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REPORT S ..24ARY' 	 .. ", ... 

A. Project Title: Soil Fertility Hequirements to Attain Effirvt F~hoduction
 
of Food Crops on the Extensive, Deep, Wel'.l-Drai.ned but 
Relatively Infertile Acid Soils of the liumid Tropics",SAID/csd-290; SoilFertility in the. Humid Tropics;, 

AID/ta-c-ll0-


Principal Tnvestigator: 	 Matthew Drosdoff,. Department of AgrOnom', 
Cornell University, Ithaca, New York I d'53 

Contract Period: 	 June 30, 1969 to March 31, 19'( (AID/csd 2490) 
April 1, 197I to June 30, 1977 (AID/ta-c-,ll04) 

Period Covered by 	Report: July 1, 1973 to October 31, 19I 

T6trAl A.I.D. Funding, June 30, 1969 to March 197 : 31, $I,126,t6 
April 1, 1974 to March 31, 1975: $-71 ,900 

Total e:qenditares and obligations, Jt.y 1, 1973' to March ', 1971: $309,71 

Total expen-itu-:'es and obligations, Aprl I , .1974 to March 31 795: $27),00 
Estimated expenditures, April 1, 1975 to March-31, 1976: $277 000 

B. Narrative Summary of 	Accomplishments and Utilization
 

Thiq is the fifth progress report of the 'oilfertility research project to 
determine the most effective amounts and methods of application of nitrogen, 
phosphorus, potassium, liming.materials, and micronutrients and soil moisture 
reoAtrements to achieve the production potential for food crops on the acid 
soils of the humid tropIcs. The ultimate objective 6f the project is to 
T provide alternative recommenidations for improved soil and crop management 
practices onth se soils.'which are very extensive in the humid tropics, about 
1,500 million acres according to recent estimates.. Most of these soils are 

* 	 .deep and welldrained. and have good physical properties, but are largely 
uncultivated. Those that are cultivated have 16w procuction which can be 
substantially increased with the use of fertilizers, nd lime, adapted crop 
varieties, good water management, and pest control.. 

The project is designed so that the results would be applicable to extensive 
areas of acid soils in Latin 1,merica, Africa, and Asia. The field research
 
was 	initiated in Puerto Rico in tne-spring of 1970 in cooperation with the 
Agricultural Eyeriment Station of the Univerbit'y of Puerto Rico and ii 
collaboration with research personnel of the U.S. Department of: Agriculture 
stationed in Puerto Rico. Research>was strtrted in Brasilia in the summer of 

1972 in cooperation with the BazlKiaua Minis r Iof Agriculture and North 
Carolina State University. Plans have been dt-veloped with thle Soil flesearch 
Institute of Kumnasi, Ghana for coll~aborative soil. fertility research on the
 

c 



-acid, soils which are extensive in ... the region. Field research there willbe .
: 

.. 


,-.
.'lturto Rico: T&'results of the first three yearscorn nitrogen experiments withhave been summarized in earlier reports and published in the Agrono.myourn ein 1974. Subsequen nitrogen experiments withre corn at four of the
experim nta sites i n.were conducted to determine if itrogen fertilizerrequirements elcould be predicted from a simple laboratoryes test which hasbeen under study. Also a hybrid corn with a a higheryield potential('Funk's G795 W) than the one used in earlier experiments (Pioneer X-3o6)
..
 
was tested, Tis hybrid had yielded about 140 bushels of
an corn per cre inacre - experiment,Of"Pioneer X well above the yield patentfhT'of 105 bushelsr p t~ ' 'o : O per
u i ~ N r acre o n X-306.
Funk variety had a 

However, in the nitrogen experiments, though thehigher yield potential, it appeared to .be more susceptible
to insects and diseases. The laboratory test predicted the nitrogen-supplying
power of the clayey U]tisol but not 
the sandy Oxisol which had a much larger
niPtrogen-suppying power than expected. 

Soybeans planted in June, 1973 on 
clayeyUltisol with a ver'y low phosphorus
test value did not respond to 
applied phosphate. However, 
a field wide average
Sof 55 bushels per 
acre was 
obtained which further demonstrates the Potential
for high yields of soybeans Q ".cid soils in the humid tropics.
 

The plantain nitrogen and phosphorus experiment is being continued and the
preliminary data from this year's crop indicate that the yield of the first
ratoon is as high as 
the first,year's crop with little or no response to appliednitrogen or phosphorus. Close spacing and the use of aproduced a record yield of over 
chemical nematocide 

71,000 plantains per acre, the average yield
for Puerto Rico being 20,000 to 25,000 plantains per acre.
 

Field experiments 
to study the effect of varying lime levels on 
the growth and
nutrient content of several cropE orprepresentative acid OxIsols and Ultisols
have continued. 
 Yields of corn and green beans increased with rising pH until
H o5.2 was reached. Plantains have been found to be one of the most
tolerant crops to soil acidity. 
Other crops in the test have beep sorghum,
rice, soybeans and sweet potatoes. The latter crop was 
tolerant to very acid
soil conditions and no increase in yield was found when the p 
was increased
from .1 to over, 5.0. 
 Rice was also found to be relatively tolerant to 
soil

acidity.
 

Brazil: 
 As a result of unfavorabJe, climatic conditions, all of the fieldexperiments,at the experiment station were adversely affected during the1974 rainy season. The month of March had over 500 mm of rain. In the previousmonth a number of plots suffered severe lodging because of strong winds and
during the subsequent rainy period the insecticide and fungicide treatments
appeared to be relatively ineffective. 
In the nitrogen experiment 
a near
maximum yield of about 75 bushels of grain per acre was obtained with 60 kg/ha
of nitrogen applied as 
urea. 
As reported last year this experiment and the
ones described below are on an acid Dark Red Latosol or related soil in the
Brazilian classification system. 
These soils 
are very extensive in the Central
 
Plateau of Brazil.
 

Four consecutive crops ofcorn 
over a two-year period have been harvested
in the phosphorus expeiments. 
The highest total yield, over 29 tons/ha, was
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:,,-1obta ned<"with the applic ation of'",1280 kg/'lia of P205 without:any furt,) ier , :, 

%tin~)on/h (h,~bsnlspr ,acre):. A smallei- Initial broadcast! phosphate::::: 

l 
avrgeobot100bsel fcorn per acre 

,. rrP p:estUlted il ILntotal,yeld:,f almost85: percent of.the maximum or 

Ill a phosphoruIs, and nlitrogen expeximent with dry beans three. levels,- of' h roid
" :' ,,as.:=phosphato :fer-lli-,er were compared with binded' piosp~hate and there,:were 3 : 

":to	'all levelsi of phosphorus and to ;the level of' 60 kg/ L of nitrngen. •Over 
70pecetof the maxi-iuyedo beanis was obtained byteaplctino

4160kg/ha Of P205 banded. A comparison between the results of this experiment
 

and that with consgests the greater ability of beans to use banded phosphorus. 

i' An analysis of long-te rm climatic data. in the. Brasilia are a indicates that
 
: <" during t he rainy season there is a50 percent chiance that there will be a dry
 

~spell of lhdays or more which can,,severely reduce crop production withot 
~supplementary irrigation.- It is estimated that long-term r a i ny season yiJelds
 

... of corn will only be about one half/ of, the possible yields, with Supplementary 

., ,irrigation. A -study: was mnade of the .possibilities for irrig7ation during both 
: : the wet and dry seasons, in the Federal District. It was Cound that water was " plentiful and with the creation of storage facilties the amount of irrigation 

'.- .-ater may be sufficient to irri'gate 5 to 10 percent of the Federal Districtdufing the year. Groundwater m- be an important irrigatLion water source. -

Engineering tests show that thehigh initial infiltration and permeabilitye 
of tle soil s can be reduced by compaction tt favorable mosture conditions. 

