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INTRODUCTION
 

This is the fifth .,nnu*Al report theon lo~hkkSislr-ot
of the University of Puerto Rico which hccaic) effective il
January 1975 under contract "ArT)/tO-C-L158 as a companion project
to a similar Al) contract of th, Olin.ersity o) 1iAtqaii. 
The report covers the period from I October ]979 to 30 'rtember
1980 and deals mainly with the accomplishmonts achieved durinc

that time. Emphasis is placed 
 un the presitation of the re
suilts of field experiments and their I]nterprctation relative
 
to the proect hypothesis. No effort is made to .eiterate the
 
basic rationa]e of the project or 
 the gerieralitius rclardjnq
research strategy I


and experiment Inothodoloq!V. 
 Fo r (IetaJ IC0
information on these aspects, previou;, annual rel)ort, and two

joint progress 
 reports on the 13enchmnark Soils Pro joct nublish.o1
by the University of llawaii (rRhiSP-01-8/79 and P1RBSp-02-9!7,)
 
should be consulted.
 

An administrative and [|scal report cont4al i nrof expenditures a como lote acconritand a )udoet forcft: or 1" 9 wa.s to:Y submiLtte 

the AID Contract Offico 
 in !en cr 1980. PIS ', 1 are,data 

therefore, 
 not r eported here. it shon ild also he poilted olit that
the present report has ben ,r nrp." lmar I) rev twily f,,* 
 n:,'

Is not interded fo' wide c renilation. 

As the D3enchniark. Soils Pro.1ect oe the I ,i ivcrsity (,( PLuer'to "k.eo 
Wi l1 terminate In btr
Decc be 19:3 1 , *.l ' (-1,l
I VO S I'rV "l'trehenst.
with complote ntronom ik a-id s t it,- ic I dat,aand in i:-dopth
analysis of the wi ldi tv f the ,r, .eet hvpot is ',iII be ,il 
lished and distributed in late 1 41 

PROJLtCT P!PiI0poj; AND OiJ1',CTi V'I; 

luhu puriy. se. of. the , 'isisl; *-cct (licno'una i:Hl SI') i., o tt a 

-soil ClBilc 1i-edJrnbt:o o*aaotoohnoli,,y'tra~f 

http:nublish.o1
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in the tropics and develop a methodoloyy desicned to assist LDC's
in appropriately utilizing their land 
resources 
for increased and

better quality food production by bypassing key constraints,. 
 .
Principal among the constraints prevalent in LDC's are insuffi
cient capital, scarcity of qualified research personnel, and lack
of time to close the widening gap between agroproduction and food
 
requirements.
 
The primary research objectives of the BSP are:
 

1. To demonstrate that soil management and crop production
 
knowledge can be directly transferred among tropical

countries at the family level of Soil Taxonomy, 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 ebtablished taxonomic criteria.
For a limited number of soil 
families, the BSP further attempts
to Indicate management alternatives conforming to the economic

decision environment of small farmers in tropical LDC's.
 

ACCOMPLI SHMENTS 

I. General Scoe of Work 
With all six experiment sites in Puerto Rico and Brazil fullyoperational, project activities during the report period wereconcentrated on agronomic field work. Particular emphasis wasplaced on transfer and management experiments. Tablu I Showsthe number of field experiments conducted durinq 1Y 80 and since
project tmplementation by crop, kind of experiment and countrv.A detailed timetable of the experiments carried out in Puerto
Rico and Brazil is presented in Appendix A. 



Table 1. Experiments completed or begun during FY 
80 and
 
life-of-project
 

.... Crop 
Experiment 
 Maize . Soy-bea n Other Total 

Transfer

Puerto Rico 
 11 (39)*) (5) 
 - 11 (44)
Brazil 
 12 (36) (1)  12 (37)
 

Variety

Puerto Rico (5) 
 - _ (5)Brazil 
 2 (11) 1 (6) - 3 (17) 

Mlanagement
Puerto Rico 
 6 (12) (3) 
 -Brazil 6 (15)
5 (12) (1) 2 (5) 
 7 (18)
 

36 (115) 1 (16) 
 2 (5) 39 (136)

*) Numbers in parentheses indicate total number of experiments


completed or begun to date.
 

Field experimentation followed the research methodoloqy and

design developed jointly with the University of Hawaii. 
 Al
though these proce'ures were essentially established in previous

years, refinements in the method of phosphorus determination
 
were made in 1978 and 1979 in accordance with the recommenda
tions of coordinati.on meetings of the two Penchmark Soils Pro
jects.
 

The yield and most crop phenology data of all experiments were
statistically analyzed at UPR's Agricultural Exooriment Station.
 
In addition, the project's statistics consultant, Dr. Larry A.Nelson, scrutinized the data relative to the project hypothesis.
 
Continuing efforts were made to 
strengthen the existing linkageo
and to establish new contacts. 
Dissemination of project con
cepts and results was accomplished throuph technical papers, afield day, seminars and periodical publicationns. Strategies
for and the nature and scope of a possible follow-up program
to the current project wore discussed at a workshop. 

http:coordinati.on
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As detailed in the administrative report, 7 professionals, 9
 
nonprofessionals and a varying number of field laborers and
 

.students 
 were engaged in project activities durinq the report.
 
period. (The current regular project staff is listed in Appen
dix C). 
 In FY 80, the total work effort amounted to about 275
 
man-months.
 

II. Testing the Transfer Hypothesis
 

A. Results of Transfer Experiments
 

1. General
 

The reader is referred to previous BSP Annual Research Reports
 
for more complete information regarding experiment design. 
 In
 
short, the transfer experiments are designed specifically to
 
generate data for testing the technology transfer hypothesis.
 
They are conducted with maize as the test-crop and with two
 
controlled variables, phosphorus and nitrogen levels, in a
 
partial factorial design. Initial plantings of transfer experi
ments are followed in the 
same plots by residual transfer experi
ments, whereby a measure is obtained of maize response to resi
dual phosphorus left In the soil after the initial transfer
 
experiment is harvested. No additional phosphorus is applied
 
to residual trials but nitrogen treatments are repeated at the
 
same 
levels used for the initial plantings. Both the initial
 
and residual transfer experiments provide data for 
use in test
ing the transfer hypothesis.
 

The data presented in this section are from the transfer uxperl
ments harvested during the period from 1 October 1979 to 30
 
September 1980. For simplification of presentation, the experi
ments are grouped by seasons 
and as initial and residual trans
fer experiments.
 

The following is a largely .-oscriptive account of the experiment 
results and their agronomic interpretaition, A more complete 
statistical evaluation wil]. be preionted in the final project 
report. 



5 

2 . Results of dryseason exeriments
 

a. 
Initial transfer experiments
 

During the 1979 dry season, maize qrain yields increased sharply

with-phosphorus applications up -to -th 
 oA-.40 +.85 levels of P"
 
in initial transfer trials on all 
three sites at Jaiba, MG,

Brazil. Tables 2, 3 and 4* show mean 
 rnin yield for these
 
experiments.
 

When P levels were increased from -.85 to +.85 
at the primary

(Paran$), secondary #1 (Coarf) and secondary 42 
(Bahfa) sites,
 
mean grain yields (at the highest N level) rose from 3578 to
 
8656, 5207 to 8181 and 5533 
to 8891 kq/ha, respectively. Simi
lar yield increases with applied P were observed at all 
levels
 
of N. Conversely, there was only weak or no yield response to
 
applied N on the three Brazil 
sites. 
These results reaffirm
 
those from previous transfer experiments at Jaiba.
 

During the dry season in Puerto Rico initial transfer experi
ment treatment effects were mild 
to strono. But contrary to
 
the Brazil experimenta, the strongeut yield responses were 
to
 
the applied N, not to P levels. 
 Mean grain yield data are pre
sented in tables 5, 6 arid 7 for the Isabelo, Puerto Rico nrimary
(Ramal), secondary 41 (Cerro) and smcondary 02 (Calero) sites,

respectively. Incroasiny applied N from 
 29 to 186 kg/ha qave

qrain yield increases from 5081 to 
 7378, A249 to 7891 and 5238
 
to 6942 kg/ha for the Ramal, Cerro 
 and Calero sites, respect
ively, at the hithest level of P. A 
 ri t Lr N effec occurred 
at intermediate and lower p troatmont I, i as w(i. 

In general, the three firazil sites have responded strono lv to 
I? but not to U. Apparontly, at these: BIP sitcS, suffliefnt
 
soil N is available for at least ono or riore Crppin( scanons , 
;s the sites are ail on srjetittoj '. virti I ltl . TO Ptvrto 
Rioe( all HSI) nitesl havo. been cropped forr mony decades ind 
available soil N depondr Iarqol y on -,.nt vrotpri)(jg history 
inc tdlung all aspvct,-i of manalemet ,'sO cia!cigvrly tort I 
app I cation. For thcf;o ria t)ns th,, offetti of N t.ront.inO ts 
have boon qu itt, varI able in Pue rto Ric(). 

" T'h T's2 to 32 appoar Ir Appendix ri. 
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Althouqh earlier transfer experiments at Puerto Rico sites havo

demonstrated positive yield responser to 1'indicating a limited
 
soil P reserve, previous fertilizer apliications at adjacent


* 
 BSP sites have left residual P adequate for one or.more crops

of maize or have been nonuniform applications caiusing varLabl
lity and hence blurring possible P treatment effects. 

b. Residual transfer experiments
 

Residual transfer experiments conductel during the dry season
I Brazil showed responses to P that ronqed from strong at the

primary site, 8, totable possibly a very mild and Inconsistent 
response at the secondary site h2, tabJe 9. There was a mildi 
but consistently positive P treatrient ifoct on cirain procduced
at the secondary situ 
 ], table 
 0. maize grain yields, g94q

to 5250, 2299 to 4456 and 2148 t-o 
4363 ka/ha for thp primary,

secondary #1 and secondary 02 sites, respectivelv, were do
pressed for all residual transf;o e(pertments in Brazil durina 
the 1979 dry season. Grain yiolds for residual experiments 
were similarly low durinq the prr.vious 1tison.
 
At this 
time it in not Clea whAher durinu the residua] experi
meat insufficient P was available or sopie other factor had he
come limiting. As in the ca,e o- inLial tiransfer exp eriments,
there was no N treatment effect' o r rosidual oxperiments it 
brazil. 

Inly two resid',al trials %'n'e 
 'r"'.,et i n Ptu{,r ';o Rico Ourinc: 
the dry season of 1979-8t). he ::,. w rc at: the prirary ond
secondary Al. sit s, the oyl, er i ,iit, p aniot, .,t: 'ntHa vsit(?
#2 was damnqed by a hov. ifwtor r.nit-irain 'rN1t(roIenI. 
treatments gave mild to [airi,' ,l t y'..iie! i ;crcsoN on thoFiamal (6744 k'3/ha) and Cerrc (79$110 ! t.e, , ro:toctiwy,]y 
(tables 11 and 12), whilc th" r w':'i'i ?Ytts were nil. 

