 40"1 hole spacings; treatment levels wnr 
dot-erminod
by timing each application to deliver from 0 to appro.-imatoly

20 mm of water per application.
 



and (3) to obtain a basis for evaluating the effect on maize yields of minlnu 
tillage as practiced in the residual transfer experlnents.
 
The e perlment was 
established in a split-plot design with three replications. 
Tillage treatmnents, assigned to whole-plots, consisted of (1),cxVlete tillage,,_
plowing and discing twice followed by rotovating just before planting by hand,
and (2) mdinimn tillago, weed control with paraquat and planting by hand with
 
no other tillage. Later in the season weeds 
were controlled on all plots by
 
shallow hoeing.
 
Plant spacings, sub-plot treatments were 20, 23 and 27 an between plants within 
the row or 66,666, 57,971 and 49,383 plants/ha, respectively. Maize, Pioneer
 
hybrid 304C, was used as the test crop.
 
The results of this study are presented in Table 35. Yield differences appeared
consistently in favor of conventional tillage in this experiment; however, the 
data have not been statistically analyzed and definite conclusions should not be 
drawn at present. Plant spacing within the row had little, if any, effect on
 
yields in the current, FY 79, experiment.
 
3. Pot studies 

Because surface soil pH at the Calero secondary site in Puerto Rico is low,
(i 4.2 - 4.5) and maize response to phosphorus and nitrogen has been limited,
several pot experiments were conducted with live, mcronutrients and phosphorus 
as variables. Cbjectives of these studios were (1) to determine whether soil 
PH on the Calero site was a constraint to mvizo growth, (2) to study the effect 
of micronutrients and (3) to observe the early plant growth response to P and 
lime applications separately and in orbinatlonj. 

Pasults of the first experimpnt in which maize plants were arown for 34 days in 
pots of soil treated with lme at 0.8 mo Ca/100 g ooil, are presented inTable
36. The strongest response was to the blanket apIlication of omplete fortilizer 
which uss applied uniformly to all pots except ono st of control pots witfxut 
live or fertilizer. Considorinq the limited urowvt priod (34 days), there was 
a mrked increase in mizo dry matter preucti-n with ml, applications up to 
4 "ej Ca/lO0 g soil which raise soil IiI from 4.6 to 5.5. 
In a second pot trial with lime and mit.mutrient, luwls varied, 4 meq Ca plus
Zn and B produced the highst dry mattor yiold, 8.91 g/plant in 34 days 



63 

Table 35. 

Maize, X30,IC, rrain e]Is f.ro n ti 1 ago X p ant . pacin I 
experimert (1. durin; Jun., 4 :),,p-,[.iborSP Pp-49) conduct-,.'dc t.( 

13, 1", /9 the Puort P, rF .e(Ra na1
at t.sahel.1, PT1( PSo rimnary 

Tillage m-row Grain Yield , 
treatment STnaci n Rp I. icate 

cm I I.1II Mean 

Conventional 20 6204 59... 5128 575e
 

to 23 5701. 5940 5865 
 583r
 

27 5604 6023 5817 5815
 

Mean 5836 
 5965 5603 5801
 

No tillage 20 5516 4 :34 5025 5158
 

"I 23 5666 485 5222 5231
 

" 27 5764 5403 3639 4935
 

o Mean 5649 5047 4629 5108
 

Mean over all treatments 5742 5506 5116 5455
 

I/ Adjusted to 15.5?, moisture.
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Table 36.
 

Dry matter production 91 
 34-day old maize (X304C) grown in
pots of Coto clay socl_!M treated with and without a blanket
application of fertilizer and with 15 different levels of
lime plus fertilizer.
 

Treatment 
 Dry matter
 
meq Ca!100 q soil 
 q/plant
 

0 
 0.48 a
 

.26 + fertilizer 
 4.32 b
 

0 
 4.37 b
 

.39 
 4.51 b
 

.50 
 4.86 b c
 

2.86 
 5.20 b c
 

2.60 
 5.42 b c d
 

1.0 
 5.47 b c d 
2.0, 3.0 " 5.52 b c d
 

4.29 
 5.57 b c d
 
7.0 
 5.04 b c d
 

8.0 
 5.95 b c d
 
5.0 
 6.16 c d
 

6.0 
 6.28 c d
 

4.0 
 6.91 d
 

Soil for this t xrporircoit wan taken frurn the Isabola secondarysito # 2 (Calpro), neoil pIt 4.2 In 1120 
Troatmonts folJowd by the name letters are not nignificantly
dif orent at thn. .05 level of probabillty. 
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(Table 37). This yield was superior to dry matter production from pots without

lime but not higher than other micronutrient combinations 
at the same, 4 meq Ca,
lime level. Micronutrients alone appeared to have little, if any, influence on
yield, while Lim plus micronutrientSq showed considerable increase in maize
 
growth. 
 A cCqlarison of the first,two pot experlrents conducted at the same time .and location suggests that both micronutrlents and lime were effectively increasing 
maize growth in the second pot trial.
 