Soil-water properties were determined in the eld oxpfrirental plot:, during 

the- growth o corncrop. It axperin that the ieelease two-thbirds 
:of the avaiable stored w a ter at retively low tensions, betwten i/0 and bar.te 

vhel onfavirable water-supplying prperties of these were sigither with theo 

occurrence of' dry perimds during tl e rainy seasonaind the li liations ofroot
r0 th in theosu il due to cninsotbicie the wtser man e xenta citical
r
o


factor for successful crop production on these soils.' Based on crop water, 
use measurements, an estmate wasmade of the water req rementsbfor dryheason 
irrigated cropping andthe ptentiatfor dry-seasn cropping was compared with 
u rin crspping.sohere was n50cnclusiveevidence that the dry seasond 
crpproductioni .tia.. ereater 	 ofhigher
p is than dthe wet season because 

oadiation eaot .n 	 However the incidence
orother climaticfactors. 

of uncontrolled variables ma oftepsesi iliie s greater during the
 

wet season arid consequently the potential for crop producItfoun
wa 	 than for
then-rrigated dry season cropsn o strg facilitie t a of" i
 

p a t iv
 A co er esagreement forr oty research in Ghana haSibeenmade
soil fe r t il


Stbeween tlecSoil Research Institute atiatsi anorl onelUniversity. hi
 
rsear effortwll focre dent i ing the feld ep ih e ltding 

the yelds of food crops inthe area. A the o release th rs
.T	 uavrwet season There was nopoi ter witht
S llaimatthecropping.evetpment of conclusive' evdneta s of tsoage tedy ao for
 

irigatxed cropping sysend -h practicedi fo drysmaly farmersin the regiond w
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2. 3 percent on a drvy weight bani.; and were inci ased nly ,1 iglit.hly by higher 

nitrogen rates.n Thes.e values; are only one-third to oz,,-h.1 r the rotin 

content repjorted for 1,mne,,in (olomnbia. !th not. ,:a...0. tt. l-e,,t' 

fourth and ,i'th 'i ly e n'ude leaveoavfour tQ fiv. m;unth oftl Iplant.i u 
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1
0- h(\ l i nitrnon rate.o It th on in hnes) menrn rtn nitrogen 
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"
d 'ver S O'0 bu/'ro, 

obtained with the hybrid Piorier X-3Y6 aod:; iri n n r'oronue i' i liz'

highest yields ere w. a o'e So j 1% -tr/omixiln 

, e.o-I n.'I 

tion trials; in PJerto Pico. One t-.ytmeo t a,'-nfr.an 'p.d',1 lirn e ti,)p ,_'r]al 
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thie h.nati We~', Funk's wns vor s> riou2y dumaygedi by qw wormn wh in Mm~s 

noC Wane*~ cccurr I in th F!!'' N X- 100 MuN, i I~' " '2"r WO Fur 

W a 0s*byhorYN1kY t !AjlO! ner 9 

orSOY h,0 is Mqph' :1-*f oinet n *lILI 

0 ''''' ne t !oih r n n-p r r nrl I" 3 M 'cP&-~n ip j rY n n 

thi Crcnte M 1tO1,0J'i j'7IrtI ' 

been Otj r. w i.It J110Plr en . 'lfX-4 in t P'-i. years M s itttc-I I witi 

tho EI; ~ 1-o yi&Y rt 'new anfitK. nTi an: nho Kicn ;1 yI 



;I'kH 1.i ri z-r ,~ ''' t-u ep tho re idual -'f r-r! r ort pi ji a inopht om,0 

n . ' r" t. . . l ti v, ifc ie .'7 broa,a v-ri.s ir.'-. d p, ':hh, rat 

fert li;z r . w, , ... ,r 1cr . In Xr 

h:]!Vh nWIM:r,;f, ' ! . 3 - "TO 
M 

.r. Kw.,ha.n.ti.i. u.,M.. id- re o 'v-r( of .7et .ons/ & buh-in,:r,,) 

Y W, A .:' W.K n! L- c!,i onl.inenna no! ....U.S;. ;, " s rate:: t", yt.,.ntio. Cor. 

2. O''Aybtn 1113 ote in1 
1c er t9Y3,~ die ph! ro.pla to tiiphs prus 

a h, vn l)','r:It: i n nY ,rian hoe vehtw thinm7npotn :'hthe : -: sma~iller aplant!; 

t i, lt.: . 1 1 hvell o olyer ein dei;f.u er e etwen ,teame:.,int wvere 
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of a crop planted in the fall of 1973. The highest grain yields were 

obtained(I ina the treatm ant, re'eceiving 90 or 179 kg/hn c,'M handa p, i , 

phoavpharila on each amvr (ThU Ie Z). 'Te 't,.3 tons /in )! - T an i a thke 

' 179 kp'n .n..do paarn .Lruntrnnt.gniFlcmt.was hiiher" t:,han il 

any o.ther0r treatment , includi:g tho 7.2-,n:iha obtainid in t.We 1,1 /haph0 


phosp.hor:u bnadcast treatmnrt of '7)T. Suil ainvly:n : o iinalofate 

thpt the "ivan.LatcuhCsrnhr;: *'aa, in "hItmat.ttmh. V al,:.. hali 

diroppei .hr, ,in,: the :ant three as;. iu , 1 ,. rs th 

feratilie;ra prh.:r:'us i:, ln Fxed quite r"iplvlV ih:: -:l:; :Lrid baund]d 

appiicat:ians of, .w-i<eaf"n., , ti t es nf ,T :t i i z r plic,-"pL ,.;:w; th eaclh 

crop are more ffinie:nt in Acre.:'in;: 'eld]s than 1 :a'{ b-rnaast 'min] iea

tions made every few er:. 

:1,'](; A:. i tr and 'nhru a n. ha:a n c r:ho : i" i t.rI.rriment 

been cant inea. ine relimi.,nary 109t: r om thi' year ' in.ir tha.t yi1ld 

levels of t he N-st rno-n n:" a, N n tho:o from h- C!r" ,, rop, in 

spite o r7 prnlon.ryi draought this s.m'rc: . Ea:s t ;yyt' .':' :p ]howeci vo'y 

,little r' onFel ti (:, :; 'r. and only': Plght repo~tn ., I I,,y. 

Inteinsive mnnnqnmnnrer~, c':::, :;yaninq, '': the' use qP aKI1a-c:. !n:tnpidr. 

produeod reeor yi i of.over' 71 L p,!:l.anr Pani /m::r, , VA %'e .t,:mwyfiel d 

for P-uerto Ri ca b, ng 20, 000 to 25 ,J,000 Iflra in:;/'.acre,. 71'i::; experairment 

has aroused can:idperabla intaerest am,ong the firmersr and exter5 i:or Iresonrnel 

in Puerto and it ha:; a-n tghat over 2,000 iadividuIaloRice, h' estimrated ha've 

visited the site during, tho last year and a half. 