3. Results of wet sou,1 'i,,.:
t..
 
!!'_iInitil tranv',for )!e t£
mo 


Da)rLng the Wet a4esfIoen.- iL I., rv, 1 - i. I% i.ly N t l0Lttlt' 
,tecnt offfoctsi resul ted In y, rcI d trri' '* nt ir to of011-;'e tho 



7 

preceding dry periods. 
The deqree of response, however, was
 
more moderate and maximum yields 
wre sliqhtly lower, though 
still reasonably good.
 

At th primary, secondary #1 and secondary_.62 sites in Brazil.... 
raising P applications (rom -.85 to +.85 levels) boosted grain

yields from 4525 to 7039, 6018 to 
7680 and 4203 to 7975 kg/ha,

respectively,as indicated in 
tables 13, 
14 and 15. Conversely, 
except for a moderate response to N un' to the +.85 level at the
 
Bahia site, there was only slight or no response 
to N for the
 
Brazil wet-season experiments.
 

Puerto Rico wet-season maize ,qrainyields appear in tables 16,

17 and 18 for primary, secondary #1 and secondary #2 sites,

respectively. Production was relatively good at all three
 
sites but there were only weak to moderate yield 
 responses to
 
applied N and no consistent rosponsos 
 to I1levels. Mean yields

overall p treatments 
az the highest .J tevel, were+.85, 7041,

6632 and 6262 kg/ha 
 for Ramal, Cerro and Calero sites, r'es
pectively.
 

b. Residual transfer experiments 

Contrary to the previous year, FY 79, wet-season residual transfer 
oxpe:*iments during FY 80 at Jaiba, MG, Brcizil were more produc
tive than the
were preceding dry season residtial transfer trials.
Mean grain yields at the +.85 P level ove all N levels were
 
7059, 6626 7318
and kg/ha for prim-irY, secondary 41 atnd secon
dary #2 sites, respective1y (tabius 19, 20 and 
 21). These were 
somewhat less than VY 80 d-v season Initial transfer trial yields

but only slightly to moderately beIo,. wet season 
 Initial transfer

trials. The Ilmprovement noted 
 over a'it year's wet-seaqon resi
dual trial. yelds Is partly attributeci to earlier p1anti.nq, 
December rather than January. Furuuy ('xperImentat.iun would 
seem desirable reqard g ti me of p1 a ni.! tjg pai z,qs Ii y
during the wet season, in Brazil, 

Averaqo wet-seasor, ma ? yields Iuitnq 19H, fo the ?ue rto Rico 
4rimal, Cerro and Calrero sites are shlee,, ". i, Ies 2,, and 24, 

05p~)Ctl.vel y . I ji oa iq n q Irc: 
 N c s F rnc-1 -5 to0 4, 537 - r to 

http:p1anti.nq
http:secondary_.62


yield responses from 2433 to 7132, 3461 to 9020 and 3157 to

6219 kg/ha at 
the primary and secondary 
l and 1 sites, res
pectively. 
Grain yields were high -,elative to previou seasons.and again N treatments wcre very effective but increased P levels
 
gave little or no 
response at Isabela.
 
Planting time for both so-called wet and dry seasons in Puerto

Rico is probably no less crucial 
than for Brazil. However,

because of the much less distinct seasonality of climate, especially rainfall and temperature, it will be more difficult to

pinpoint appropriate planting schedules for Puerto Rico. 
 Sea
son-to-season fluctuations in crop production are 
likewise less
readily attributatle to "early" or 
"Late" plantings in Puerto
 
Rico.
 

III. Management Experiments 

A. General 

Aside from available phosphorus and :litrogen, limited soil moisture is probably the most severe constraint inherent in the soil

family under study. 
 For this reason, riotsture utilization studies have been emphasized in BSP management experiments In Puerto
Rico and Brazil. Irrigation rate experiments have been conducted
in both Puerto Rico and Brazil by the BSP. The effect of imposedmoisture stress at various qrowth stal-les has been studied in aBrazil experiment. Other types of expem iments Jess directlyrelated to soil water manag-ement :included plant population den|sity and planting date trials. The use of maize and stover mulch 

was tried. Multi-cropping begun in VY 78 and still underway is 
also indirectly related to soil moisture utfliza',ion, beina anattempt to maximize the use of 71l1 nitural resources avai [ablein a qiven space and time peircI. 

Phosphorus rate and placemen t, and l inct ,.xporiments were also
carried out. Thre e ti.1i. ce eoxeoriment3 were conducted previously 
and another was conrpJetod in F 80. 
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D. Puerto Rico
 

LI. ir atlon rate x nitroqen level
 
In Puerto Rico four irrigation x nitrogen level experiments have
been completed, one during the iett-urin aon and three dry . 

seasons. The objectives of this study are 
(1) to compare the
performance of maize when grown without irrigation during the
 
dry and wet seasons in an 
area with an ustic soil moisture
 
regime, (2) to determine the effect of supplemental irrigation
 
on crop yield in both seasons, and (3) to 
study nitrogen-water
 
interactions relative to maize production on a Eutrustox.
 

The Puerto Rico irrigation x nitrocen experiments wore modeled 
after the line-source continuous variable method described by

Hanks et al. 
(1976) but utilizing a trickle irrigation system
 
instead of sprinklers. 
 The first experiment had 24 levels of
 
nitrogen from 0 to 
230 kq/ha in 10-kg incretrents and 12 levels
 
of water applied from 0 to approximately 20 mm of 
 water rer
 
application. 
 Irrigations were applied when tensiometer readings

in the center plots showed 20 centibars or more tension. The 
irrigation treatments were 
likewise applied not randomly but in 
a stepwise fashion across the nitrogen treatments. There were 
four replications. The second experiment was laid out in a
 
similar manner, but only half 
as many treatment levels were
 
utilized and there was no replication. The plot size was very

small in the first 
 trial , beinq CnIiy two plants. Since treat
ment gradients almost
were conitinuous, there were no border
 
effects between plots ].are vci,,
and IAots therefore, unnec
cessary. For subsequent experimerts, 
 .Wl(t size was increased
 
to four rows 4 
 m long (3 x 4m) ai,d only the center two rows 
were harvested for yield tneasurrrionts. Tretments were not 
teplicated in the later trials. 
The maize yield data from this stuLdy for l'Y 80 are presented 
in table 25. This year, '.Is We],1 as dul'irIj* the ].9711 dry eason,
there was a strong response to witer appl i.cations and a mi.]d 
to moderately1 s9 ron wa q)onfe tn,)wit Yo0 . 'T ehe f In., erainn 
yield, 9201 kg/ha*, war; obtainod IvLbt 32(1 1w,/ha- of N i i!d tho 



next to highest irrigation rate applied. 
Lowest yields were

harvested from the plots receivinq 
no water; these ranqed only
from 2985 to 4092 kg/ha, N showing no effect without applied
 
water.
 

Tent C~tiv C1U iOJ d~~ W r,66- -6 rr n and prevIou6s Bst' wetseason and seasondry experiments are (1) that a reasonably highyielding crop of maize may be grcwn without supplementary waterat Isabela during at least some dry seasons, (21 that during
other dry seasons, however, malize yields may be improved consi
derably with appropriate supplemental irrigation and (3) that
 
nitrogen deficiency can be a limiting factor moderately to
severely restricting grain yields depending 
on cropping history,
previous fertilizer applications and avriilal~e soil moisture.
Experlmentation with supplemental. water mst he repeated over a
number of seasons to provide reliable information as to crop
requirements for irrignt!on tn 
this area.
 

2. Normal til lace vs. rminium till.aae 
In a tillage experiment repeated for the third time at Isabela
in FY 80 standard co.lete tillacii was compared awith minimum
tillage method of mai.e culture at various In-row plant mpacin's.The objectives of these experiments were (1) to evaluate the3ultability or minit-min t lfage for maize production in Tropeptic

Eutrustox 
 in order to mfltnlIzo %oilero: ior and corpaction, (2)to evaluate thro differelit pl ,i p.opulation densiities -- the
standard used in transfc, ,p 
 ri t , one lower sld one hiqher
-- and (3) to obtain a bas4j for ev; i1t~ci the effect on maize
yields of minimim 
 ,j; p'actid Lhe rniti transfor 
experiments. 

The experiment war eL WJ,)iod in I-!,Wt-plot doseirn with three 
froplicjations. t iteb9,f;" doWho c-p lot, Con1-
Piatecl of (1) Crovicte L4 I kvit, )fp. iI41cfl~l tWIC( roilowed by rotovitina jwv, ,l 1;ir i,, ai.fl,J t]jz hand, (N") minimutm
tillage, weed contreol with pz iCUuUr'I .10: a,)intnf, by hind with ticother tillage. Lrite)- inhr hre) t :,on weo c )ntrollC, oll all 
plots by shallow hlok ri 



Plant spacings, sub-plot treatments, wore 20, 23 and cm27 hI,twuen plants within the 
row or 66,666, 57,q7! and 49,183 plants/ha,

respectively. Maize, Pioneer hybrid 304C, was used as the test 
crop.
 

The results o th4studyare 
ro tablc 26-
 Yield
 
differences among tillage method, In thIs experiment 
 wore not
significant, 
Plant spacing wittin the 
row had no significantaffect on yields in the VY 7q experiment hut favored 20 and 23 cm 
spacing over 27 cm in the more recent rY 80 trial.
 
Two conclusions can be drawn from 
these expertments. 
 First, for
tralzo production on gutrustox 3iiton such 43 at Isabola, complete

tillago preparation for each 
oason is not necessary. And,
second, the plant spacing pattern of 23 cm between plants in
 rows 75 cm apart (approxirately 58,000 plants/ha) is n.uar opti
mun ror the site environment.
 

Phosphorun n rat 
A phosphorus level and placomont study wa oompleted in Puerto
Rico in 1980 with maize, Pioneer tratnd hylhrtd X304C, 
no a text 
vrop. 

The objective of this vxportmont w- to detormint whethor the
offectiveness of givon awiuntta of tppkeJ phosphorus can be 

In b*,inds -r
optitMied hy plaeomont iH! t!ther thhn broadcast. 
flour placement tamnt wir ot~o, - ril11 1tonth useedrow), 15 cm band, 4 4 rintd *ndsnoh|rotit-4ift __ nt three lovelo 
o~f phosphorus caich. '4own ',e~pwA5 cm *ipjart Tho "miunts


f P appli ed at a 
 l IvoI :Vr-),,,, 1 thcD troisted 1 )rtin ofthe total aroat thus, the 15 vm Wnd 4iiid 45 cm'bond troatmentereceivad 1/5 an) 3/5, retport , hr.Ad-P .!d tho hl 
cast (75 cm) troauitnt, 
 Pr ri il t. ,t1- thn Li1 tji'ftt2 
of P wero applWo* to the l vV4irN 
(*rain yield data ilppjr in tnbi. 
 ?L l tte | mfl7ed itlU~tyields, 7378 to 053 kq/ha, od wft . r nift tI!qfI

tin 13 cm bandit jr I f Ilo- 0 t fqotiI J~f , 



and obviously more economical in this experiiment. A previousexperiment (during FY 78) showed some yield advantanebroadcast applications, with 
though band applications were more conservative of P. Repeated exp me-taticis-essent 

.........
vide adequate 
to-

evidence for final conclusions. Tentatively
could be assumed that band applications 

it 
are more economical with

little or no sacrifice in yield.
 