A third pot experIment with v-rious levels of phosphorus added to the soil produced
significantly more dry mtter when 43 kg/ha of P was added (Table 38); but apparent
increases inyield with still higher P levels were not significant. Phosphorus and
lime combinations were studicd in a fourth pot trial. 
The data from this trial are

presented in Table 39. Again, P alone increased dry matter production of 28-day

old maize plants; however, the response to P 
was still greater when lime was applied
at 2 to 4nmq Ca/100 g soil. The 4 meq Ca lovel at 4.8 g of P/pot was the most 
effective troa .rrent in this experimrant, although yield differences between the 2
 
and 4 meg Ca levels were not significant at any one level of P.
 

4. Lime x Ocphorus 

As a follow-up to the pot trn-as, a field experient was conducted with lime and

P variables. The objective of this 
 edximnt was to varify pot study maize res
ponses to lim and lime-phosphorus cobinatomri unler field conditions and with

plants grown to maturity. 
 Early, during tia silki q stage, treatment effects onplant size and ear developwent ware vislble, but final. grain yields showed no
consistent treatmnt effects (Table 40). Hurrictuie David and tropical storm 
Frederick passed near and over Puertmo Rico, respectively, as this experiment was
 
approaching maturity and damacs frn 
thso storm could easily have obliterated
 
treatment effects on grain yieldq.
 

C. Brazil
 

_Irrigation rate x 
crop varity.
 
In cooperation with the Otro Vacicnal do Pcw4uisa do Milho n Sorgo ((NPMS) ofl'prosa lrasilera e e.nuiua Amrciiria (FEM3PAPA) and Purdue University and 
utilizing line-source irrigaticii Oani'trunts desicnc by Dr. Jack Keller of Utah
State University, a roisturc. utiltzation mtTe is iying doveloX4e for nmvize and
sorghun i Brazli. "tT'hro of eojrimrntn with m ize and nirohu have been 
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Table 37.
 

Dry matter production above ground of 34-day old maize (304C) plants
grown in pots of Coto clay soill/treated with various micronutrient
 
combinations.
 

Treatment 

Code 
Lime 

meg Ca Micro,,utrient Rep. I II 
Dry Weight,
III 

g/piant 
IV Mean j/ 

1 0 Mg + Zn + B 5.52 5.62 6.72 2.27 5.03 abc 
2 0 Mg + Zn 5.56 4.97 5.73 2.06 4.58 abc 

3 0 Mg + B 3.49 6.97 2.42 2.52 3.85 ab 

4 0 Zn + B 7.86 3.17 2.48 1.09 3.65 a 
5 4 Mg + Zn + B 8.60 8.02 8.03 5.77 7.61 cd 
6 4 Mg + Zn 8.96 10.23 4.14 5.35 7.17 bod 
7 4 Mg + B 9.31 9.87 4.61 4.66 7.11 bcd 
8 4 Zn + B 10.57 11.02 9.61 4.44 8.91 d 

1/ Soil from the Isabela secondary site #2 (Calero) with ph 4.2 in 1120. 

2/ Means follc _wd by the sawe letters are not significantly different at the 5%
level of probability. 
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TAble 33. 

Dry matter )iloductijon of 28-day old maJu. 
(X304C) (jr(,,N, in pots of ('ot) ctay soil 

t reated with .t Cio 3I vo].! oi pho.Aphorup, 

Trcatme nlt Dry 	 Matter 

0 	 48 i , 

43 1.68 b 

65 1.94 b 

22 2.00 b 

86 2.08 b 

106 2.62 b 

1/ 	 Soil for this purpose was taken from
the Isabela ;(-coiida-y ;ite #2 (Calero) 
sojA pl -. 2 in 1120. 

2/ 	 Treatment-s fo, k 4ed 1,y thw: ,;ame letters 
arc, not gnfl'f(il l (1j er4Mlt ait the 
.05 .levCe I Of 1 1 I .hi 
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T~ble 39,
 

Dry Matter production above ground of 28-day old maize 
(X304C)
plants grown in pots of Coto clay soil treated with various
combinations of lime and phosphorus.
 

Treatment 

D 

omeg Co g/Ot- .ertilizer _IVRej U Meanfly
1 0 
 0 0 
 0.92 1.03 1.96 0.29 1.05 ah
 
2 0 
 0 + 1.05 0.73 0.09
0.43 0.58 a
 

0 .82 
 4 1.25 2.37 2.45 1.74 1.85 abcd 
4 0 1.63 
 + 2.31 2.41 2.56 1.36 2.17 bcd 
5 0 4,08 2.68 4.23 
 3.00 2.47 3.30 do
 