5. Experiment: to determine i f results of pho:sphor:: fert ization 

experiments in sunken drums eou]d be extraIpolated to th rVi,:d ha ve been 

terminated. These experiments were :;stablished at. one Ineat. o; ir order 



Table EEffect of osphorus fertiler rate end method appl ation -n cornn7 "-ei, - S-il, 

us
seethod yvii Stover P S.ovrF.r 

/11 

- ' 31 a b .[ 3 7 a b 9! .
 

90 broadcast, 1971 20 a 
 4 0.5 1 6
 

179 broadcast, 1971 
 3. abc 5.3 2 .
 IQ 

358 broadcast, 1971 4.0 abc 4.8 17.0 ab 4.0 21.0 

1120 broadcast, 1971 
 4.2 bo 6. 17.7 b 5.8 2. 5
 

1120 NL I / broadicast, 1971 3.6 abc 5.2 15.1 ab 7.0 22.
 
112 22, banded each crop 3.9 abc 6.9±1.6 ab 6.6 21.2
 

224 45, banded each crop 4.0 abc 5.3 16.2 ab 5.2 21.
 

448 90, bande e ach crop 4.5 
 c 6.0 1L.3 abc 7.6 21.9
 

896 1. n e crop 5.8 d," .< a 7 
 28. 
L70 - Lc .0 ab1 .121. 

-- . tm.' lime, cal other treatments received a total of 13.7 metric tons/ha of 

--- .... " o , n a cotmm are jot significantly diffe rent at the 5.)ercert
evel 



to get in 'o rmation oni oe'..o2f s t.o applie phorsphorus on a wide ranlf 

of Wnsoi with m wh lens cost Mxn iel experimnts. it was tho ,ht. 

tht the r,.sp~ron:'es: Wn the Nu."nn' wo.",uld P,a,:,-,y .Rp',roximn e ld :rcinlQ,more 	 ClotFi 


than tir, ;,~ fet n the Fnr'oir. rlee.'r, it win; Yan thIit plan!',~ 

respond t iiv p ,hosphos' SI liIuis S'o no efO ' 	 in 2 inken when is reypunin) 

,
In the iI n , r me soi l. 7h" results. of this work haw, been rubmiI, l 

for publ iat ion. 

1. 	 Field ,e.xeriments2.tudy ing the effect of varying L.ime :.. s oi 

and r )hre"5.ntm,"7 Yxi'ol.;thze growt 'itri. onren of several crops in 

uere 	 M OWii Ouir'!, ;the--y.ear. in: both.. ?n".,Ts, ,i, z !ora r 0E , ,, 

risinno!' .;P a p,! of. 9.2.was. r,.nch.el. Kn pT . .. -W 
unti 	 ..3 .. n
 

crop' yi," w '.' ,'1<.k rrelutd with the alurn'tmi mi ka ;t. " 

the eonil; ani Opt the a.l.uminu:.rn saturation wan near :'.,- at n pH M 

a rnro zim'atoly 5.2. 

2. Plantains were planted in the limine ".xrciment los at all 

sites and will be harves.ted this year. Observt.ion1 : (r p il:l 

growth indicate that planta ins are one of the o t.o. '-:,1 1r, rr cropst,!.:, 

that have ben t2 d in tr:iKn ii ei : xr~erinert . ,. to" pI :iV s,, 

corn, anid green rneans , o'h or crops tested hav' b-,-n orihum, :' yheann 

and swcet pctatoen. 

1. An experiment was initiated to determine i f de'rp incnrpuraLin of 

lime would increase crop yields. E]nlaring the zone wher, auminin :;enPs

tive root; can grow wold theoretical ly ihnduce p!an . wr-tr Ms ; uri r 

http:a.l.uminu:.rn
http:r,.nch.el


periods of" limitpd rai, 1 fa>] and B;uppty i larger :o'"rvnir of' plaint, nutrients, 

Lime was incur rated to Kph . V' , 40 and am :g o.~rhp.':r. I
 

in P0 Pm horizon from ,rc h l t.o o"
.H 1-P 05 cm ,, l mix , . i
 

the soil from the ' i r,,d be -tao 
 int'the ;1,5. 1. ,
 

rer ullq: fromt the fi t, nrr -rop ; " 'i in0 the .Ca i n" 
 1'97" Moiwe tit 

grain y~olie i n;orn P'rom M. tons 'k (S bd~" wit-P Amn, *, 

6.hiton, ,n. (10:IPbu/on e) w nb: t. .m U w /. lime , mijd . L Lons!a
 

(INl.. u/..r..) when 
 m wab .. 6 m .rTabit 4). 

A. Tr.,me- of ('', or '" u-q anr atQ 'AMT-)] Ain t e mp
 

t'o rase.the F ,l ia without, physial. ... 
 ring the 501 profile. t 

has ben rppre by. whnr GO hir ieai vFON )?i rppied Q' 

berml;ia *...' will r's e the .','A.at- lesr t F, hia f m.., in sa dy "oils. 

The ,'a( 3'). pro uce ld ev.... .o+,eny n lw r.hn d d th o l
 

t r e.tt me n t , rr ts. i, l y inir t ot h :e ns l , t f t h ho igh r a te of Ct( N ) , 

li ed. 

.... rk with svral.. U.iiol anO ]is. in the laboratory has 

deinn: .tirted that the "x'Miaabe at], , rwAin- m ii these sails can be very

necU'ratalv pro 
 i .'e. il pH', nttion ,x anr c'apacity (' ), and 

soil solun ti on elernticn.! ',,luctiviy (A.N') ar-e know-n. Rec ression analysis 

gtave tihe follo] in ,c* : prensicn: 

i C(Eal C - PHA!(' 3.60145 0.95587hi EC . 
wi th a+ corr+ointionu P'o'-f!icie'nt (r) of .968. 



Humans sai, Prmv1 win' WHO; 

Dent!,. -

di, t. _rw _ 3/ 
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Each Iao 'I DiKwbLj P reeie anCO.:prM .M 



An state.d in ast year's report, the research was initiated in 

J l ' t Lh, Aulb a I ,' .>xperiment. ,tation neur B'asilia in cnopera-

Lio with2 the 121 Viii:ktr <o ;.r ,riu.lure and in -,laorati with
 

North far'. 
 linn te rnivo.. . l'a the pan, yer the responsibiit
 

Par I r a % Bran it hns been dy,.eated by 'heGover nment
 

of On si W %Cnewow O 
 n ,- Irasi leir a d,' Pe.quis3as Agr o

peeua'i.' iL ; (ERA:') A n.w ,"",rmat,[va 
 n-r'em-O, between Cornell University, 

... 1h. no S i' ... a A'.:. boon .tK5 ' '}I 1 sim!l rt 

to the preiousC qq'rpn' n arus % cn airs or plannued
 

resear . Te " Ol1ow'
" ,..... 1Cornell and Norh Carolina State 

Unives ites hr W m 'ajo r"'blsibi ti,- for te va:ou; se.nents 

of the fie1] ' :blow'".': Dr. G'or'nr: a"wh nu'a! C. " r'nan of
 

Ccrne, 1 (pj 
 cc h oo" Aiiinn, Vro!,'en : n,, rn, ro andnu'I 'it, en phosphorus 

on dry ' qu,' Az, - .nN'""r..aro 1:nir :,a" ( i me) ; Russ e.1
beans- ;'nri 

Yost o V Nor h r'a, na p''' 'A t,, ,u-.m ; J:es Wolf, jan Pruntel, and 

Dale ,aind, Cornel: (soil-water and .lant stress). 