Early growth of maize as evldenced by 30-day plant heights intable 23, showed more response to 
diO 

11 levels and placement thanmature plants and gr-ain yields. Plants were tallest at30 days where the hiqhest levels of p were applied and therewas slightly more growth when the phosphorus was broadcast.The previous experiment reflected stronger responses but similar 
trends to placement and levels of P. 

4. LiMp xhEophorus
 
As a follow-up to 
earlier pct triais with s il from the Calerosite (pH 4.2-4.5) a field expericent was conducted in PV 79with lime and P variables on 
that site. The objective of this
experiment was to verify pot study maize responses to lime and
lime-phosphorus combinations undor field c:onditions and withplants grown to maturity. E.arl.y, durlnq the silking stage,treatment effects on plant size k1nd var developrrent were visible, but final grain yields showed no consistent treatmenteffects (table 29). Iurricane DivI;d onri tropicaI stortn Pederickpassed 
near and over Puertc Mco, respectively, 

ment 
as this experiwas approaching maturity and damages from these stormscould easily have obliterated treatmont offects on grain yields.

To test for residual effect of lite and P1 this exerime'mentplanted wasto wiIze again the foll.,virr: S,#:,son, 
data 

VY 80. The yieldfrom the residual trial also ij.pear i1n tabletrial yIolds were 
29. Pesf dua Ihiqher and resiipn~s to 1...,T4 showed mo.ro conulstent trends, the hirihvst qrain ytohIl heint' 6,2f,0 ku/ha "itthe hfghost 11mmc '1v,1 10 ki, /h, han yVi'cldf worerally; jit low, however, for t)otft th1i( in't' i and rOsidtioI 

.:perlImo~rits~ and tit 1 rrrnt v ,o ere )5 I ' s ~t r:)0m W'I wo ,lId( 
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be expected.
 

C. Brazil
 

I. _Maize-and sorghum line-source irricgation
 

In cooperation with-EMBRAPA, the-national agency-for agricultu-.

ral 
research in Brazil, a line-source, sprinkler-irriaated maize
and sorghum experiment was carried out from June throucoh October
 
1979 at 
the Jaiba BSP primary site. 
 The experiment was designed
to study plant moisture requirements over the growth period and
its effect on yields arong varieties. 
This was similar to a
previous line-source study completed the year before 
 at this
 
site, but improvements were 
incorporated and four varieties
 
each of sorghum and maize were olanted. A single line of
sprinklers were installed 
to produce a pyramid-like gradient of
moisture availability for the maize and sorghum. 
Tensiometer

and gypsum block moisture data were col lected on 
a daily basis
and irrigations were 
scheduled accordingly. Growth and yield

data were collected and forwarded to EM1BPAPA for further anal
ysis, interpretation 
 and dissemlnation. 

2. Moisture stress x p x plant density maize
 
This experiment, planted with Carjill. 111C hybrid seed, 
was
 
carried out from August to December .1979 at 
the BSP primary

site in Jaiba. 
The study was desicined to observe the possibleinteractions of levels of phosphorus applied (as SSP), diffe
rent moisture regimes, and 
 planting density. A split-plot
randomized complete block desiun, with three replications, wiasused. Phosphorus levels 
(4) and densities (3) 
were assigned

to sub-plots and moisture treatments to whole-plots.

The moisture stress 
periods were 30of days duration. These
 
periods were 
 Initiated at one week aftr etrmination, 
(1) 7 to 37 days afteru j!ermination, 

i.e. 
(Z) 37 to 67 days aftergermination, (3) 67 to 97 days ator ciermination, and (4) no

period of moisture str.ss as the oontrol. The amounlt of moisture each plot received was controilleo usiog drip irriqaton
lines and soil moisture status ws mon11torei with soil tensio
meters. As this perfocl ts the dry season in Jaiba , rainfall 
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was not a problem, although some rainfall 
occurred in mid-October
 
which may have influenced the results of the third moisture stress

period. As presented in table 30a, 
the tour P treatment levels
 
were 60, 40, 20, 
and 0 kg el.emental 
P/ha. The-three plant densi
ties studied, as shown in table 30b, were 
30,000, 55,000, and
85,000 plants/ha., all fertil.ized at 60 kg P/ha. 
 All plots re
ceived the same application of 80 kg K/ha,. and split applications

of 100 kg N/ha. (25 kg at planting and 75 kg at 30 days).
 

3. Phosphorus placement
 

A phosphorus placement study, usinq X304C(Pioneer) hybrid maize,

was conducted at the primary insite Jaiba from February to June1980. The purpose of this experiment was to study the possible
effects of different rates and placement methods of phosphorus

(as SSP) on maize growth and yield. The levels 
of phosphorus
used were 20, 40, 58, and 81 kg P/ha. which corresponded to theamolvnts of P needed to achieve 0.01, 0.02, 0.03, and 0.05 ppri
of P in the soil solution. 
 The methods of applying phosphorus 
were a) 15 cm band at 20% of full rate, ) 45 cm band at 60 of
full rate, c) broadcast, or total plot area at Cull 
 rate, and
d) rill, or under the seed at 209. of Ful1 rate.
 
The experiment consisted 
of 16 treatments plus two controis in a randomized complete block deOnin with three replications.

Blanket ap,?lications of micronutricnts 
 plus K and N were aptlied
to all plots except the comrplete control. 
 Supplemental irricga
tions were supplied by a sprinkler system. A heavy windstorm
 
in April caused extensive 
 and persistent problems with edqed
plants despite later efforts ,o hil.] these plants upright.
The raw yield data pJ.us treatrrent means; airc presented in table 
31. The data as well as other plinL gr-owth data are beingo
statistica.ly analized. No con-CnLISu ons as to t OM,'ATnt: efffect s 
can be drawn at this tiroe. 

4 . Mul ticroop)ino 

A multicroppino study was ir-f it.ctd in Auqust 19'78 a rld corLLinl, l]
to December 1980. 
 Four c 'clos of }',lit no andlbrt'st wore 

http:statistica.ly


accomplished during this period. These experiments were designed
to furnish yield data and explore methods of maximizing food pro
duction on a small land area, in this case 20m xa 20m plot,
through intensive management, close 
row spacing, and supplemental.

irrigation. 
A number of row crop species comprised each cycle.
To insure total utilization of the 400 square meter space andfull canopy use, while avoiding extreme plant competition, crop
species used needed to be complementary.
 
Results of the four 
 cycles, alonq with estimated economic returns,
are presented in 32.table Approximate values are used as commodity prices vary throughout the inyear Brazil. Certain assump
tions may be discerned from the data. 
 Vegetable crops such

onions and carrots appear to 

as
 
be fairly steady income-earners inthese studies. 
 Dry beans are also valutabe, as 
they would most
likely be used 
to contribute to 
the diet of the family involved.
 

While maize showed potential for acceutiible yields in multi
cropping, maize competed too strongly for solar radiation, thus
depressing yields of companion, hiqher-value row croos. Cassava 
produced high yields, but even at 2 meter row spacings only
first dry bean 

a 
crop was possible in intercropping before the
 

cassava became too competitive (as seen by 
the failure of the
 
peanut crop). A second problem with cassava is the long period

of time from plantina to harvest 
 (0 months) , too lona when

other, faster 
maturing crops could usedbe for such a small,
intensive farming system. Squash, if it can be prevented fi-onlbecoming too dominant throuoh troliising or Late piantino, also 
appears very productive.
 

In terms of potential econorlic hcnefits, the total e-stirnated
economic return for the four p1 anti nqR was .'I , 159. 8 (tal1e 32)Total expenses, which excluded cots for water trnnsport, tabor,
and seed, came to $374.70. If a spiai I firai(nr suh.-,t 'tit ted furrov,,,
irrigation for the sprinhkler Set-u:: u;Od ere, overall co.ts
would drop to $99.47. Sprinkler rri,.atuw wlm preferred tofurrow irrilation as the systern twas sini lt< oer tta and more 
water effIcient. 
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IV. ariet trials
 
No further variety testing been
has done by BSP in Puerto Rico
in FY 80. However, some maize and soybean variety trials were
.Continuedin- Brazil- for in-otrypurposes. 

A maize composite population improvement experi,-nt was initia
ted in 1979 to produce throuch mass ielection a variety of maizespecifically suited for the condit.ons found in Jaiba and north
ern Minas Gerais. 
The first !,lanti,, (cycle 0) comrised 88varieties of maize from a world cernmplasm collection cornposited
of equal representation and reco.ibined for the next cycle.

During the October 3.979 
 to SeFptelber 1980 period, two additional 
cycles of this composite were 
1lanted and harvested. While

selection pressure was kept at a minimum in the early cycles
to prevent too great loss
a of gonotic varia oni (inbreedint

coefficient <5%), the effects of selection for desirable plant 
type plus natural environment se.lecti-.oj pLc.!s.ures producedpronounced changes .in the observed charit w:ristics of thic, pop
ulation. Alon morewith plant height o.nuiformiitv in ge nural,changes occurri ncr included p1ants less susceptible to lodcinq,
somewhat lower in height, healthier, with a tendency towards
prolificacy (more than one er) This is a continninu experi
ment with a new plantinc 
 fu. 1lowi.noU the ha rvost and selfection 
of each cycle.
 

Two Brazil national maize variet',it-iais worf, plAPted in
Noven'ber of 1.979 at Jaiba. Trial s such ., those are planted

in much of Brazil, vi.th 
 .ieOd suiptl Aod by, E'IBRAPA. One of thesetrials consisted of C' hybr iici var oe:i s otf r(r;.rma maturincq
material, while the ,ther va :(1Irpo, t of 2 v. rit.ics and 

t 
hy

brids selected for ,?ariy naturit ,)',och,s). !t,: two eXpe ri
,mentswere pla nted ad.jacenLin ce-.I f t' radom'i bi ock 

WitsIoclsfOr1" rop-, t itI(Awith (Lcq ot .1 ()fi thjf cia(la

'-vse trI ais 
national 

h, I, n fo:wa r& c. o k'hAI,'A :I) wjthml ~ze h, h i>; 
as oa HIJ.o"trials; v :H , I.-,_<)',-- c*;]yri.od out inl Jaiba 

Jesults t'm wi.1 I p)u_ II S ( a tna u a ]. r. c: Il t ion iai,
 
ida 1o 
Cd !t (Id thr Cu q h ut L:i 1. 

http:se.lecti-.oj
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A small soybean observational trial was 
planted in January 1980
 
and harvested in April. Fertilizer was broadcast at 
the rate of
 
25, 30 and 25 kg of N, P and K, respectively, per hectctre. 

varieties, from cum'non -ones such-as Davis and Lancer, to speci
fic IPB lines, were planted at 
a density of 500,000 plants/ha.

Soybean yield for these varieties ranged from 2925 kg/ha for
 
IPB selection 242-77 to 
5111 kq/ha for Lancer and 5613 kq/ha for
 
IPB 616-76. The average yield over 
all varieties was 3969 
kg/ha.

These data, in line with previous IPB experimental data on soy
beans from Jaiba, indicate the hich r)tential this area possesses
 
for irrigated soybean production.
 