0
6 2 + 1.33 1.69 0.90 0.72 1.16 abc 
2 .82 + 2.04 3.81 1.81
2.57 2.56 cd
 

8 2 
 1.63 
 + 3.87 7.77 4.20 3.41 4.81 fq 
4.08 
 6.332 7.6" 6.15 3.82 5.99 gh
 

4 0 4 2.14 2.33 1. 6 1.. 1.02 abcd 
4 .82 
 * 4.10 .1,39 2.56 2.14 3.13 do 
4 1.63 
 6. !. 69 3.69 1.914 4.44 of 
4 4.08 
 * 7.0 9.60 7.1 
 5.9 7.47 h
 

6 0 * 1..10 ; 2.(h 1.15 2.32 bcd
 

6 .82 + 
 6.11 j..43 4.17 1.11 5.03 (q 
6 1.63 + 4.8(, 1. 1 3.6j '.64 5.37 fq 

2 6 4.08 * 7J(7 (.6 0. 4.16 6.47 h
 

/ Means followod by the mamo ltt.'rl 4rr sv;t riqntft ,ntly 41iftreptt 4t 
the 54 level of probnbilty. 

Pots utLijiod wore IS cm in 1tm r I Oo aj'ri1i•to1 V, fm 
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Table 40.
 

Maize, Pioneer hybrid 304C wet season yields from a lime x
phosphorus fertilizer trial (BSPPg-47) conducted May 25 to
September 12, 
1979 near Isabela, Puerto Rico, secondary site
 
#2 (Calero).
 

Treatment 
 Grain Yield, kg/hal /
 
Ca 
m~e P

ka/ha I Replicate1I III Mean 

0 0 4617 4039 5148 4601 

0 20 4988 2749 5612 4450 

0 50 5201 2686 4539 4142 

3 0 3704 4829 4214 4249 

3 20 4174 4118 4491 4261 

3 50 4432 4155 3891 4159 

6 0 4817 2723 4139 3893 

6 20 3482 3855 4576 3971 

6 50 5620 2718 6249 4862 

6 100 5125 4108 4549 4594 

9 0 4873 5146 4771 4930 

9 20 3918 5375 2909 4067 

9 50 4941 5812 3850 4868 

9 100 331] 5344 5120 4597 

1/ Adjusted to 15.5% moisture
 



a70' 

completed. The data fran the first experinents are bein, analyzed by PurdueUniversity and are to be prepared for publication. The second and third set of 
ex e* e t als wi h mweaneog u re managed by CNPMtance at the field site. ~with BSP assis-These second experizents included two varieties ofeach crop to examine possible varietal differential with respectrequ'rennts by the crop species. 

to moisture 
The COPiS is analyzing those data. Anotherirrigation experimnt with supplemental water x P-levels x plant populationvariables was established, though not harvested during PY 79. 

2. Multicropping
 
A multicropping design with maize, 
 beans, onions, carrots and a number of otherfood crops (Table 41) was initiated late in FY 78 and continued through FY 79.The purpose of this intensive cropping study is to examine waysProduction throughout the year.on 

to maximize food 
a limited land area, as would be the need insrmull farm operations in the tropics.
 

The rMlticrpping experiment is 
 small, utilizing only a 20 x 20 m space, withthree cropping cycles of combinations of 12 different food crop species.denign is a modification of a plan described by Hildebrand 
The 

(Papendick et al.,.1976, pp. 347-71). The trial is nw 
in the third cycle. Same pertinent dataare presented in Table 41 for the first and second cycles. A total cash valuecf $139.29 for the produce from the first crop cycle on the 20 xc ,timated. It is supposed, however, 
20 mplot was 

that the produce fran a small intensive:y tem as this would generally not be sold; rather, it would more likely contribute to the diet of the family involved.
 
IV. Varet Trial 

Vartety trials conducted on the clayey, kaolinitic, isohyperthermsc TropepticEutrustcx have demonstrated that a number of maize varieties are suitable forthis family of soils on the sites tested. One variety, Pioneer's' X304c,baein consistently high yielding, has 
up to 9,782 kg/ha in Puerto Rico,seoses sufficient desirable agroncmic traits to make it 

and pos
useful as a test-crop
at all sites. This hybrid has been observed to have a scarcity of brace rootswhich suggests that it may be susceptible to lodging, but no major problem occurroe during the first several seasons it was used in variety trials and 
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transfer experiments. Considerable lodging did occur during two storm, hurricane David and tropical storm Frederick, striking Puerto Rico in close sequence in August 1979;.but no variety could have been expected to resist lodging 
under such circumstances. 
Other hybrids have also produced quite well in both countries. IAC Phoenix 1110
was initially used inBrazil tests. 
This was followed by another hybrid, Cargill's
variety i1, which also yielded well invariety trials at Jaiba. 
InPuerto Rico
the first transfer experiments were planted to the Pioneer hybrid X306B. 
Since
1978 all transfer experiments at all Eutnistox sites including Hajaii have been
planted to the Pioneer hybrid, X304C.
 
No further variety testing has been done .byBSP 
 in Puerto Rico. However, sowe
maize variety testing has been continued in Brazil for in-country purposes.
 