1th io'1 i, thu "''i ! ro' ax'"int , givern in last year's report, 

wats slightl i ~arp 1 du1 tho sosoni11riq cric in the 1973- 7h rainy season. 

In trertm.'. P1 ti.h iM2i: ,neidol ip.i'an.t was lieted and no more 

Wr' niei was aq iu. Int',,tmos 1. the app]icati on :t 30 days was 

nreased W 8O k,' N . wi NO.)2 as the nitrogen source 

wa r'epeated, but the level wa: o 20 +120raisd .. kg N/ha, all supplied by 

this soure. phsul fur-coated aroa (Ct ) of treatment 9 was dropped, and 
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o' 20 . 100 - 100 kOig,/ha :.:
this treatmeni t, received n,maximum ]level 

uren foIr h second crop. Trktment 10 was -Winued no H,
ordinnry 


i z QM' i 
n i tro gen rato was in renel;'. n 1 kn all, apl

but the 

plant Lng. it. I'U ma,-riql wns nly, d ffvrn 
band below the seed prior to 

from , .firstyear. !' Irfh.st-r rate "f nitr gen rel ensehii 

c'cnt in no.w.,-Aqs, ,i conTIiing 0.8 percent
rept'ei by TVA as 41 


, ' '- KCWa; i d theL 
nitrog'en. A,reerl application, )f* Y' : Q. K,n' q,.KCI was; made and" h

by, thehroad'chaS t ap)li ca.tion 
ph'sphorus Lev-! w.,vu{1Ly r 


Na, all . simple
F. /ha anr3 anA pplic tI- of ' )kg P 0 J 

;a
of 309 k 


superphosphate.
 

for the second Prop are given
lie treatment descriptions and yields 


that all yields are relatively

in Table 5. Tnese reults are notable in 

kg/ha of nitrogen
low with a near maximum yield nt the level of only 20 4 hO 

(treatment .3) 

The low yieIs. of the nit.rogen experiment are typical of the other 

the second ra in reasorn Prop. An imporant aspect of this 
experiments for 


ny .. .wyn.r.
dring the month of March, 1.974 with
 
season was toe unus aly r 


percent of the normal annual
 
a total of over 500 mm 'h ch i: 3 toA. 

: , 7er-d Ihi'gse,,ve",e
rainfall. i: late Feb. 'jUa', a Wmh.t the t:; ssu 


as 70 t of' ho p-nts tf- r fattered) henausn or Oronf

(as much 


winds durintg a rains torm",:. his:;w,:; :
fal.,wed by th,'- rainy nr I duri ng 

ffet ie and very. lia 

leaf blight. 'I1le syuptorms were7 

which the innecti 'ide . nti,: ap near d to he It: : 

severe leaf' damage oc:crred due to corn 

typical of both INor tsn' nd Southern 1.ef bli ght cau::d by n pe c:.in of' 

exneriment, thi:; period of in 'ravornable
Helminthoonoriumn. For the nitrogen 



...... 'Irain.-nercent /!5.5 moistuire) sec corn c-3... in season 1973-7h o the 
n-i-r, e. eCe r t"-iQ ..cO 5ons -I*, , e 

"D r.1":~rz 

~ .. *~.-- ja.-s<~ 
u ~ -qx:n 

ield 

kg,'ha* 

-.. ; . .. -o-

9 20 

20 

6 20 

7 20 

10 14o (scu) 

1 --

8 20 

2 check - No N 

*Dgncan's multiple range test for 

1003 

--

40 

60 

__ 

--

00 

added 

signifjcant diff, erencs 

--

120 

__ 

__ 

.. 

80 

120 [Ca(N10)c] 

at 0.5 perce:;: 

100 

--

h0 

60 

--

--

' ndicaed by 

ab 

450L ab 

399 ab 

3-77 abc 

4242 abc 

3994 abc 

3903 bc 

357 c 

Omal 'etters. 
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weather and disease damLge occurred j1ust after pollinialion and cont ined 

metur ty. Mas;ures of solar radiaLion show that light
uitil practi1 cally 

energy was about, I/. tess Ouing March as compared with the months of 

and Ayri] of the same ,,rowin,
November, December, January, ,ebruary, 

period. 

Another aspect of the yield response in the nitrogen experiment is
 

and grain yields from the
shown in Obl_ 6. Compark.;on f'che stover 

first two crops shots that she ratio .f st.rvr-to-grai
n was about twice 

sec ond crop. Thn s;c:'.,,r yieli was considerably greateras high in the 

the second year for' all t -watnents. Furt hermore, the grain yield was 

'' .e thr-ee tratments listed (those with greater th, 3 ,cnda year Y"ryt 

ss of treatments.lowest nitrogen l:evel) but for ni the hi her ni tr:,gyn 


rTe higher yields at -iiw,,:On l,: may be due in part to the increased.
 

::ow',ver, K is apparent that the secondphosphorns level the en.nd year. 


Fran ,r nnt.ver produc tion to a nitrogen level.
 crop did t respona ni 

abcve 20 + 40 kQ N/ha. Tr asy:;cmewhat more stove'r production wth 

even ie.ess .eio it t QLSi',, .CU fre.A2.
grain .r, C.d 

so: ow;z ,.jrtunc of pathological and weatherqhese re sults 


factors often referred 4o as 'a ad year" by farmers. Levelsj.f cotly
 

e,,dto [rolue naximien crop yield
fertilizer appuiation which we'n ,ip-Yt, 

under good gre-wing -snliiinv prodiun-w WI title more than that with a rnim um 

of cl ilmate and disease preventedThe ,ra 


the crop from utilizing the applied fertilizers effectively.
 

nitrcgen application. I:,,iK7 atr: 



aoZe . COMCar-son of do-,, stover yields, of j£rain at 15.5 percent z:oisture and th s over/
raios f-'- and second croncs in the nitrogen experlmen at Brasiliafrst 

( a=r s -*.cet where St:herfleoted )Fi - F,-,: e on r , 
-i s e r3 t n ".-... '-v Grain na . • ~* 

- -ve -r l.. .. a t i o.k _,-T- r. !. 0 

O+LO O+ ' _..0a' r< -3582 oO sov ...... 4. 

20+430 4027 . S 2 658 46 30 i.425 

20+80 20+80 4075 5285 0. 771 6524 4638 1 407 

20+120 20+120 4661 6257 0.745 6423 4504 1.1426 

20+hO+hO 20+40+ 40 4205 6179 0.680 6459 1 )a 1.436 

20+60+60 20+60+60 4464 6310 0.719 6715 4377 1.534 

Ca(IIO 3 )2  Ca(N03)2 

20+80 33'2 
20+120 4o87 5423 0.754 6776 3903 1.736 

SCU SCU 
20+80 20+100+100 3591 5096 0. 705 6508 4541 1.1L33 

scu scU 
20+80 1!O i4269 5677 0.752 7011 4242 1.653 



d 1 ia'k- I 

the a~irk 

and m a gne s 

s howc l 

better t'~ f~ 

1* 

ar: 

'i' 

r-i''' 

~ 'ii''u 

y 

I 

inor ave rlrle 

i n c or-ho L o!. an~i C..-C 'lftiVtWIS ".ja(, 

of ~ ;i r] 'Cu.: , ~ ijrhrat;f n: and ;i. v(-r; h iir 

.level .7.l Vcrcu:.; '- ~a fcne'te~ 14..cti'can 

chem1icai. r4 Wi tt:I (! '.I':wifor zo-Vf-ral (crupr ; thl r;, once of 
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the most important anmects of comparison among such soils. Most of the 

hosrhorus Lreatments wrQ ap ,i.. as tri " .,rphosphate at the 

mci Ic rate rntq n hQ '. *;',/: rWouf:W.d:; , kg P 0 bande& A] Ilot
? 5
 

AM he 

wi] bp d'ided KL tw,- u. in :''.ur. ('top. "he ba:c m erzium 

aip licatior war ko.-v, .. n coil ....

are double he t'.anrn width .... c-itr xperiments. These plots 

. , or 

treatmw s an! jay'cie P ....... ... -. 1n d'u . in order 

to hno Y pec fic' n w'i 'n .o - ,' r o ',. , i rk Red 

Clayey ],osl rut; doms rt sI ; :p-'ia. 1t practical impo-t.-e of this 

technique. 