DISSEMINATION AND UTILIZATION OF PROJECT CONCEPIS AND RESULTS
 

I. Stratey_ Planninj Meet incm 

in an effort to pave the way for an 
effective utilization of the
 
principles underlyinq the Benchmark Soils Project and 
 concepts 
related to it, 
a Panel Consultation on 
the Strategy for Land
 
Evaluation and Agrotechnology Transfer in the Tropics and Sub
tropics 
was hold at the headquarters of the Food and Agriculture 
Organization (FAO) of the United *Nations in Rome, Italy, from 
10 to 12 March 1980. 
 The meetiny was i.nitiated by the Puerto
 
Rico project, orcani7ed Jointly J)y th1, BQP 
and FAO, and hosted 
by PAO. 
In attendance were twent-two di stinguis hed soi[ scq-)tists and 

administrators of natiCnal ,and i.ntornati ona] prourars. The' 
represented ACSAD, Syria (.);(1); Al) Cornell Universit,' 11);
EMB.APA, Brazil (1) 1 VPAMIG, IBrazi.l (]); FAO (8) FIGtNR, 
Fecleral Republic of Gerwany 
, (I'): T_9M, The Netherlands 1):
ORSTOM, France (I); University ,of h,.,l qLIgiumn (2); [ISDA-SCS 
(]); and the tlawait and Puert 
o Ric t3s5 (3). 



The 	 intent of the meetinq was to develop a strate.y for land 
evaluation research soil-basedand transfers of agroproduction 
technology at an international level in the tropics and sub
tropics. The 	specific objectives were:
 

1. 	 TTo d vise a fr amework for the effective utilization 
tranference research that comhines national and 
international efforts and promotes the application
 
of its results in development work,
 

2. 	 To determine what needs to be done by whom, when, 
where and how to establish the relationships 
between soil characteristics and crop requirements
 
in order to obtain a sound basis for soil survey
 
interpretation and land evaluation, and 

3. 	 To assist the Benchmark Soils Prrnject in dovelopino 
a modus operandi for the utilization phase of the 
Project within the context of -. e comprehensive 
international efforts.
 

The 	 format of the program emphasized discussion an-l 	 dialov'ue 
rather than the formal presentotion of papers. There were six
 
technical sessions; devotedone to the presentation of back
ground information 
and 	 five to the vireilus aspects of the qeno
ral 	theme of the meeting.
 

The outcome of the meeting is sumpiarized in the recomweniatinfis 
of the Panel Consul.tation that were publ[shed an BSPT Leafit 
03-E in October 1980. These recomqrhidations will enab-le the 
BSP to develop a scientifically sound otilizat.ion phase r< the 
project that has been tentatively n0med "International Roneh
mark Soils Network for Agrotechn0oley Transfor" (TI.NA ) . Th| 
goal of this program would be to accoe 'Y.,te the Olo%- of aqro
technology from research 
 centers to tair,er f Ields. It" oho:-
tives include (M) to establish ka ni:ctwi0* of collaborat ifn 
national and international aqo r- uJ]tuira reserch coitcrs tI 
the tropics and subtropics, (Ii) to dieV, an |pprotr ate 
mothodologsy for horizontal. and v. rt cva isers oft' aI-retechi(I 
no loy, (iii) to 2oordina to -Is1~t 1-sct ic rrear-c'h condu:tod 
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at the participating centers and centrally analyze the results
 
of this research, and (iv) 
to establish a scientific infrastruc
ture conducive to effective knowledqe transfers.
 

To the exte nt 
rea I.sticallv possible, the Panel Consultation
 
achieved its objectives as stated above. 
The success must he
 
attributed to 
the high professional caliber of the participants,

the congenial atmosphere of the discussions, and 
to a well-con
ceived program that provided 
a specific framework for the deli
berations.
 

1I. Field Day at Jaiba, Brazil
 

To familiarize a larger in-country audience with 
th' philosophy,

research and implications of thtc 
Benchmark Soils Project in
 
Brazil, a BSP field day was 
held at 
Jaiba and Janauba in October
 
1980.
 

The meeting was convened by EPAMIG, UPR's collaborating agency

in Minas Gerais, and its president extenlded 
 personal invitations 
to all relevant organizations llividL1,]s Minasand i in Gerais
 
and to EMBRAI'A, 
 the national reso.arch agency. 

Forty-seven professionals representinci universitics, 
national
 
and state agencies, private comr[a~nes, and various research,

development and extension aqencies 
 mainly from inas rheraIs 
participated in 
the field day. Theyuiiclud d 6 acronomists, 
7 soil scientists, I hortfculturist, I c.iriatolooist, 10 irri
qation specialists, 3 veterinari ans, 
 10 extonsion spocialists,
2 professors of soil scienne, I for ue peiallst, I forester,
and 5 other profession.a.is. 
 rhe diverse orofessional concerns 
of the participants ilustrate the %.:ide .interest. in the BP
 
concept of agrotecllnology 
 traiusfer. 

The 3-day event Included a first-OV!UV rJ
1 or ien ta tlol se.si'on,
followed by a full day of on-site fnnpe,'t.i.n. lfuqe sell pits
had boon xcavattd to allow thil patjc ILS toI Ip sltUdy t CioSOJ
 
prof le. The final mo niorngi wos spent suPtriin LIp the previous
lays' experieri es, ,Ahich was followed by tive]., sa dfl onperiod. At thr. conclusion of th. i(:!l0 doay, each noArt.tIfpent 

http:profession.a.is
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was given a prepared set of brochures and general 
information
 
about the BSP along with an official certificate of participa
tion. 
 For all concerned, the field day achieved its objective
of creating a keener awareness of the Benchmark Soils Project

nin
Minas Gerais and demonstrating 3ur sizeable research efforts
 

in the field.
 

III. Soil Classification Workshop
 

The Third Intern&tional Soil Classification tWorkshop 
--centrally

related to the BSP but funded under a separate grant from AID to

UPR--
 was held in Syria and Lebanon in April 1980 with a Eollo,
up meeting held in Athens, Greece, in May 19P0. 
 The local spon
sors of the workshop were 
the Arab Center for the Studies of

Arid Zones and Dry Lands (ACSAD) in Syria and the Soil Science
 
InstituLe of Greece. 
 It was the third in 
a series of MUD-suo
ported workshops organized by UPR in cooperation with host
 
country agencies with the objective to adapt Soil 
Taxonomy rela
tive to the soils of the lower latitudes. The Syria/Lebanon

workshop focused on 
the taxonomy of soils of dry areas and the
 
redefinition of soil moisture regimes.
 

IV. Publications
 

Dr. Nyle C. Brady, editor of Advances in Agronomy, invited Drs.

F. H. Beinroth and G. Uehara to Prenare an article on 
the bench
mark soils concept for the 
.980 issue of this prestigious journal.

To ensure a complete and authoritative coverage of 
the subject

and a paper of high professional standards, Drs. R. W. Nrnold,

F. B. Cady and J. A. Silva were 
included as co-authors. A

60-page manuscript entitled "Agrotechnology Transfer in the
Tropics based on Soil Taxonomy" was prepared. 
After edlitina by
the UH/BSP publications specialist, Cynthia L. Garver, It was

submitted to Dr. Brady in November 197Q. The paer has subse
quently been published in Advances in Agronomy, Vol. 
33, pp.
303-339. It anticipated that paperis the will create a wide 
awareness of the rationales underlying the Bonchmark SoIls 
Project In the scientific comnunity.
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S. P. Nightengale, J. Badillo and G. L. Spain completed 
a paper

that summarizes the results of 
the maize variety trials conducted
 
in Puerto Rico. The manuscript was submitted for publication in
 
UPR's Journal of Agriculture.
 

Four technical articles on- the Benchmark Soils Project and its 
work in Brazil, together with an interview with UPR's Principal 
Investigator, were published in Portuquese in the "Informe
 
Agropecuirio," 
a Brazilian journal of agriculture (no. 61, 
pp.
 
69-79 and 83-84).
 

F. H. Beinroth prepared a paper on the stratification of the
 
agroenvironment by Soil Taxonomy which he delivered at the Work
shop on Agrotechnology Transfer held at 
the College of Tropical

Agriculture and Human Resources of the University of Hawaii in
 
August 1980. 
 The paper wiil be published in the proceedings
 
of that workshop.
 

Laboratory data and descriptions of the soils of Puerto Rico
 
project were compiled and published as BSP Technical Report 5
 
in November 1979.
 

"Benchmark Soils News", 
a newsletter with a feature story, re
search highlights and related miscellanea combining contribu
tions from personne of the two projects was again published

quarterly by the University of Hawaii for worldwide circulation.
 

WOPKPLAN FOR COMING YEAR
 

I. General
 

The first extension of the tTPR/BSP, contrict AID/ta-C-1158,
ended in December 1980. A one-yvar t:rie extension without addi
tional funds was requested In October ]98f0 and was subsequently
approved under amondment no. the1) to conttract. Applyino 
stringent measures of austerity, the & vtt unused project
funds should be marqinally suf"icient t:(-, conclude the act~vL
ties detailed bolow in an aclequate marncrt. 
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II. Agronomic Field Work
 

As of 1 October 1980 there were nine experiments in progress at
 
the BSP sites at Jaiba in Minas Gerais, Brazil. These experi
ments 
include six transfer experiments and three management
 

,,..experiments, (mulching, polyculture and maize composite forma--......
 
tion). All experiments will be harvested by December 1980.
 

III. Laboratory Studies
 

An approximate total of 600 more soil samples will be analyzed
 
for P, N, bases, and oH. The analytical data are needed for
 
the statistical test of the transfer hypothesis. Laboratory
 
work is expected to be concluded by May 1981.
 

IV. Data Processing and Statistics
 

The raw data of the last set of experiments and the corresponding
 
analytical data will be compiled and processed for statistical
 
treatment. 
 Weather data from all sites will be tabulated and
 
summarized.
 

Dr. Larry A. Nelson of North Carolina State University, statis
tics consultant to the project, 
will statistically analyze the
 
results of the various experiments conducted in Puerto Rico and
 
Brazil using standard multiple regression and analysis of
 
variance techniques. Transferability will be studied using
 
models currently being used by the Hawaii project, and attempts
 
will be made to study this aspect with other techniques. The
 
study of transferability will he made 
 mainly for the IEutrustox 
of Puerto Rico and Brazil but Hawaii Eutrustox data will be 
brought into a combined analysis. 

Dr. Nelson plans to spend some days In Puerto Rico in ate April 
1981 to discuss his work with project staff. 

V. Dissemination
 

UPR project staff will propare papers on the rationale, con
cepts, results and implications of the Benchmark 
 Soils Project
 
to be delivered at the following moetirncqs:
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- Primera Conferencia sobre Transferencia de Tecnoloctfa 
de Fertilizentes en Puerto Rico, to be held in IMlayaouez,
 

Puerto Rico from 9 to 11 December 1980 under the sponsor
ship of the University of Puerto Rico and the Tennessee
 

Valley Authority,
 

- International Conference on Soils with Variable Charge,
 
to be held in Palmerston North, Now Zealand from 11 to
 
18 February 1981 under the auspices of the New Zealand
 
Society of Soil Science and the International Society
 

of Soil Science,
 

- National Work Planning Conference of the USDA Soil
 
Conservation Service, to be held in Washington, DC
 

from 6 to 10 April 1981,
 

- Fourth International Soil Classification Workshop, to
 
be held in Rwanda from 2 to 12 June 1.981, and tentatively
 

- Inter-American Symposium onl Agro-Climatic Modeling and 
Information Systems: Their value and adaptaticn in 
developing countries, to be held in Caracas, Venezuela 

from 21 to 26 September 1981 under the sponsorship of 
the Aspen Institute's Food and Climate Forum.
 