A maize ccmposite population Improvement study initiated at Jaiba inFY 79 is to
be carried through several planting cycles. Results from these trials will not
 
be available until FY 80.
 
Two Brazil national maize variety trials, one of precocious selections and anotherof normal maturity selections, were conducted from November 1978 to May 1979 by
the BSP EPAMIGA/PR staff at Jaiba. The early maturing selections gave yieldsranging from 2312 to 7738 kg/ha, while normal-mturity material yielded from
2825 to 8825 kg/ha. These were replicated trials and the data fran these experiments were 
sent to Centro Nacional de Pesquisa de I1lho e Sorgo (MMIR) atSete Lagoas. These data are analyzed, interpreted and published along with the
results of all other national maize variety trials conducteO in Brazil during

the year.
 
The third INISOY international soybean variety trial in Brazil was planted inJ'ly 1978 and owpleted during FY 79. Grain yields ranged from 975 kg/ha forthe variety Cobb to 1,920 kg/ha for the variety Calland. The yield data aresufMlarized inTable 42. 
It 1s of inLerest that varieties appearing repeatedlyinthese trials have appeared from season to season inquite different orderwhen ranked by grain yields. Another soybean variety trial planted in January1979 with material supplied by International Plant Broeders (IPB) gave grainyields from 1457 to 4730 kg/ha for Jupiter and IPH seloction 73-77 respectively. 
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Table 42.
 

Soybean grain yields thefrom INTSOY international variety trial(BSP-30) planted July 27, 1378 .nd IiL-vestcd November, 1978
Jaiba MG, Brazil, primary (Prrani ite 

at 

Variety Grain yieldKg/ha I_/ 

Calland 

1920
 

Cutler 71 
 1824
 

Crawford 

1780
 

Columbus 

1776
 

Mitchell 

1767
 

Rillito 

1574
 

Improved Pelican 
 1541
 

Forrest 

1459
 

Williams 

1453
 

Bragg 

1381
 

Bossier 

1336
 

Davis 

1306
 

Gasoy 17 
 1174
 

Frank]in 

1116
 

Ransomi 

1049
 

Cobb 
975
 

Grand Mean 
 1465
 

Statdard error of a variety wean 
 145
 
Coot t i ci L (of var ati on 
 ]9.8%
 

5 J;) , vrViot,/ niean 413
 

I/ M rlfii of four rvr. ieCats.t. 
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DISSEKIWICN AND UTILIZATION OF Pr=E)IV CONCEPTS AND IRfZUA'S 

I. Strategy Planning Meeting 

In an effort to pave the wayfor an effectve utilization of the principles under
lying the Benchmark Soils Project and concepts relatcd to it, initial arrangaeents 
were made for a panel consultation on the strateay for land evaluation and agro
technology transfers. The meeting will be sponsored by the Lanchmark Soils Project 
and will be hosted by the Food and Agriculture Organization (FAO) of the United
 
Nations. 
 It is scheduled to be held at the FD Headquarters in Rme in March 1980. 

The intent of the meting is to develop a strategy for land evaluation research 
and soil-based transfers of agroproduction tcclmology at an international level in 
the tropics and subtropics. The specific objectives are: 

1. To devise a frameork for the effective utilization of agrotechnology 
transference research that coubinms nat cnal -1-inte.maticnal efforts 
and pronotes the application of Ito results in dovaloTopnt work, 

2. To detezmine what needs to bo done by whm, .Irn, whtre and how to 
establish the relationships bet3eon soil ch.xv6tcictics and crop 
requfrcrents In order to obtain a cound b=:#i for co~l curvey 
intrpretation and land evaluation, wnd 

3. To assist the Benclrk Soils Projoct in dvloping a zodus ope
randi for the utilization phase of the Project trithin tho context 
of nore omprehensive international effoats. 

In order to ensure an effective interaction, the nuwbr of participants will be 
deliberately wmll. We expect that high-lerl o iciils of AID, tho IAYCs, FAO, 
the ISSS, USDA-SCS, the International Soil ,stm, E.!A, O..'17MI, Cornol, 
University, and the Bendmwark Soils Project of tho Utiversitl.,. of Hedaii and 
Puerto Ric will be represented. 

MAO's willingness to host and actively participate in *.2 m,:tirg 'oClocti a 
strong interest in the DSP and its utilizati n o2 art. It is t.iticirt4tm tlt 
the rcmmendati.ons of the panl cmoultation will hwo far-r, d- it,hicntion 
to the fuWre direction of the BSP. 

h._ Project ct in razil 

The BSP has had rawrkablo impct in Braxil. Indicating rm~ of prject 
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concepts, the national agricultural research agency, the Urpresa, Brasileira de 
Pesquisa Agropequlria (EMBRAPA), is now initiating the establishment of a national 
benchmk ,soils network in Brazil. .. EMBEAPA's Servico Nacional de Levantamanto e 
Conservacao de Solos will be executing this program and already has begun to iden
tify Brazilian benchmark soils. The development of an appropriate research policy 
and design has been deliberately postponed until after the aforementioned FAO/hSP 
strategy planning meeting in order to ensure caTpatibility of the Brazilian efforts 
with similar researd conducted elsewhere at the sites of what has been conceived 
as the International encmark Soils Network (IBSN). 