'le de'cri.ciption cf th, treatments anj y:eld are given in Table 7. 

Tb:- crn 1e:i;r;l mwe b'ght . not,as :es by " ,cnd nsects and was affected 

by wi nd damage us'.. .A-. tgen x,,.'-er" e- , the ields 

wer2oewhnl I -w- '-xvrel th"On R>-d reun cn!Oe less Aanl 

conlKsi hu nnas:- oC -'i'.a'>s botwen characteristircc nd requirements 

of rs n'.:i verra'-,;. ,Oe Dark>ed Clay Latosci. Prnlinary Fggestions 

-
2,AIv L.' ' A'fere lween 700 Q, broadcast 

ruld );,,) 1"r 1.".0'4h.n,i,:,_", + L k, bandI Me limesione was deepl; 

waz nce 
 .'', tjo the inability 

, ,W.,i t h o o r n p a, , ui,, a g:!:.t n l : qr - w i, n qr.::- .w .:.son , ' . : p ui..d !oI i nh e r a v , i~ ab P 
~lit;1 '''2i'' '', ... 10' "', + I lab {il'O1 1 51 'r!, O " L 

ertt',he 1nvrnme a such5' or LoA 0 c, of, require

rn Lt sc a-b hig '1o pliwru rlic ,or iun tho soil It the latter 

cat, ['o ('rre ch, t his, ul be a vauie importnnt mid favorable characteristic 



Table 7. Results of the first wet season crop from ,eriment conducted on Red-Yellow Mediu Texture 
a.O.. a ( u ",_.: " ] s at, ... erce-n t mo . ure--means of three re l)icates)....... ... .
 

,- .O "y e ds
TreatmentM < ' wG,,S< 

No. K hB.1'0,, -! 

Is1J) ban,d d,,C
 

19 0+{ bdc0 1,00 'C;, • '
 

b A- 1:00 bz di li'+;, 

w
7 ~ ~~ S 111: o-; 00 b c s! r"nan e- -- - ] m + 
j b 

he.. .level "robbi
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of this soil in contrast to the Dark Red Clayey Latosol. Future crops 

under more favorable envirorLmental eondi ions are necessary to resolve
 

this matt r.
 

) '.re' were go 3ir'tiu ... of rep.onse tQ limestone incorporated
 

to 30 vm vru K" cm ,pth. Thisf; in:similar 'o the 
 effect note-d on the
 

Dark Rol C'layey . 71P, iportance of this also should be tested
.... 

n a . ea.w t , s P. .3r rn....1 c,-' I ....P 3u r/in the rainy season 

"verrani,,- , ). 

versus 
n. .i... ' ',.' t "'P.i w oant, Mis 'i ff'rs f"o the
 

Dark M Cly Worn!' ,- mo imp ,t 
 from the standpoint of a lower
 

lime requirement.
 

(+/ d 'qT ' .....+'pc+P +"'Phshou Exremn': ,+........+" l'',1 ""..,,+.2 1 +,.o ho'ten /, L-


F'our', -nnc uo~tt[,, n,.rn~ or',, 


~eto on:!kr: 

have'b'een':
ha[rvet~t edr inl this experiment, 

t o e o';pS ' two dry seaet ','cha.. , m .ir - cror. The resul ts are 

given nM .0 vr ilyalfrtefu rpn- 29 tons/ha, 

was obta.n w h- aurwi i' of 17V kr"' PA' boin ini ucr nmr< j ' 1 a c• 

without any furk., ,,t., . -'fq .h',r undier SO treatment was
 
at. prc .j"nn, k .
th ........ 
 QlhY: QV] bu/krk, Anu equivalent. 

a'mount. Landi~ed (KA' kr7,)q: n',r ,,n,', cC' tl,h -- rors' resu.lited in about 

]5 pe<rcen.t. O,+r., t,;W RA y]vi ,' for, the.''ouPr, w:ro~ps t.hnn~ th bro, 1 t;iFadcat,. 

re ains to be do ,,'.,' fcromt; ut ho lonult vop lw t.he strtong residual 

efi'p'i W' the Itirh KI1.l bran'lc.d., ;Iopephate n'1:i cation will persist. 

A sm. ]ler O1W4.Ni ' b,,vzoi. I 1},os1phnte appl ic a.tio (320 kg/ha of P205 ) plus 



cI:Tablea h~ oi;c~ ' :n;'. W . 'i 'i - iir. arvutsad i ar-, tinfhos-phoru.'-)n 

and 2id1 'u 'n~ .i 

* 
.,2 

7.' . 

C4 

o~ 
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80 kq/ha bandedi for each crop resulted in a total yield for the four crops 

of almost 26? purc,t of the maximum or an average of about 100 bushels of' 

corn ,,r "cr. 'r e;.h of the four rrp- over a two-year period in spite 

W t' Lh,, in," m: ',:o,:Qc oe whiich was less than half
w ','1 r-n crop 

of the qv'zrage VJ the other threncrop~:s. 

bhosrhor*u-Nz rygn~ M'yrfman pi'tth Beansa 

An -'ro!'rlin wo:; , Ln.h,.:' inJ nuary-February 197) at the Agua 

Li mo, IW',ownen b y th ,,;Y-sity or Bra:ilia located near the city. 

'Ihn !Tjp wa ne !LPnunrnw~,h the Department of Agron~omilc 

Enq nr" of V University, Zn F~lc 00ot nj 

the ionq! an re:, iPA:' -rcBr , rand five students of .4ronomy at 

the Uni.rv''ri'y 5f Brasilia. Each student was assigned pri:.-ial responsibility 

1 ou r a do Dito Federal, 

,,
 ,o-f the , collected, wiiFor .r . nn this 'ork serv.e' a: the 

"f'in,, proje,':ct" or th,-rio for the Fn g',eiro Agronomo degree n f these
 

student:s. One -f th,- tulwn's wp. ,w, . e scholarsh ip from the Brazilian 

(C -Meuarch 0'='ci fr 'er ya.: . in the yrc t
 

'Pipf md 1 th, x eri;.nt is located is the., Ioh b si.fied in 

Br:a:ilia s:ysr n',-n a Eel YV:,.ellw I::l:: oC:.ay tex-. This soil is 

ecminwr in2 r-no n' cr'ri. vyeIn, o:en and is SMightly different from the 

. .gr '21er. on entssu01.1 :a fh- innl n .aiarE,e n whic-h cxpei. are 

under wiy. One W -r2q' 0 rfein'o iha the qu;.nt ity c)" exchangeable 

aliuninum, in v %bo 0. m,10 qm at the surface and decreases to 

0.3Imie/ I 0 qi; at 50 am WPMh 

Th, ofthe' 'i ,x erimen t is imi far to the or i nal phosphorus 

exp,rimn at the stUt.io. Three levels of phosphoru' (simple superphosphatc) 

we-te bie:i]i t tni Ii l:vNY there is cne leve.l of plo;sphorus appli.ed 

hamdi-d with eaich crop. Thre ec.'cls of nit rogen wore applied as urea, since 

http:appli.ed


q 'R 

f
previous results uggested the noeul or fert ilie.;,r nitrogen fr be:; ,, ield.; 