The preparation of technical manuiscriots for publication Jn
 
professional journals will continue in 1981 and beyonld proy'ject 
termination. The of papers is to theintent these document 
agronomic work of the BSP and miake the wealth of data and in
formation gbnerated by more than 130 ftiei.d experimonts, and 
laboratory and statistical studies acos.ible to the scientific 

community.
 

VI. Administration 

Upon the conclusion of project aictivities in Brazi, tho custody
 
and control of equipment purchsed wtth cunltrocots funds will he 
turned over to EPAMIG, pursuant to Clause 15(c) of the Addi
tional General Provisions, Similar action will u t aken later 
regarding the BSP eqiiipmont located in Puerto Rico. 
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Prior to contract termination all other pending administrative 
matters, and financial and personnel aspects will bo resolved
 
in an orderly fashion and in accordance with university and
 
AID regulations.
 

VII Final Report
 

A comprehensive summary report of appealing form and suhstance
 
will be prepared, published and widely dlistributed in 1981. The 
report will summarize the work conducted by the UPR/BSP ovor a 
period of six years in Puerto Rico and Brazil with particular 
emphasis on a critical analysis ot the transfer hypothesis 
underlying the project. 
 It will also highiight the salient 
findings of the twenty-two variety trials and thirty-thrve
 
management experiments conducted during this time. AlthougJh 
these were of peripheral importance to the central objective 
of the project, they yielded results belived to be of con
sequence to the proper utilization of bitrustox by srrill far,,ors 
in LDCs. 
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APPJ1-DIX A 

U.Lperimeto co~nducted It Ysalbla'iAqrlcuIturalj Fqk*ltl t~tej 

1. SOYIbz'a Uni forrmdty Pr inr%r 7-24-75 IO2O7 
R7.soba Trnnsfer!/ (Pd%) Ptivrwy 3-05-76 3-0-1-7u, 

3. T1ioransfer (PXK) Wrmwt 4-012-76 8-06-76) 
4. Mal ze Varety x r Primly Wt 5-14-'76 e-30-70 

5. Vriey xP PittiryWot 7-11-76 1-57 
6. Suybe~n Transfer (Nx) U. u!~irt 7- 30- 76 11-29-76 

'nzo3". Transfeor IN~K) 1kt dtcnivU$- 6 Ut 1-16-76 
8. Syboan P x I\'llat Y x Var. PrItn~ry Wt 9-05-76 133.77 

So&ybe~an Trainsfer PxW0 &dcKiry 41 Dry 1JkO9)76 3-28o77 
Nazo1-14 Trainsfor MWxI) Ijnd*rj 41-11 76 4-id-77 
%-q~oan SooMxud Pr~paraticw, f~Atjl_ 01-13-76 5-31-77. 

y.&~bean Tramfwer (PxJQ 1Pr'my MY 121-76 4-14-77 
3. 4a~o Transfter Gmxg1 ~ 1r1hyy 12-22-76 4-20-77 

14. Mat zo POp1Ieonsrt x WlvIvr 1orlpoui 14"t 4-04-77 A-02-77 
maMazeI Wter (trrtq) x :4 Plikzlt 5-57 H-25-77 

'6. mka izo Tranx,z IPAt) Ir imln''t 5-20~-77 9-20-77 
MaiW~ze ?rnnA!mfur (Pxv, *t 


-.lize Variety x P 


L 140~.r 6-3k-77 9-27-77 

P~rnirIi.tv/f 15..14-77 
Mitoma. Transfer tPp dl PtmV, ~ ')7 1-7' 

m* z TransOfrprl I*il'1- 7-7 4, G-16 
Aa.oV~rlety Ory 0- 1- 7 4-10-7k 

trans5fer expariv'rnus,
 

G4x*rtmjnft Pri-v)'l 
 ad -III~ t~~~,~ 'djt'd fz;iJ 
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Experimnts conducted at Isabela Agricultural Experiment Station (cont'd) 
23. Maize Residual transfer Prinkiry Dry 1-12--78 	 5-22-78 
24. Maize Water (irrig) x N Prinviry Dry 1-18-78 5-31-78 

... Soybean.sdual transfe (Px*) -Semnda-y-#I ---Dry. 2-17-'. 724,78... 
26. Maize Residual transfer Secondary 41 Wet 4-10-78 
27. Maize Transfer Pri Ary Wet 4-25-78 	 8-08-78 
28. Maize Variety x P x N Primary Wet 4-25-78 8-10-78 
29. Maize %later(irrig) x N Primary Wet 4-26-78 	 rain damag, 

abandoned
30. Maize Trinsfer Secondary, #1 Wet 5-08-78 8-30-78 
31. kaize Residual transfor Prirtry Wet 5-10-78 8-28-78 
32. Maize Tillage (t1n. vs. Plcw) Primary Wet 5-16--78 9-11-78 

x Density 
33. Maize Transfer S(-cidan, #2 Wet 6-08-78 9-26-78 
34. Maize Residual transfc'r Pri iry Dry 11-17-78 3-21-79 
35. Maize Ranidua] transfer .5ccondr- #0 Dr , 11-17-78 3-19-78 
36. Maize Residual transfer Sccondary #2 Dry 11-21-78 3-27-79 
37. Maize Transfer 'rinv-wy Dr' 12-06-78 4-19-79
 
]8. M IIA Transfer 
 . d,ammdaif 1. 017 ] 2-06-78 4-17-79 
J9. IMnize Transfer Socc)ndary 42 Dry 12-12-78 4-24.-79 
0. Maize Water (irriq) n I: (;(ecyndairy #1 Dry 12-.4.78 4-30-79 

41 Maizei Ptrsdual transt,.r Sc'oodat, #1 t*ct 5-0U-7) 8-27-79 

142. *MaIze Thsiduil tiranst'vr cvndy i I We~t 5-02-7 	 8-27-79)(2rd r iduaJ) 
4•3. mt ze t"naidual, t rfns iorrim , y I¢A't 5-3- 7') 	 8-49-79 

44. Mn Izvg 	 rmuitr r Vo~!~r'I 1;-7- 79 9-06-79Vki.t 

,). Maize Tranof.vr PI iry 1 'f-I7') Q-07-7,? 

•r7 ....... .
 9-10-,
 

SMatzo i~ i 	 "n.izapI~fl'wry lwt 'O.79 i-I1 

http:12-.4.78


27
 

Exeriments conducted at Isabela Agricultural Experiment Station (cont'd) 

50. Maize Residual transfer Primarv Dr-v 11-14-79 3-19-80 

51 Maize Residual transfer Secondary Pit Dry 11-14-79 3-24-80 

32. Maize REsidual Lime x P Secondary #2 Dry 11-16-79 3-17-80 

53. Maize Transfer Priimry Dry 12-.-79 4- 7-80 

54. Maize Transfer Secoyndary #1 Dry 12-1-79 4-9-80 

55. Maize Transfer Secondary #2 Dry 12-5-79 3-41-80 
56. Maize Tillage x xopulation Primary Dry 12-7-79 4-].7-80
 

57. 
 Maize Water (irrig.) x N Secondary #I Dry 12-18-79 5-1-80
 

58. Maize Residual Transfer Pri-kiry Wet 4-22-80 8-1 1-80
 

59. Maize Residual Traisfer Second ry #1 Wet 4-22-80 8-12-80
 

60. maize ResichLa1 Transfer Secondary #2 Wet 4-2,1-80 8-1.5-80 

61. Maize 
 Transfe r SeconLary 42 Wet 4-25-80 8-19-80 

62. Maize Transfer Prinvry, Wet 4-29-80 8-22-80
 

63. Maize Transfer Secondary #1 Wet 4-30-80 8-25-80 

64. Maize P-placoment x levels Prinvry Wet 5-8-80 8-28-80 
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APPE2 DIX A 

II. Experiments conducted or assisted by BSP at Jaiba, MG, Brazil
 

E.pt. No. & CrPp Type of Expt. _ _ Site Season -,cun Terminated 

I. Maize Transfer- / (PxK) Prinviiry Wet 10-21-76 3-11-77 

2. Maize Variety x P Primnary Wet 10-26-76 3-15-77 

3. Maize Variety x Density Priniry Wet 10-28-76 3-16-77 

4. Maize Variety, Nat'l. Primary Wet 10-30-76 3-22-77 

5. Maize Variety Annex Primry Wet 1.0-30-76 3-22-77 

6. Soybean Transfer (PxK) Primary Wet 1.1-24-76 4-29-77 

7. Soybean Variety, INTSOY Primary Wet 11-25-- 76 2-.03--77 

S. Maize Transfer (PxK) Primary Dry 6-07-77 ]2-1.5-77 

9. Maize Transfer (P,4)/ Primary Dry 6 08-77 12-16-77 

10. Maize Irrigation, E-RRAPA Primary Dry 6-1.1-77 11-23--77 

]]. Sorghum Irrigation, EMBRAPA Primavry Dry 6-12-77 10-05-77 
2. Soybean Variety, T'Y]SOY Primary Dr, 6-23-77 [0-07-77 

13. Soybean Variety x P Primary Dry 7-11-77 .1-10-77 

14. Maize Variety x P Primary Dry 7-25-77 1-26-78 

15. Maize Density Prirmry Vket 11-06-77 4-17-78 
16. Soybean Density Primary Wet 11-08-77 3-15-78 

17. Maize Variety, Nat'l. Primar, Wet 11--09-77 4-10-78 

18. MVi ze Variety Primanr., Wet 11-10-77 3-31-78 

19. Maize Transfer Prinry Wet 11-10-77 3--31-78 

20. Maze 'ITransfer Secondary #L Wet 1.1-20 77 4-26-7d 

21. Maize Trnnsfor Seoondary 42 Wet 1.1-21-77 5-05-78 

22. Maize Trm;fqfr Pr: iru,, Dry 6-20--78 12-15-7R 
23. Ze7. R di:;ictuhI Tirnsfer lPr it y I)rt 6-- 78 12-1 478 

l/ Unless dtx;i cmat l ,j:, re:sidal, all tra!t ,,00 efa rirw. ntmn listed wo:re inti.ia]i 

transfer (2xr*,, inviit! 
./ l;>:,rim--nt. 

v,r aI)~.j1 ; 
B-9 ind aJ] trinsfor exri nints thereafter were with P and N as 
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Experiments conducted or assisted by BSP at Jaiba, MG, Brazil (cont'd)
 

24. Maize Transfer Secondary #1 Dry 6-20-78 11-29-78 
25. Maize Residual Transfer Secondary #1 Dry 6-17-78 11-22-78 

a 26. Maize Transfer Secondary#2 ......6-.19-78 12-05-78 
27. Maize Residual Transfer Secondary #2 Dry 6-19-78 12-02-78 
28. Maize Irrigation, EMBRAPA Primary 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 ]1-(6-30)-78 
31. Multicrop Intensive Mgmt. Primary Dry/Wet 9-10-78 Continuincj 
32. Maize/Sorghum Planting Schedule Prim-ry Wet 10-1 5-78 5-21-79 

EPAMIG 
33. Maize Varieties, normal Secondary #2 Wet 11-13-78 5-1-79 

E?IBPlAPA 
34. 