In addition to EMBRAPA, UPR's collaborating agency in Minas Gerais, the Empresa 
de Pesquisa Agropequdria do Minas Gerais (IPAMIG) reiterated its firm intent to 
continue to be centrall involved in BSP and IBSN activities in Minas Gerais. 

III. Field Day at Jaiba, Brazil
 

On the initiative of IFAMIG, a field day was organized and will be held in Janauba 
and Jaiba in October 1979. The purpose of this activity is to familiarize a larger 
in-country audionce with the philosophy, research and ramifications of the BSP and 
to disseminnte prelimzninary rosults. 

The field day will be convened by EPAUIG whose president, Dr. H. Mattana Saturnino, 
extended invitations to all relevant organizations and individuals in Minas Gerais. 
Sare 45 professionals representing universities, private companies, and various 
research, development and extension agencies of Minas Gerais are expected to 
attend. UPR's Brazil agronomist M.L. Olson and D. Prudente Santana of EPAMIG 
have compiled an appealing package of backm'round and reference material on the 
BSP for distribution among the participants. 

XV SiClasificticn rkd 
The Third International Coil Ck3ification Workshop -- centrally related to the 
DSP but funded under a zrato Vrant from AID to UPR- was in preparation during 
the report pericd. The vorkotmp inco-sponsorad by the Arab Center for the Stu
dies of Arid Zmer mid try Luids 414AD) and will be hold in Syria and Lebanon 
in April 1980. It -4ill L~ tN' third in a series of AID-suported workshm or
ganized by UPR In c r.atln wtth host ouitry agencies with the dojctive to 
adapt Soil Toxcomy rnntivo to the toile of the loe latitudos. The Syria/ 
Ubno workslhip will focuq cn thM taxonjc of polls of dry areas and the 
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redefinition of soil moisture regives. The Benchmark Soils Project and interna

tional transfers of agrotechnology will figure prominently at the reeting as one 

technical session is dedicated to the topics... 

V. Publications 

Dr. Nyle C. Brady, editor of Advances in Agronowy, invited Drs. F. H. Beinroth 

and G. Uehara to prepare an article on the benciwk soils concept for the 1980 

issue of this prestigious journal. To ensure a caplete and authoritative 

coverage of the subject and a paper of high professional standards, Drs. R. W. 

Arnold, F. B. Cady and J. A. Silva were included as co-authors. A 60-page manus

cript entitled "Agrotechnology Transfer in the Tropics based on Soil Taxonar " 

was prepared. After editing by the UH/SP publications specialist, Cynthia L. 

Garver, it will be suhxltted to Dr. Brady in Novwber 1979. It is anticipated 
that the paper will create a wide awareness of the rationales underlying the 

Benchmark Soils Project in tho scientific community. 

S. P. Nightengale, J. Badillo and G. L. Spain completed the draft of a paper that 

summarizes the results of the maize variety trials conducted in Puerto Rico. The 

mascript will be submitted for publication ..n UPR's Journal of Agriculture. 

The second joint progress report of the Benchmark Soil Project was published by 

the University of Hawaii in Septerbe 1979 and distributed widely. The well-

Illustrated report focused on the development of tho transfer model and soil 

taxonmic interpretations of crop performance of the three soil families of the 

BSP network. The report was well accepted and many cmplimentary comments weru 

received. 

"Benchmark Soils New", a newsletter with a feature story, research highlights 

and related miscellanea cczbining contributions frm personnel of the two pro

jects was again published quarterly by the University of Hawaii for worldwide 

Circulation. 

W FOR C04MO YEAR 

I General 

The first ottonsion of the UPR/ , controct AID/tn-C-lf58, will end in 00owbor 

1980. Through this tim projct activities will be focused mainly on field a

parivantation end statistical nalyws. r/old wo* in Vuerto Woo and Brail 
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will be phased out during 1980. 
A second extension without additional funding will 
be requested for 1981. ihis extension, if approved, will allow time to conduct 
final statistical analyses, prepare the summry report and publications, disseminate 
'results, and initiate the utilization phase of the project. 

II. Field Experiments 

For the six experiment sites in Puerto Rico and Brazil a total of 35 field studies
 
are planned for FY 80. The experiments will generate further data for the statis
tical test of transferability and fill knowledge gaps relative to the managemnt of
 
Eutrustax. The various kind of experiments are summarized below.
 