'inrd"nm,; p, f"ire areThe ep-rime;:tn r:Ir 'tqlet t Ma.k wit: split " 3,] 

replicat .. W< t.; U :nn yip!2 13 PC the Oir:st r, :re shown i, 

Table 9. In a tiionl . ,!, . a were c'oll,,'t el on rooteweight , foli a 

weight, ood weight an M-a wTh!ee: 

in veneral~, -h-re we:', o'-si~n r.~ p-c:ses to Q! loves of phnqrIul i 

and to levol ,3-h-. :. o..f g th..uthe >, . Ph,..rs imb:irtimct 

result is "he r'-'.t{vP2y v -1 yt.d Ov .' by the apIN.'V!j o :4' ha 

of 40 banded. io"'t s h!!r i":o<n, 'hot .:a wei o' .. ts ,xtruccted 

from the bar... "reat:imn was:_ i u ...va ib of the highest bradast 

treatment. Cons ilarabl eI.rhi iQ::rA l wr apprrent arcownrd the 

phosphorus an. AA er.. : bh e 'w -.. .,c' An r:ltp A this rXT)eriient, with 

beans and ',- AS ' nbI ":t 'tV of X,- . "'-r 1 'lfy qns utilize 

ban e p hr, ,c -,n :'K:,, .h. m ;x: i n] i w., '" I ta i' " with ta S ki!. U 

only 160 k,/-l ' T ' - Mis su;:]e,.:; rh i :n.r..anne oferops with F 

tap root sy;,stem A. t, r-t-tn as a :ear.:: or utli : hanlrJte phoshoru; 

. .more effectie 

Three ro-. , n u. oA ve boon ha.:rve:;lel in this experiment 

and the data are .hIw'N: in 'A ,, li . A I ierense in yield lue to 

an initial deep inconrrcration W2 lirp in comparison wit.h shalInw incorporation 

has been maintainerd for al ':re, cros.:; Yields for the se ond crop were 

substantially higher than the first crop due primarily to a higher level of 
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Tnb1e 9. 	 TreatMPe"!s ',nrd yields of dry beans (Phaseoiuz vuigare) in nn
 
experiment conducted on the Agua Limpa farm (means of four
 
rep ic at,i ons)
 

__/___ __Varietie \ 

No. ,1 trrgen Bro dcast Banded Rico 23 
 Cor rien 	 Posinba Roxinbo 

1_ 0 f -658 	 523 547 1460 

2 0 IIQO - 950 950 1.034 531 

3 0 2060 - 1561 1667 1474 815 

14 60 400 - 1273 1431 1175 1052 

5 60 - 160 1334 1517 1379 966 

6 120 160 - 693 667 860 600 

7 120 400 - 1298 156 1362 1138 

8 120 2060 - 2062 2248 1939 1459 

9 120 160 1425 1581 2522 1167 

lsd .05 - for dii'frones between fertilizer treatments qnd within the same 
variety or btween varieties - 252 kg/ha. 

isd .05 - for difrren,, bet.wee,, vrjeties but within the same fertilizer 
treat,ment - 2'41 kgha. 
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Table 10. 	 Liming experiment with crn at. Brasilia; amount anid depth
 

of l1ime nrt and to ,,'o0ncrvutive c r'ps.
inco r iiti yipd: of 	 h ree 

ni ti.al 1i r. t:m"nt. 	 Grain yi , 
'__'_ 

* 
* *tf, k./ha (1'.i 21211 ____ 

2d Crop** 3rd Crop * 
.No. tons/ha ic, ist 	 Aop 

1 ,.0 - "i , 	 88o 

2 1 0-i5 302-3 52811 AS474
 

3 2 0-15 3531 5689 186?
 

4 0-15 4004 5903 2265
L 


5 8 0-15 3723 	 5960 2052
 

6 0 o-30 357? 5875 1653
 
(1 ton/ha
 

MgSo 4 *7i2 0)
 

7 I 0-30 14O01 5684 2086
 

8 2 0-30 4341 5,58 2573
 

9 	 . 4797 66 82 3058
-30 


10 8 0- 30 4792 7266 360.1
 

Duncan test at .05 	 5714 (2 means 551 2 menand not
 

6014 3 means) 7 rmn
u7 	 y"t 

OP,(1 means) !99 (A M a:n avai . 

* First crop, wet season 1972-73
 

** Second crop, dry Pena:;'n 1971- irrigated
 

*** Tnird crop, we-t seasoon 1973-70
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phosphorus applied. The relatively low yields of the third crop duewas 


to the unrmvr brhi, climatic conditions and disease and insect 
 damage which 

afifected all1 the experiments in th, .1971-397h1 wet seasnn. Nevertheiess the 

iniil deep incorporvf ion of, lime resuled in yield.: W percent or more
 

higher than the same mo'un2rt icoyora., u! u, shallow ir-pth. TFhe 
 question 

i Low long this residual effect will. persi st and this will be determined
 

by subsequent, cropping.
 

S i Z-Wo ter SAu&d-

I. As it has been found that crop production on extensive areas in
 

the 
Corpo C>rrado may be reverely limited by dry periods during the rainy
 

season, an ana]ysis was mnaA of 
 the !1ke.ihood of o:ourre,,ce of the dry
 

perio~s ,or "Ner,,iicos" a. they 
 are called ]ocally. UiP alysis dealt with 

the questions of how Ion; Qo they lant ,nd are 0" ofhow ch.e: a dr
 

spell of x nuiber of days. An attempt 
 was also made to anwe,, the question 

of" wo On "vernicos" ,are likely to occor during the r' . qeason. Deca 

were colleoted from sever, I sources and combined to CO- a precipitation 

record ,-r ver Q0 , r, for the rp.. ng-ter'm tor .rlure,i,,tion,.rF 

and evaporation data obt.ained fromwere a station about LO km northeast 

of the site of the fold expe i nts 

he results nf the anal;ysis of the climatic data can be summarized as 

follows: 

(1) There is only an 8 percent chance that, in any yenr the longest dry spell 

will be limited to eight days or less. In other wordsh, only one year in 

thirteen will, rainfall be well distributed during rainythe season; 



(2) 	 There In n 5o0 pe eent, chance that the Longes t dry spel will be fourteen 

more sn ent d ry spell will excW:ddn ,y"or andi n ptre chance. th,,t t.he. longe.t 

three week: 

(3) 5he 20-day per £od from Leeember :"( t.:.'anu in hs a larger number 

of dry Bny' than M:hn b, r r'ter;reri 	 eit.L: 

() *meo,'u'renc cc wet s::n d'y ','pe : is hLiddn K i'he means of 

montly niPei'.Prin:on a.a. !hat :he ?ur and their ,0xl t are only :hown 

when the : u:<iAt Jta *o d.videi inn: :horter tUimn puericKl and analyzeI by 

d s .appropria te meto 

.Soil-wa:ter properties were de,.ermined in the fVield ex.erimental 

plots at the expe riment sttion during the per:w: Z" ,,wth Pf the corn 

crop. ni1 waxs :ne Yy. istrxnentaticn of the soil wi ,n iafns.-I meters ,nl 

electri cal -osistn, bLo.; a nt tIaki; untruunt rWin:w ; ir a regular 

basis. Tl o d rto ,.2t. ton'i r rnlnuv , block read:ngse',i'" ,l-woo ) 

to il-water... e.......t, ., 1 n! >,e wer- tak-. n the vicinit-y 

of the ir mrenrts .,'r Mor) hn 'e ci e' wpre c2'l:ctne from three 

experimen t : - and "oh,:osn ,rovi a w.d rangi, of nail -water condi tions. 