35. 

Maize 

Soybean 

Varieties, precocious 

E11BRAPA
Varieties, IPB 

Secondary #2 Wet 

Primary Wet 

11-13-78 

1-15-79 

5-14-79 

5-30-79 
36. 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 Secondary #1 Wet 1-12-79 6-12-79 
39. Maize Residual Transfer Secondary #1 Wet 1-15-79 7-06-79 
40. Maize Transfer Secondary #2 Wet 1-10-79 6-12-79 
41. Maize Residual. Transfer Secondary #2 Wet 1-12-79 7-06-79 
42. Maize Ccrposite Primary Dry 4-11-79 9-20-79 
43. Maize Transfer Primary Dry 6-06-79 11-22-79 
44. Maize Residual Transfer Pririarv Dry 6-2P-79 1-03-90 
45. Maize Transfer Scondary e I Dry 6-09-79 11-21-794 
46. Maize Residual Transfer SecoW~an, "1 Dry 6-2R-79 1-03-80 
47. Maize Transfer SecondaryI2 Dry 6-08-79 11  0-7 1 
48. Maize Residual Transfer S condary 2 Ory 7-04-79 1.-03-B8 

MaIze/Sorgum Irrig., line-source Pri.iry Ory 6-05-79 10-2A-7q

(M4ORAPA) 

50. 
 Maize Density X P X Irriq. Prfniny Dty 7-25-79 1-)5-80
 

49 
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Experiments conducted by BSP at Jaiba, MG, Brasil 
(cont'd)
 

51. Multicrop Intensive Mgmt. 
 Primary Dry/Wet 
 9-20-79 7-3-80
 
52. Maize 
 Transfer 
 Primary Wet 
 11-26-79 5-8-80
 
53. Maize 
 Residual Transfer 
 Primary 
Wet 12-19-79 5-30-80
 
54. Maize 
 Transfer 
 Secondary #1 Wet 11-28-79 
 5-7-80
 
55. Maize 
 Residual Transfer 
 Secondary #1 Wet 12-19-79 
 5-29-80
 
56. Maize 
 Transfer 
 Secondary #2 Wet 11-28-79 
 5-7-80
 
57. Maize 
 Residual Transfer 
 Secondary #2 Wet 12-19-79 
 5-29-80
 
58. Maize Composite, Cycle 1 Primary 
Wet 10-30-79 3-12-80
 
59. Maize Variety, Normal 
 Secondary #2 Wet 11-9-79 
 5-22-80
 

EMBRAPA
 
60. Maize 
 Variety, Precocious Secondary #2 Wet 11-9-79 
 5-23-80
 

EMBRAPA
 
61. Soybean Variety, IPB 
 Primary Wet 
 1-8-80 5-6-80
 
62. Maize P-placement x levels 
Primary Wet/Dry 2-8-80 
 6-30-80
 
63. Maize Composite, Cycle 2 Primary Dry 
 4-2-80 9-4-80
 
64. Maize 
 Transfer 
 Primary Dry 4-26-80 10-14-80
 
65. Maize 
 Residual Transfer 
 Primary Dry 
 5-17-80 11-5-80
 
66. Maize 
 Transfer 
 Secondary #1 Dry 
4-26-80 10-14-80
 
67. Maize 
 Residual Transfer Secondary #1 Dry 
5-23-80 10-27-80
 
68. Maize 
 Transfer 
 Secondary #2 Dry 
4-26-80 10-15-80
 
69. Maize 
 Residual Transfer Secondary #2 Dry 5-23-80 11-5-80
 
70. Maize Mulching 
 Primary Dry 
 6-29-80 12-17-8r
 
71. Multicrop Intensive Mgmt. 
 Primary Dry/tIet 7-11-80 12-24-Po
 
72. Maize Composite, Cycle 3 
 Primary 
Wet 9-19-80 3-2-81
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APPENDIX B 

Tab I e 2
 

,aize, Pioneer 
brand hybrid X304C', dry-season v ilds from initialtransfer experiment (BSP B-4,) pl,anted ,unt? 6 
 and harves ted November22, 1979 
 at Jaiba, MG, Brazil, pi-mary (Paraanrl) Sit:e. 

C Grain Yield, kg/ha- / 

53.3 +. 85 
 8112 
 8920 
 8656
 

40.3 ) +.40 9192 
 9187
 
4--)28.8 "0" 
 6233 8227 
 7503 
 7649
 
C) 

17. - .'10 5670 
 5905
 
4.3 "o -.85 1 3819 
 3705 
 3578
 

0 -1 2354 
 2185
 

Coded N Treatment Level
 

-1 -. 85 
 -. 40 
 #og +.40 4.85 

N kq/ha 

0 14 54 90 ]26 166
 

1/ Adjusted to 15.5% moisture, means of 3 replicates.
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Table 3
 
Maize, X304C, dry-season yields from initial transfer exporimnentB-45) planted (BSPJune 9, and harvestod....Brazil., second ary s itO #1l(. November 21, 1.979 at Jaiba,Cear , ) . ... ... MG,. . ................... ...... . ... . .... ' .....
 

26.6 

20.2 

14.4 

P-4 

o 

+.85 

+.40 

"0 6446 

Graiu 

8357 

7663 

/Yield, kg/ha 

8553 

7t34 

7106 
7583 

8181 

7740 

8.6 

2.2 

0 

V 

U 

-.40 

-.85 

-1 4243 

4492 

7376 

5682 

3675 

7420 

5207 

-1 

0 

Coded 

-. 85 

14 

N Treatment 

-. 40 

N kg/hal 

54 

Level 

"O" 

90 

+.40 

1.26 

+.85 

166 

.. / Adjusted to 15.5% moisture, moans of 3 replicatep;. 
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'Pable 4
 

Maize, X304C, dry-season yields from 
initial transfer experiment

(BSP B-47) planted June 8 and harvested November 20, 1979 at Jaiba,

MG, Brazil, secondary site #2 (Bahia).
 

Grain Yield, kg/ha - / 

53.3 4 
4J 

+.85 8278 7651. 3891 

40.3 +.40 7516 7794 
.c 28.8 4-)m "O" 71.72 7749 7358 7355 

-* 17.3 - -. 40 5411. 5916 

4.3 , -.85 3357 4161 
 5533
 

0 0 -1 3899 4838
 

Coded N Treatment Level 

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

N kq/ha 

0 14 
 54 90 126 166 

1/ Adjusted to 15.51A moisture, means of 3 rc(plicates. 
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Table 5
 

Maize var.iety X304C dry-seasin yields from initial 
transfer experiment
(BSP PR-53) planted December 1, 197c and harvested April 7, 19-90 at
Isabela, Puerto Rico, primary site 
(RamafL.
 

Grain Yiel kg/ha
95.2 +.85 5081 6489 7378 

72.1 c +.40 5921 6953 
r 51 5 4 "0" 3329 4414 6268 7280 

N 
30.9 

C) 
w -.40 5758 7007 

7.7 -.85 5396 6915 7561 

0 V 
0 

- 1 4136 6386 
U 

Coded N Treatment Level
 

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

N, kg/ha
 

29 
 71 108 144 186
 

I/ 
Adjusted to 15.5% moisture, means of 
3 replicates.
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Table 6
 

Maize variety X304C dry-season yields from initial 
transfer experiment
(BSP PR-54) planted December 1, 1979 and harvested April 9, 1980 at
Isabela, Puerto Rico secondary site (Cerro).
 

Grain Yield, kg/ha
 

57.7 w +.85 6249 7375 7891 

43.7 41 +.40 7235 8127 

S31.2 - t 6346 6248 7165 8237 

18.7 -.40 7278 7873 

4.7 a -.85 6489 7163 8513 
0 

V 
- .1 6338 76].6 

0o 

Coded N Treatment Level
 

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

N, kg/ha
 

0 29 71 108 144 186
 

1/ 
Adjusted to 15.5% moisture, means of 3 replicates.
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Table 7 

Maize variety X304C dry-season yields f rom ini tia 1 transfer
(BSP PR-55) planted December 5, 1979 and harvested April !)1
Isabela, Puerto Rico, secondary site (Calero). 

oxperiment 
1.980 at 

(Grain Yield, kg/ha 

U% 

48.3 

36.6 

26.1 

15.7 

3.9 

0 

4J 

) 

0 

+.85 

+.40 

-.40 

-.85 

- 1 

4553 

5195 

5238 

4582 

5032 

5708 

6745 

6416 

6311 

6763 

5843 

6938 

6917 

6942 

6878 

6932 

- 1 

Coded N Treatment Level 

-.85 -.40 "O" 

N, k/ha 

29 71 108 

+.40 

144 

+.85 

t86 

I/ Adjusted to 15.5% moisture, means of 3 replicates. 
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Table 8
 

Maize, X304C, dry-season yields from residual. transfer experiment (BSP 
B-44 following B-36) planted June 28, 1979 and harvested January 3, 
1980 at Jaiba, MG, Brazil, primary (Paran,) site. 

WGrain Yield, kq/ha ] 

,Z 

53.3 

40.3 

4.) 

w 
14 

+.85 

+.40 

5250 

5054 

5059 

3906 

4692 

28.8 "O" 3393 2895 2963 2969 

-E-

17.3 -.40 	 2368 2082 

4.3 ru -.35 1107 1.112 	 1.663 
0) 

0 -l 949 	 1262 

Coded N Treatment Level 

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

N kq/ha 

0 14 54 90 126 166 

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

2/ 	 Phosphorus was applied only to the initial transfer experiment; 
N was applied to both initial and residual trials. 



Table 9 

Maize, X304C, dry-season yields from 	 residual tranIsfer experiment(LISP B-46 fol].cwinq B-38) planted June 28, 1.979 and harvested January
3, 1980) at Jaiua, MG, Brazi.], scondary site #1 (Cearl). 

/Gra tin Yield, kg/ha 

26.6 4 +.85 	 4454 
 4451 
 4122
 

'i 	 20 3797 	 4456 

14.4 (u "0" 1 4273 4.141 	 3775 3729 

8.6 	 0 -. 40 J 3193 3161 

2.2 	 -. 85 3039 3302 2299 
0U -I 2670 	 2354 

Coded 114Treatment bevel 

-1 -. 	 " +.40 +.8 

N k qIla 

0 14 54 90 126 166 

I/ Adjusted to 15. 5i. moisture, moons f . rolel icates. 

2/ Phosphorus was .ipp 1Lsd ,, 1y 	 t, tle ittl1( trnsf.r ,eime'tl
N WaS appl] c:(l to bnth inlt l,: mi rc;v'iduIl tri.:".q 
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Table 10
 

Maizo, X304C, dry.season yields from residual trdlnsfr experiment
(BSP B-48 following B-40) planted July 4, 1979 ard harvested January
3, 1980 at Jaiba, MG, Brazil, seconddry site #2 (Bahia).
 