Table 43. Field experiments planned for 1979-80
 

Type of OP 
pxPerment aize So Wtes Total 

Transfer 
Puerto Rico 
Brazil 

12 
12 

-
-

-
-

12 
12 

Variety
Brazil 2 2 - 4 

Management
Puerto Rico 4 - - 4 
Brazil 2 - 1 3 

32 
 2 1 35
 

luo standard transfer exapelnts with valzo will be conducted at each of the six 
OVprlimnt lites in Puerto Rico rad Brazil, ow *iritng the dry season and one during 
the wet season. Each transfer Meirmvnt condu4c In a new area (initial transfer 
eGperimnt) will be followed by a residual transter eqer~ient to studly the residual 
Offoct of previously applied phorus. 

Grain and stover yields an other yield parmters will be analyzed by the Statis
tics Section of UPR's AVrtcultural ft"ersmnt Station. Soil, crop and weather data 
will be entar on UK sheots for tatiotal promw pg. 

SRiO NuO hybrid X304C Wlonesr) has bmi tdontiflod as a variety well 14ptod 
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for Eutrustox and isnow used inall transfer experiment on these soils, there no
 
longer exists the need for extensive variety trials. Howver, Brazilian national
 
maize variety trials as well as small plantings of maize composites will be carried 
out i Brazil. Inaddition, two soybean variety trials will be conducted at Jaiba,. 
one incooperation with INTSOY and another with IPB.
 

C., Management Experiments 

The management experiments planned for the coming year will focus on irrigation,

tillage, liming, multicropping and phosphorus placaent.
 

In Puerto Rico, previously conducted irrigation x nitrogen experiments with maize 
will be repeated in the dry season in order to obtain more conclusive information 
about the need for and effect of irrigation. A conventional vs. minium tillage
experiment will also be repeated to reinforce the results from previous experi
ments. A mdification of an earlier P-plaoement experiment in Puerto Rico will be 
established inthe spring of 1980 to supplement information gained with the first
 
trial and similar P-placent experiment will be conducted in Brazil. Also, the 
multicropping experiment previously described will be continued in Brazil with the 
third and subsequent cycles of food crops being planted and intensively managed

t1roghout the year. On the original 1978-79 lime x P field trial plots at Isabela
 
a 
test for the effect of residual lime and P will be conducted at the Calero site. 
A similar trial but with initial applications of lime and P is planned for the 
Bahia site at Jaiba.
 

III. Statistics
 

Statistical work will be continued with the general transfer model using all suit
able experinwnts 
 to sos If the modol can be refined with the currently used site 
variables or with othar site variables that have not boen used yet. 
At the same
 
tiMe grouping of subsets of experiments will be explored in an effort find outto 
If the trabmt x site variAtin is on the owe level of tragnitude whether it be

perizite~ within a group x trearmnt or group x troamt. Thus, two approache 
to the s.atistical test of tranaference will be studiod. 
In addtion, routine statistical analyses will bo parfoamwd for all xperirtmts 

Varlous dissadnatio and utiltzation-criented activitioe that have beo in prepa
ration during the roprt period will taka place in FY 0. Tlby include a MWeld 
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day to be held in Jaiba, Brazil inOctober 1979, a strategy planning meeting to be
 
held in cooperation with FAO inRane inMarch 1980, and a soil classification work
shop to be held inSyria and Lebanon inApril 1980. The.se activities are described
 
in scme detail in a previous section of this report. 

At least two technical papers, one on soil taxoncay-based agrotechnology transfer
 
inthe tropics and one on the results of mfaize variety trialsI, will be suhmtted 
for publication in scientific journals. As work on the manscrIpts was inprogress 
during PY 79, the papers have been discussed above. 

An article on the BSP will be published in Pottuguese in EPAMIG's "Informe Agrope
cudria." Also, BSP Technical Report 5,Laboratozy Data and Descriptions of the 
Soils of the Benchmark Soils Project: Vol. 2 - -umto Rico Project, will be re
leased inFY 80. Publication of the quarterly newsletter, BSP NEWS, will continue. 
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APPENDIX A 

I. Experiments conducted at Isabela Agricultural Experiment Station
 

Exp. No. &Crop Type of Expt. Ste Season Begun Terminated 
... ... .,......... , =,. 

1.Soybean Uniformity Primary Wet 7-24-75 10-20-75 
2. Soybean Transfer-/ (PxK) Primary Int. 3-05-76 .8-03-76 
3. Maize Transfer (PxK) Primary Wet 4-02-76 8-06-76 

4. Maize r"xiety x P Primary Wet 5-14-76 8-30-76 
5. Maize Variety x P Primary Wet 7-12-76 11-05-76 
6. Soybean Transfer (PxK) Secondary #1 Wet 7-30-76 11-29-76 

7. Maize Transfer (PxK) Secondary #1 Wet 8-02-76 11-16-76 
8. Soybean P x Density x Var. Primary Wet 9-05-76 1-03-77 

9. Soybean Transfer (PxK) Secondary #1 Dry 12-09-76 3-28-77 
10. Maize Transfer (PxW) Secondary 01 Dry 12-12-76 4-18-77 
11. Soybean Seedbed Preparation Substation Dry 12-13-76 5-31-77 
12. Soybean Transfer (PxK) Primary Dry 12-21-76 4-14-77 