The resul ts are :crmrin cci Y7 210: 

() Althouf thn soils ,! 0. ,'n m*,trl plots lve rlmost Y1 

perc'ent clay %hey are ".:ry : ron:l' rr-c',at.od an! the:i r physical propertiere 

are like s ansin. Wter i .' I rat ion an! cap)illary conductivity ure very 

high; 

(2) 7he soils releaise two-thirds ofl' the available stored waLer at relatively 

low tensionsn, between 1/10 and I bar; 

(3) Available stored water is liir:i ted to approximately 1-hhr mm per 30 cm 



of soil on the clayey soil. On a medium textured soil about 30 percent 

more wate:r is available than on the clayey soil; 

(4) Me i'avoraule w.lter-supplying properties o' these soils together
 

with tAn,- ocurence of dry periods during 
 he rainy 2:nason and the limitations 

of root growth in the rubsoi1 due to a.l uminum toxicif,i make water i:;Lnagement 

a critical factor it'for tessful crop r.ro'Hction on "h,,, soils. 

3. A dry season e;qeriment with corn planted !n Tn- 1973 and qzrwn
 

with different irrigaticon s chedules and wet season 
 e;er mNt:, with corn
 

planted :in September, Octobv: 
 , and November, Q973 wern o';,ted to determine: 

(a) Crop response to ,.arir wate r n rcnmen.A; 

(b Crop writer urn "n rel'en to mnee-logi . a factors; 

(c) effects of differen tial! de s of l me.tcne incorporation inrelation W(walter "re;htmqn-s. 

The results of these experimen's can be su'arized as follows: 

(I) In the dry season e xperime.nts, Nithou h reccvery frcom visual wilting 

almost immredi ite folowing an irrig t.,was trtmen.ts .idergoing severe 

moisture stress failei to use wator in a normal In: f- three day,: after
 

the irrination. 
 .v,!%ranpirat-ates tic cc 


n
 

o, r cfor t re3,Lrents were only 

660 re,.-ont f tre't.mnnts not stressed prior to t he irriFtion. Water 

extrnotlin pntterns with depth inlicated root inactivation in the top part 

of the r tO zone-, 

(2) Yip-ljd wa well. correlated with soil-water stress in the dry season, less 

so in tihe wtu, season. Correlations were as high as -. 98 in the dry season 

and -. 77 in the wet season; 

(3) A ci itical level was found of one-half bar ofC soil-water tension or 

60 percent soi l-wate'r depl.ution above which corn yields are increasingly 

reduced; 

http:trtmen.ts


() it is estimated that a day of soil-water st.ress will resul t in corn 

yield deereases of -5 K./ha!day for the range in wat er stress in th, 

dry sris~on :qrimet 

se.asn ,(5) Dry yi el.. were well correlated with irri ,ation interval .and 

amount of water ,plied; 

(6) Wet ..R.Srn yields were only weakly affecte:d by dry periods of up 	to 

eight 	 days. 

A-Y we u abi ... el to r, a. e evapnt ranopir ationh.Fun...... .. . . 

to the variou. ,i atW7 porar:meters me.sured11r:n:j the ,,row:n s ,son. Based 

on crop w'itr use mesuremen, an eszimate war made of the water requi rements 

for d"ry;, -rriw ,rt and theurs n az0ed ,ng., potential For s.eason cropping 

was compared with wet season cropping. The re'ults of these analyses are 

s U!-m 1!- : ed "o,.- 1r.w" : 

(1) ... sh . esrn Yela water reqOirment ,o be supp1ied by irrigation A, 

est ima, u no. stimate includes losses by ,-, ,anotransoi ration0 ui 

(510 mm) ani 'qd ' " . - " ) '1,:0-,12 of ra If'Al (IV.O rlan) . i 

does '. .... "=1 p, > lon 1w;se which:: ',5 ii 	 serule,nviudo 


W, reqy,'j ' '" mri v" in ;1 d -0 T,,;. t(, e 2opni±'.' the: f' l d in 	 Wased 

on n gr-vity i.nor v'.7ern whi.ch in w'ros:y ner'fiint for i:; 	 hype 

veof SoiI.. A snrrinkd"r ,y.m of ign ion syst,em woaild. be an ternmatve. to 

keep.in los'ss to .. .ni. rop.e nI.g4m<erft of cht: syst e: would 	 b. 

accomtl:i e d by frro''jut wetlngs of the Mallow ro zone , mnimizing the 

losseS due to drainrO; 

0l that 	 crop 

potertial is greater than the wet season becaue of higher radinti on, 

pan evaporation, or other climatic factor";. However, the incidence of 

(2 ) There was no c-'a:uiv': 	 e'y ence the dry ;eason production 
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uncontrolled var:iables such as diseases and insects is greater during the
 

wet season and consequently the potential for crop production is less than
 

for the irrigated dry season crops.
 

5. It has been postulated that the beneficial effects of deep
 

incorporation of Jim on Prop).ioelds an the highly acid soils of the Campo
 

Cerrado were due to greater water 
 and/oT nutrien exploiation of the subsoil 

because of the more ,Otens- . root svstem :evelooed. The experimental 

results relating the offect of dif'ferent ivi depths of li me incorporation 

to the soil-water utili1 zation lead to the following c::niclusions: 

(1) Although a 30 percent increase in cnrn yields w3 obt
,ained by incor

porating lime to a depoh o 3;0 cm in corr kcci on wih i:ncorporation to a
 

depth of 15 cm, 
 no evide-ce was Youn3 that the re was greater water utiliza

tion with the deeper incorporation of line; 

(2) There is evidence 
,hat the deep liming had a beneficial nutritional
 

effcet as yet not conplletely tude.'-toi :hi ohresulted in the higher yields; 

(3) Soil-water extraction wns confined he upper 60 cm cf the soil profile, 

with about 80 percent of the crop, a2comis the upper A cm. Meoil

water extrac tion n, ,e'ored r, be in,.eoendnt of per;'enta ,.ealursinum iaturation. 

It is estirM tLel that. , nhyrn-r,,-,-season yields of corn will onl, 

be about A percent of poss ib le yicl s cmentnry duringwith supp sirrigcation 

the wet season. Impr'ved wet season managest is required forwater eii t 

intensive cr'opp~ing in Goh r:,ion if yields are to be st:aibilized and cos tly 

inputs repaid. 