Grain Yield, kg/ha.V 

53.3 +.85 3218 3748 4363
 
40.3 +.40 
 4203 
 4203
 

28.8 " 3641 2493 3142 4186
 
17.3 4, -. 40 3191 3927 

4.3 0 -.85 2140 3271 36,9 
0 -1 2235 3874
 

Coded N Preatmont Level
 

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

N kq/Iha 

0 14 54 90 126 166 

.1/ Adjusted to 15.511 moloturo, moans of 3 roplicates. 

2/ Phosphorus was applied unly to the Initiil transfer exporiment;N was appli.d to both initdtl and rooldual trials. 
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Maize variety X304C day-season ycild from residual transfer experiment(BSP PR-50 following ............ 1-980- at 1bJ
PR-45) planted November 14, 1979 and harvested
a'h 19, 	 abel1ai ,Puerto- Rico, prli ry amite (Ramn ltj ......................
 

Grain Yields, kg/ha

83.] 
b-4 

+.85 4038 6051 5502 

62.8 41 4.40 5032 6402 

2 44.8 4182 4686 5835 5692 
* 26.9 c -.40 5222 6394 

6.8 	a. -. 85 4091 5019 6744 

0-	 1 3769 6164 
0 

Coded N Treatment Level 

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

N, kg/ha 

0 29 71 108 144 186
 

I/ AdJusted to 15.51 moisture, moans of 3 roplicates. 

Phosphorus was applied only to the Initial transfer experiment;
N wao applied to both initial and residual trials.
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Table 12 

Maize variety X.304C dry-season yields from residual transfer experiment(BSP PR-51 following PR-44) planted N.......... at~isabcola, PUcrto i.. ilv,..mber harvested
March 24, q980 14, 1979 and 
t~~~ io, secondary'silte (Cerro)....................................
.... . ~R ...c s eic- o- ...........
.... - ...... . .. ... ........
 

Graiin Yield, kg/ha
'

41.9 > 4.85 6175 7980 7387 

32.4 4= + .40 7160 7299 

22.6 j "0" 4477 5073 7603 8229 

19 13.7 -.40 7] 42 7652 

3.3 a -.85 6644 7372 7969 

0 o 4699 6964 

Coded N Treatment Level 

- ] -.85 -.40 "O" +.40 +.85 

N, kg/ha 

0 
 29 71 108 144 186
 

.j/ AdjUsted Io 
15.5 moisturc, meanls of 3 replicates. 

t/ Phosphorus was appl hd only to the initial transfer experiment;N was app]led to otth niti. aiind residual trials. 
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Table 13
 

'Iaize, Pioneer brand hvbrid X304C, wet-season yields from initial
-ransfer experiment (BSP B-52) pilanted November 26,-19_79..and.. arvested Ma y ' 8,]A980 at -Jiaba, MG, Brazil , primary site (Paran,) 

w 
Grain Yield, kg/ha 

26.6 

20.2 

14.4 

8.6 

2.2 

0 

4 

E 

c 

0 

+.85 

+.40 

-. 40 

-.85 

15327 

14094 

7078 

6702 

3188 

6002 

5118 

7307 

6361 

2794 

2868 

6942 

6104 

7039 

6101 

4525 

-1 

0 

Coded 

-. 85 

29 

N Treatment 

-. 40 

N k4/h a 

71 

Level 

"O" 

108 

+.40 

144 

+.85 

186 

.1,/ AdjuStOd to 15.5'1. 4noisturr, mns of 3 replicates. 
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'Pablo 14
 

Maize, X304C, wet-season yields from initi"lI 
 tranJsfer experiment (BSI--54)planted November 28, 
1.979 dand harvested May 7, 1980 at Jaiba, MG,Brazil, secondary site #1 (Cearl). 

Grain Yield, kg/ha l / 

20.2 W +.85 
 7197 
 7625 
 7680
 

15.3 4J +.40 7597 6830
 
10.9 "0 i 6175 6496 6876 8251
 

6.6 4 -.4001 5753 5929 
a 1.6 0 -.85 j 58L4 6286 6018 

0 u -1 4372 6578
 

Coded N Treatmetnt Level 

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

N kq/ha 

0 29 71 108 144 186
 

11 Adjusted to 15.5%, moisturo-, inov ns of I rop i[cates. 
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'-ible 15 

Maize, X304C, wet-season y I dti foln ir tial transfer exporimnent'3-56) planted November 28, (BSP1979 aind harvested May 7, 1980 it Jaiba, k(,frcazil, secondary site #2 tWahla) 

.
Grain Yield kq/l ii/ 

38.9 +.85 6884 
 7439 
 7975
29.4 f-.40 
 6045 
 6635
 

1..0 E '0" 
 5504 6000 
 6270 
 6826

12.6 ( -.40 564 4 
 6222
 
3.2 a, -.85 4 5.34 3966 
 4203
 

o 3418 

4513
 

0 

Coded N Trot.m,,nt level 

-I -. 85 -. 40 110"4 +.40 +.85
 

N k/h a 

0 201 
 74 108 144 
 186
 

Ad7js tcv tot o ; rnivJ ;tiiu~ r r 1* 3~.r c 1iicat es 
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'ble 16 

"lize variety X304C wet season yields,ISP PR-62) planted April 29 
fr,m initial trapsfer eperirentanid h,.irvsted Auqust 22,......t~~t ... , Pr im arY-,S i t oe-(Ra ma I1Y 1980 a..*.o 
 .
 

Grdain Itp ] d,, kg/hd 

77.9 
 +.85
4a I 6860
~690068 
 6860065
 
9. 40 j 7877 

S"0" 7039

42.1. 

6264 
 6599
C-4 7083
 748 2
 
25.3 :a 
 -.40 
 7884 
 7832
 
6.3 
 J -. 85o 7461 
 6886 6990
 

0 6164 7473 

(oCndo:d N 
PrvatMf.t Levels 

-.8a5 
 ".40 
 "" 
 .n40 +.85 

N, k/h4 

0 29 
 Ii 
 144 
 186
 

Adjustd 
 . m.
rltur, ,, 
 , 3 repl ctts
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.bIe 17
 

"1.izo variety X304C wet-scason 
yields fnom initial Lrazsfer experimentCSP PR-63) planted 
*

April 30, and ha rvested Auqust 25, 1080 at
2 to'rto Is9abola,Rico, socoilazry siteL (Cern',,). 

Grain ie Ilds, 

59.2 +.85 5,475 
 678.3 7304
 

44.8 .40 
 6924 
 7011
 
S32.0 62 84 6164 
 ()905 6331
 

19.2 E -. 4o 6151 
 6870
 
4.8 ' -.85 
 60 38 
 705'" 6258
 
0 - 1 490.3 6858
 

--.•010-.40 "." 
 .40 
 85
 

.N, kq,/If;
 

() 29 
 71 10c-1" 144 
 186
 

l/ Adjuutod to , . r 4,-, ',r , ' repi5.1ts. 

http:�010-.40
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Table 18 

Maize variety X304C wet-season yields from initial transfer experiment(BSP PR-61) planted April 25 and harvested AuUust 19, 1980 at Isabela,
Puerto Rico, secondary site (Calero).
 

Grain Yield, kg/hal! 

51.9 +.85 5853 6938 7745 

39.3 +.40 5819 6416 

28.1 
S. 

¢ 0 I 3494 5187 6867 5160 

16.8 40 6614 6033 

4.2 . 4706 6238 5882 

0 - 1 4477 5989 

Ctided N T[reatment. Loveis 

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

N, kg/ha 

( 29 71 108 144 186 

I/ Adjusted tO '.5 moisture, I1011s of 3 repliciates. 
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Table 19 

Maize, X304C, wet-season yields from residual transfer experimentPSP B-53 following 13-43) planted December 19, 1979 and harvestedMay 30, 1980 at Jaiba, MG, Brazil. primary site (Paran5). 

Grain Yield, kg/ha- / 

53.3 Q) +'85 6473 7625 7078 
40.3 4 + .40 6804 7701 

I "28.8 't" 4[48 6757 5618 6483 
17.3 $ -.40 4017 5705 

4 4.3 04 -.85 1 3839 3951 4807 

0 o 3604 3545 

U 

Coded N Treatment Level 
-i -. 85 -. 40 11O" +. 40 +. 85 

N kq/ha 

0 29 71 108 144 186
 

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

Phosphorus was applied only to tile initial transfer experiment;N was applied to both initial and rc1idual trials. 



49 

Table 20 

Maize, X304C, wet-season yields from residualB-55 following B-45) planted December 
transfer experiment (BSP

19, 1.979 and harvested May 29,1980 at Jaiba, MG, Brazil, secondary site #1 (Cearc).
 

Grain Yield, kq/hai /
 

26.6 +.85 6921. 6963 5995 
20.2 +.40 6022 6924 

m 14.4 4- "0" 5388 6367 5907 6022 
' 8.6 -.40 6269 6186 

2.2 0 -. 35 3997 5568 5473) 

0 0 -i 3811 5324 

Cudced N Tratrmnt Lo ve1. 

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

N fkq/ha 

29 
 71 108 
 144 


I/ Adjusted to 15.5v, mcilstur(, l11a8rl o(,f 3 r-plicates.
 
2/ Phosphorus was applied only to tho tn itiail transfolr experIrmentL;N was applied to both initfal and residu..il t. id]s. 

186 
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Table 21
 
Maize, X304C, wet-seasun yieIds Urom 
rosii dual transfer ,xp eriment C1SPB-57 following 1-47) planted December 1B, 1979 arnd hcrvestod May 29,1980 at Jaiba, MG, Brazil, secondcry s]t:e #2 (ahf.a. 

..........
 

Grain Yield, 

53..3 > +.85 7090 7296 
40.3 +.40 7168 66J6 

S28.8 EO 330 5314 6396 6652
 

17.3 ¢ - 40 1 4889 5hY) 
4.3 a, -.85 
i 3268 
 4560
v (6211 
0 ) -1 15021 5152 

IV i
0 

Coded N "Pj,1t"tmnrt LoVel 

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

N kq/ha 

0 29 71 108 .144 186 

1/ Adjusted to 1.5. mo1)turo,, ine,ntis of i rcplicattes. 

?/, Phosphorus was applied only thet,,. itnit.ial trarlsfer oxperiment/N was app]led to both i12tl41t and residual tnr slu. 



Table 22 

Maize variety X304C wet-season yields from residual transfer oxper.i ment 
(BSP PR-58 following PR-53) planted April1 22 and harvested Auqust I],
1980 at Isabela, Puerto Rico, primary site (Ramal).
 

1/~
 
Grain Yields, jkq/ha-

,-4 

95 .2 +.85 2433 5684 	 7t32 

72.1 +.40 	 3906 6796 

51.5 4j " 1108 2268 5737 	 6876 

30.9 -.40 	 4488 6211
 

7.7 a4 -.85 2765 	 5373 7577
 

0- 1649 	 5761 
0 

Coded N Treatments 

- 1 -. 85 -.4(} "O" 4.40 +.85 

N, kq/ho 

0 29 7] 108 1-44 L86 

1/ 	 Adjusted tro 15. 5r%moistur,, nian, f ro)pt'atei . 