13. Maize Transfer (Px) Primary Dry 12-22-76 4-26-77 
14. Maize P-plaoeirent x levels Prizary Wet 4-04-77 8-02-77 
15. Maize Water (irrig) x N Primary Wet 5-05-77 8-25-77 
16. Maize Transfer (Pcx) Prnui y Wet 5-20-77 9-20-77 

17. Maize Transfor (PxX) sc dary tl Wet 6-02-77 9-27-77 
18. Maize Variety x P Primary lit 6-17-77 10-04-77 
19. Maize Transfer (Px N)Z/ !rrry O jt 6-23-77 10-17-77 

20. Maize Transfer S.xv1dary 11 DZy 11-15-77 3-27-78 

21. Maize Transfer Prumra, Dry 12-12-77 4-20-78 
22. Maize Variety zimlyrr Dry 12-13-77 4-18-78 

/ Unleua designatod as roidual, all trwnwfor ea.rtmnt ltsted woto Initialtransfer experinnts.
 

qEx erimt PMl19 
 end all mtza trarsfor oxrortmt therejftor vmra with P and N as vartabloa. 
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Experinents conducted at Isabela Agricultural Exporinent Station (oont'd) 
23. Maize Residual transfer Priary Dry 1-12-78 5-22-78 
24. Maize Water (irrig) x N Primary Dry 1-18-78 5-31-78 
25. Soybean Residual transfer (Px) Seqondry #1_ Dry, ---- 2-17-78- 7-24-78 
26. Maize Residual transfer Secondary #1 wet 4-10-78 8-02-78 
27. Maize Transfer Primary wet 4-25-78 8-08-70 
28. Maize Variety x P x 14 Prinary Wet 4-25-78 8-10-78 
29. Maize Water (irrig) x N Prmnary Wet 4-26-78 rain damaged 

30. Maize Transfer Secondary #1 Wet 5-08-70 
abandoned 
8-30-78 

31. Malze Residual transfer Primay Wet 5-10-78 8-28-78 
32. Maize Tillage (Mn. vs. Plow) Primny Wt 5-18-78 9-11-78 

x Density 
33. Maize Transfer Secondary #2 'et 6-08-78 9-26-78 
34. Maize Residual transfer Privairy Dry 11-17-70 3-21-79 
35. Maize Residual transfer Secondary 01 Dry 11-17-78 3-19-78 
36. Maize Residual transfer Sooondary 42 Dry 11-21-78 3-27-79 
37. Maize Transfer Prinv-y Dry 12-06-78 4-19-79 
38. Maize Transfer SoOdaxy )l Dry 12-06-78 4-17-79 
39. Maize Transfer Seconcary #2 Dry 12-12-78 4-24-79 
40. Maize Water (irrig) x N Seondary #1 Dry 12-14-78 4-30-79 
41 Maize Residual transfer Socondary O1 Wt 5-02-79 8-27-79 
42. Maize Residual transfor SOCUldery 41i et 5-02-79 8-27-79 

(2nd residual) 
43. Maize Residual transfer PriMar Wet 5-3-79 8-29-79 
44. Maize Transfor Secondary #1 Wet 5-17-79 9-06-79 
45. Maize Transfer Primiry vht 5-18-79 9-07..79 
46. Malze Residual transfer EeO0ary 42 Ubt 5-25-79 9-11-79 
47. Malze nitrx P Sacidary 2 at 5-25-79 9-12-79 
48. Malze Transfor Soondary 02 Wet 5-30 79 9-10-79 
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APPENDIX A 

II. Experinents conducted or assisted by BSP at Jalba, MG, Brazil 
Expt. No. &Cro Type of Ext. Site Season Begun, -Terminated 

1. Maize Transfer - / (PxK) Primary Wet 10-21-76 3-11-77 
2. Maize Variety x P Primary Wet 10-26-76 3-15-77 
3. Maize Variety x Density Primary Wet 10-28-76 3-16-77. 
4. Maize Variety, Nat'1. Primary Wet 10-30-76 3-22-77 
5. Maize Variety Annex Primary Wet 10-30-76 3-22-77 
6. Soybean Tramsfer (PxK) Primary Wet 11-24-76 4-29-77 
7. Soybean Variety, INTSOY Primary Wot 11-25-76 2-03-77 
8. Maize Transfer (PXK) PrimwV Dry 6-07-77 12-15-77 
9. Maize Transfer (P)/ Primary Dry 6 08-77 12-16-77 

10. Maize Irrigaticn, HO PA Primary Dry 6-11-77 11-23-77 
11. Sorghum Irrigation, !v4RMPA Primary Dry 6-12-77 10-05-77 
12. soybean Varioty, INTsoy Primary Dry 6-23-77 10-07-77 
13. Soybean Variety x P Primary Dry 7-11-77 11-10-77 
14. Maize Variety x P Primary Dry 7-25-77 1-26-78 
15. Maize Dnsity Primary wet 11-06-77 4-17-78 
16. SWbean tnsity Primary wet 11-00-77 3-15-78 
17. Maize Variety, Nat'1. Primary IWt 11-09-77 4-10-78
 
Is. Maize Variety 
 Primary Woe 11-10-77 3-31-70 
19. Maize Transfer Primary Wat 11-10-77 3-31-70 
20. Maize Transfer Socondary *1 Iet 11-2P 77 4-26-7U 
21. Maze Transfer Secodary 02 Wei 11-21-77 5-05-78 
22, Maize Transfer Primary Dry (-20-70 12-15-78 
23. MaiZe ROSidual Transfer Pr~mry Dry 4-16-70 12-14-70 
Y nl s desiatem as residual, all transfor oxpqrimmtn ljtod vto Lnitia1 

transfer evrimnts,
 

UP
b~rizmt 0-.9 and all transfar .i"rimnts tJhrenftar wft withJ 1,fjktu pv~riables. 
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24. Maize Transfer Secondary #1 Dy 6-20-78 11-29-78 
25. Maize 
 Residual Transfer 
 Secondary #1 Dry 
 6-17-78 
 11-22-78
 
26. Maize 
 Transfer 
 Secondary #2 Dry 
 6-19-78 
 12-05-78
 
27. Maize 
 Residual Transfer 
 Secondary #2 Dry 
 6-19-78 12-02-78
 
28. Maize 
 Irrigation, EMBRAPA 
 Prirary 
 Dry 7-20-78 11-28-78
 
29. Sorghum 
 Irrigation, EMBRAPA 
 Primary 
 Dry 7-20-78 11-28-78
 
30. Soybean Variety INTSOY 
 Primary Dry 
 7-27-78 11-(6-30)-78
31. Multicrcp Intensive Mgmt. Primary Dry/Wet 9- -78 Continuing

32. Maize/Sorghum Planting Schedule 
 PriJmry 
 Wet 11-05-78 5- -79


EPAMIG 
33. Maize Varieties, normal 
 Secondary #2 Wet 11-13-78 5- -79 

EPAMIG
 
34. Maize 
 Varieties, precocious Secdary #2 Wet 11-13-78 
 5- -79
 
35. EPAMIGSoybean Varieties, Me Primary 
 Wet 1-15-79 6- -7936. Maize Transfer Primary Wet 1-09-79 6-16-79
 
37. Maize 
 Residual Transfer 
 Primary Wet 1-16-79 7-10-79
 
38. Maize 
 Transfer 
 Sacoxday #1 Wet 1-12-79 
 6-12-79
 
39. Maize 
 Residual Transfer 
 Secondary #1 Wet 1-15-79 7-06-79 
40. Maize 
 Transfer 
 Seondary, #2 Wet 1-10-79 6-12-79
41. Maize Rslidual Transfer SondarY #2 Wet 1-12-79 7-06-79 
42. Maize cOcposite Primary 
 Dry 4-11-79 9-20-79 
43. Maize Transfer Primary Dry 6-06-79
 
44. Maize 
 Transfer Seondary Dry 6-07-79
 
45. Maize 
 Transfer S=dW Dry 6-08-79 
46. Maize 
 Residual Transfer Primty Dry 7-03-79
 

47. Maize R1sidual Trwsfer sromary Dry 7-04-79
48. maize ftuidual Transter sowc)ary Drly 
 7-05-79
 

WaiO/Sorgtj, Irriq., luw-sowo Prinw rry (1-05-79(EMrA) 
SO. MIatz ensity XP X Irrty. Prlsmory Dry 7-25-79. 
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APPENDIX B 

PRiDCTr PERSCNNM 

Puerto Rico
 

Principal Investlgator: Friedrich H. Beinroth
 

Senior Agronnist: Gene L. Spain
 

Agrarnsts: 
 Jose iadllo Feliciano 

Stevan P. Nightengale 
Soil cOanist: Lillian costa Mayoral 

Milagros Mir6 
Luis Carlos Sarmento 

Addnistrative Aide: Elsie Gonzilez de 88ndtz 
Socretarxes: Ingrid A. Voles Rmos 

Lucy Velez 

I~ftardi Aides: Ru~ben Garcia
 
Jose A. Rdlos
 

Coa'sltants: 
 Jack Koller
 

Larry A. Nelson 
Brazil 

PAM LUason: Ierli Prnonte SaMtana 

Aqxw=Utsa MN rwo L. Olson
 

Antonto Marlos Coelho
 
Rssearch Ai&e i 
 Narbal de s8 

MIw~ A. C. Torm
 
Fold oraimans tolc no C. Jorgi
 
DrIy r/Vschagno, 
 Zvmdr flortim Miralna 

Typist: M F dos Macs 