2/ 	 Phosphorus was applied , l, to the i iatial. ti.isfer experiment:
N was applied to both ini.til]a and ro'-iUAii expet'imoits. 
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Table 23
 

Maize variety, X304C wet-season yields from residual 
transfer experiment
(BSP PR-59 following PR-54) planted April 22 and harvested August1980 at Isabela, Puerto Rico, secondary site (Cerro). 
12, 

G;rain Yiold, kq/hai -/ 

57.7 . +.85 3461 7315 9020 

43.7 +.40 5763 8008 
"n 31.2 foo 2879 4372 6754 9054 

a 18.7 m -.40 6228 8004 

4.7 
0 

-.85 4974 6618 8285 

u -2I 2582 7021 

Coded N Treatment Level 

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

N, kq/ha 

0 29 
 71 108 144 186
 

I./ Adjusted to 15.52 moisture, Itillgn of 3 repl cates. 
2/ Phosphorus was sppliod to the initial trannfor experimint:

N was applied to both t.nittal and residual trialn,. 
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Tablo 24 

Maize variety X304C wet-soson ylclds from residual trtansfor eXptwrtmnt
j3SP PR-60 following PR-55) plhiLod Apr1l 24 and harVested Auc;'.wt 15,
1980 at Isabola, Puerto Rlco, s~condckry stte (CaOIro), 

GrMn YWd 

4d.3 +.85 3157 5677 6219
 

36.6 +.40 5272 6400 

26. 2172272 3013 5517 5061' 

-. 15.7 0, -.40 I 49)48 5610 

3.9 -.85 3174 5927 698" 

0 -1 I 2705 4807 

Codtd N Trolitlwcit L.vLvol 

- I -, -. 40 .40 *.5 
N.k(j/'ha 

0 OR 144 

I/ A'JJusted to 15.50' mcIturv, merm of 3 rotti (:,I;i)I t . 

21 11hosphorum was ap.l id ,rely tf (ttw ttit.l trmnfs!ir vxpormlmiit;
N wdn applied to both ili itii a rs dualt trI'it.. 

http:Auc;'.wt
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Table 25
 

Maize varioty X304C dry SOMoA 
 y clds from n it:roqun x irriqation
oxperimont (3SP 
PR-57) pilant.( I)ecomber 18, 1979 aind h trvested
May ., 1980 at Isabtel, Pueto Rico, 
 socv nda1ry si t 1 (Cerro) 

Grain YMild, kq/hak/
 

320 5236 6961 8394 
 8750 9201 8794
 

m 160 4894 6553 7569 
 7843 9160 7541 

80 4244 5916 6097 5742 5983 6173 

*. 40 3981 5r 3C 16.' 4940 4315 4338 

20 3607 44o; 3737 401" 3548 3638
 

0 j3106 3499 3f, An 2985 3330 

0 if) 00 9) I20 150 

trriq t ion t 1HIe, minute t / 

!/ Adjontd to 15.5; mwi(t o 

I/ Wator wan1 appli d t hr('uh tw: 0-w, I I trichkle i rriqal:i,01 tUbi.nq
with B" )x 40" 
t)le siic ',oI t.o'E.'atmt l v, : ,wo'.re dotermine(]by tlminq tich appl I catn to delivor from 0 to appr,)imately
20 mm of woter per appl i'NItoN 



Table 26 

mlze, X304c, (Irain y ic'Is frIom a tii I!,1C X plant sp,c: n exper imen,(1BSP PR-56) plantetd December 12, 19'i9 m ,A harv-sted ApriJ 17, 1-980 . t.- the -Isabv 1~ , t')-Rtcu 'BSP primry s; t- ( 1 ). . -Puo 

In- roW 1 I I ade T'1'reatfl t 

St? Covtion I ) I .laq........... Man
 
cm Gr.i in Yield, kq/ha
 

20 9273 9446 
 9360 -

23 862.3 a9142 888*3 


27 7770 
 8174 7972 b 

M ,an 8555 a 8921 a 87.38 

1/ Adjusted to 15.5 , moistureo, means of 3 rep]i,cat s. 

2/ Means i n the sal() colit'f )y I in, fo IIowed by tfle snlc l tters are not s n iii'j tly d if ft rc('t ;t. t:he .05 1eve I of prof)a)i ii t,. 



Table 27 

Maize, X304C, wet-season yields from phosphorus placement experimen t.(BSP PR-64) planted May 8 and harve,: tcd Auqust 28, 19830 at fsabe,a,Puerto Ri.£co, primary .stu (Rarl) ... 

I(rain Yields, kci,/ha
 

78 4j +85 8183"4 
 7937 a 8422 a 

. 42 "O" 7378 a 8131. a /848 a 8523 a 
La) 

n4 6 4 -85 j 7431 a 7860 $166 a 7456 

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

0* Iand width (crII) 

R 11 15 45 75 

I/ Adjusted to 1 5, mr lsturu , nvea. ,f tlre( jel ,Icates. 

2 / Phospho r tJ IcvtV U is d C i I ( ,, F it r at.4 ,1) p 1 l d t.r the
treated arca only - 1) cm, 45 ,rm wd 75. cm (brvadcas t) hands. 

3i Values fol Q(1w(,] S vm_, ltby the .t, ,. ' not. 5s| fln t ic'llit ll 
different t Lhe .05 1,'V ,l ,, rcI,,bi I i t:y. 
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Table 28 
Maize, X304C, 30-day plant heigh ts for phosphorus pldc nrnt expcrinin(BSP PR-64) planted. May 8 and harvesced AU -8, -1801t sabolaPuertoRicO, piprimary site (Ranial) 

Ilc('iqht at 30 days, c'n1/
 

78 +85 
 127 abc 130 ab 124 abc 133 a 

42 "" 1118 cde 120 bc,- 107 f 127 abc 

6 -5 I17 cdef 109 (f 117 ode 112 def 

u Said width, cm 

1/ Means of ten plants per plot in eichi of threLe rc-pl at .s 
Phosphorus leve~ls irid i c't l)roseonttreated -pd raI tes appli.d to thearea only - 15 cm, 4r) cm and 75 cm (broadcast) bainds.For the rill treatment the srE im ur-nIt of P as ws appl tedto th J5 cm hard was drilted b ,Io. , t In , seed.
 

S/ Va 1ues fo l owed by th, s c in Ift.t r sdIffvrent :i ro nmt .i q ii f i cant Iyat the 1)5 . ,b
1 i'1) i ity. 



Table 29 

Maize, Pioneer brand hybrid X304C, yie..lds from I x plsphorusinitial 
 and residual experimont~s
conducted May 25 

(WSIP PR-47 follwed by P'R-52)Marcqh .17, .1980. near..... to Septumbt.r 12,
1sabe zla PUt' 1979 and Novwribrt( r 16, 1979Rico, Seco,,idta.-.it~i to#2... .....
 
(Calero).
 

Grain Yields, kq/hal/ 

100 I Ini til 4594 4 97Re idual 
 5154 51.39 
50nital 
 4142 4159 4862 
 4868


TResiduI. 
 4245 1208 5831 6260
 
20 I ni t.i l 4450, 4261 3971 40f67


Residu-al 
 4946 4978 5181 
 5127
 
Initial 4601 4249 3893 4930Residuo 1 4144 5119 
 5025 50417
 

o 3 6 9 

Ca COP: nlI4l Ca/100 q(m so I" 


1/ Adjusted to 15.5v molsturv, rmun, Of 3 replicItes.
 



Table 30 

Mean yields of maize Carkill IIC, for P x water donlity' study
 
over. 3 replications at Jaiba, mG, 3raizil.
 

a) Phosphorus Levels x Periods of "icI sture 
itress
 

,r ss IIe r Io ,!It 

A1lied P 
 ist 30 d ays 2nd 
30 dvs- 3rd 30 ,Tay No Strses,
 

kg/ha 
 Grain Yield, kcj/lia2/
 

60 7228 3223 6617 7.485 

40 5983 2,142 6847 6100 

20 5234 2.62 6066 670H 

0 4447 2857 0137 4176 

b) 
Plant density x periods of motitur-: stross 
(it 60 kq P/hd) 

Stres Per iol 1./Plants/hti 1st. 3() Clyn 2nd 10 day 3rd- 30 do".., No Stress 

tL YldQ , kq/i t2/ 

30,000 522 31 (1'2 ,81R 
 5101
 
55,000 7229 
 3221 6617 
 7485
 

85,000 8233 2374 
 72 15 7756 

I/ Stross periods wor, )-1r-1fdy nit.s 1-,eiq niiC, 7 dft(!r
Iays
imer.cqlunce; "l 1
t 0 cidV -; " rof (,-irto t. r o tmont. W4II nowater I weolk after ,0 3' da udays" rufrrs tc) tre titit tit with m) .'t r .7 t, 67 , 
aftor rqc .,1,rt,
 

.2/ Adjustotd to' J .5 'ui-re. 



Table 31.
 

Maize, x 304C, yilds from 
 P-1l,Acemint eperiment (lISP 1B-62)Jaiba MG, Brazil, February 8 tt, June 3'), 
at 

P-treatment 

No. Placement 

1. 15cm band 

2 15cm 

3 broadcast 

4 rill 

5 15cm 

6 45cm 

7 broadcast 

8 ri 11 

9 15cm 

10 45cm 

1] brod rlost 
12 rill 

13 15cm 

14 45!m 

15 br)adcant" 

1 d IrI 

17 rotitrol 41? / 

1 control #2'4 

1980. 

("rai n Vit, e d, ,/h /Vep i ca ttk'
 

ppm 1 
 Ii1 fit M('dIl 

.01 6,112 5417 5,806 5878 

.01 5037 921) /'80 4912 

.01. 6745 0:1,16 i 6577i(( 

.0! 5986 57d5 52975180 

.02 7169 700I 6043 6805 

.02 6961 72(- 7388 7185 

.02 4647 r,} 6707 6023 

.02 72 67 59 "I027 077 

.o3 ',5.' 5915 54 5 3 

.03 4434 6 A21247 5544 

0 6 (111 (1 10 ('04 5 6375 
.03 6;(V, ('4110 4,1J.! 1 8 5 

.05 64,144 A 4,14, 1 S6 0 

.0') C, 1i 6 ft,6 1.7 4 5 H6 

.05 6719! 1 !,"I C)376 6 450 

.1 6f9 I: -I i (1fJ1, 6149 

47 30 fit, ' H2 1718 

6%"5 14 P) 164 3 571 1 

I/ Adjuttodt to, 15.5% twttl,. 

2/ CO ntrtol I ':1vf>i d . 1)14i11 k f,tI- i,'iL ItitII u r !'1t 1 l L s no Applil,d Is. Co ittrO I02 rt0',AVel -'tw , tIppI Itrt'dzt , . 
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Puerto Rico
 

Principal Investigator: Friedrich 1I.Beinroth
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Soil Chemists: 
 Lillian Costa Mtayora] 

Mi lacres hir6 
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Research Aides: Ruben arcia 

Jose A. Robles 

Consultants: Jotck Keoller 

Larry,A. Nelson 
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EPAMIG Liaison: 
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Agronomists: 
 M1orklyn , 1.Olson 
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 Narbal de S5 
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