6. A study was mde during the summer of 191h of the possibilities 

for irrigat.ioni durin; both the wet season and dry season in the Federal V/ 

District of tra',il which is reprnetative of a large part of the Central 



.3,
jt) 

Plateau. Data on climate, hydrology, geology, and soi]s were collected 

from nli avail ablo sources. At -epeent:.,,1tivo sites O vcie al ao il tests 

were .2mod ' Mnn ovil vollect- O fccutr'2ir study. Part of o oi 1.20 

were dione. by locally..... .,the. li Expierimnt M qt"in ner 
...e x- .. .... " I",r t ," : " ,.n-1]T -. /i €e ~ l 

Brasilia.r ther oil te r were e re...d at engineering.r . Cornell's 

laboray. ,in tha., As n resuit of O stdy the fol.lowing conac usions 

may :e drawn: 

amount c" irrigation water may be ,.9'iuf ,ta o irriqate Q; 10 pe'rcent, 

of the Fcderal imc during the year 

(2) For a year of o- -ae :ai.fai about on third of"the prec-ipitation 

goes to d.. _erclai.. ... ... wa.er i released from the subsoil anal 

subs equentlyt. is grad.ally r ,-charge-by the rivers and streams . he quality 

t..,) bra *u :ate.-may ho an important irri gat ion water source, especial ly 

at h.i:h eevations. v r orm springs isa reaily ,c,.aile and can 

( ) Engr n,-- i :-=: ,ow %!a% 'ho h.q4 in it i,.nr trim and 

-<~- nun ~a an dcond(ition: 2 . in1 rrnnr:. . alp< nn rm pon ds, raqeo~e 

percolti- on (.ar-:oen will,i ... nil e l 04 avQ T ost ,s Ortizi ion c41vie 

comr acti.on as a. eto. 0 ", o water Ksi s is no toath of tMe Pos of' 

plastic ].inings. 
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AN t-M anv-water k-ia tion hi p
 

Studies were initter d1urnKI the 197!L 
 dry season to determine some
 

of the phys ol, ', riprus or orn to the ts.l 
 r'tlity'' an( manarent 

practice:; 'Idr inve:'. y nrL Ut experiment s;.nl.nn n;r r.:i.a. Two
 

sets of' Wii rroel5td exp:.r:.ir, me.nts ari-, pi'nnel d " i 1 L roi. a' -o . th: 
soil fert.ii ity exprenrK One rot w'il forur an tho nbove ground portion
 

of the corn lnnt nnd t.milel growth -nalyz: stuies will he made with 

partou-lu, empha
mh- on effets ;:f w ,, :trer:o yl,,-d to soil
 

treattments aid we hr...'pa ernp 
 ', 


set oV" em, ryr 


in loth 'd'e. g ,:n. !to second 

,il ic. -'Oon the 1c,,:w gr-ur, portion .X he plant.
 

The ef' ts f'water s tress a,-some .Th ! &o%1 a.. 
 s of root growth
 

and development and 
 on nie a water up'-takr<e will. b4 studied as they 

relate to ioi f-rtilitii and management practices. 

In late April, a.nd early May, 190!., Cornell soil scientists, 

Itrs. 
 M.. (].Cline %.nd P>.K. [Lathwail visit.ed hMaa to vo:nsuLlt width 

Ghanaian,of,'i ",.' a" il Acientist snA 1<,j -UsA'n.i 
 'prsonnel 

reqa'rdinq{ a,pr,,pasod nooperative soil] fertility.? resvunr:ch pro ject. On
 

the busi c Th 0 Ln n ns d 011he in;.'( i-,,- 1-. itrTn! l was 

con(d0 
l dI . t p -n- c vu.''ry ood W, successf"', o ,o rntion on 

30 r..MI 1 Ly re'',"h be ween Cornell Unvrsity an! th, Soil Research 

InstLi .at e n't MasiUI. A tent-'it ive cooperntive n reement, ras drafted and 

reviewed by Di retor Hnry Obeng -aid his associates of the Soil Research 

Institute, the E',xecutive Director of the Council for Scientific and 

Industrial Research, the Agriculture and Program off~icers of USAID/Acera, 

http:visit.ed
http:exp:.r:.ir
http:s;.nl.nn


ard D'r. K ,.; , . o .. . sciecnt ist of t'he in. tr' mat i nal. In:;itt.. . c I'"Tropi cat 

Agri.cul.t ure, 5.t ;Jr. , ;.. .:. ; , Fubs;e,.uentl y".,, the .,yr'eerrt 2<. wast. ap[pro'd,. 

with 1ln.r Mdifim ~ o, 

-lie e,.,',,,;,- ..... rt "va.ul i +focin: on, : iW O:. fli ;ngt Chico:,. . " .. o'rn V IMh, 

the foo 4n no 'f vr- 4 .% KIare li 'vn is 2'p nve 

W .o p.h=O: , live: ,.p!:mai[y irveluN! wnrk on 7 rp" ,n, rh=.r "n!; .>rniny motho,.h a,," 

.... , _, ' ' .'' n'!! ! 4 4(' ,UP 

r j w 0 -1-v,-t -- rwn no nn i n f orp~, vro•s " March. nn! i4fi 4..is rho mi", fr ainy se',.n h-.t'.-

ti n '4pn q''h"44 L--% ; f D . W l v F i, :~ 

to -hiniiin f<Jj z ,1~t tIi o-. WO!helrture 

Per, o q.n W ar nev;) r 1: ncz. W nwie, sRK", l"Ing 7h!+: pb, -j r", 

of t:]iflo'!. . . J ©,"i " -h 11 a !,,h' W ' P n , n ")' 

resea~rch woul.d rela~te %~o the: silmi]l %r p-roja.c'.s itsn '+r,- i-:Jco Lndt B'r .. 'i I. 



:51)1 (a.2'flf:( )- .:,eYY.2. ri ( ,7 2,,- 1 . t y - t , . ]tca 


g .
"2,ts <<ri ',?, [ *:i... . *' -' .r, < :... ','i~ ',- .',,1. . ... . ,2 '.::--; .,-,' ' ' 

i .... v'' .. .. of 

. 0i' .1,- r ' 1' ' ','4 " ,. :i the nn 

( i!'!',.,>:,mt hed:f; U-v 

l ") , o i. 11 a ' I , ' ' 2 ,',,i ,;!(" ' ,.h ,, -r:'.:".''av' i ....... i C. u i on of
tx 


In2'' [r 2 ] '2>)'' 1 ..'. ' hn ' ne o th, "A IP~ t iorK-t ,..,. ,,t":'K... 'ec elu 

'i';aO ., t.,sll'1 .2, -:'.i, . . . f h r s. .a ,! tn o- ,m17eash o ul 
' -
)n[',ct", (, .)o. . '' {,q , h t r;" i n"vt -0, o-, '- ' , and> 

in. n r ,2 ..... .. ..... .. 1 . 1 4he
2"': 'hoa.clausions 

a"'r h( : e], : .. ::,",, " s n : ! g -r..I .':)Tluositiorl> L~,: of 

1;.:i
,On,p,,)"1r, ,1'1nirltit,,.i ';t he. Ct.-.s!.i.i<i f'- shouldr.' res~earch 

Thert, wore , howewv'- ' Lnd,,iere,;ti nl- novel ,"i Hnng s. One of these 

was tbhat ', .1s 2'ra tijHsorithe ]L the ;,o'is we:re found to have a reactive 

S ur 1:mwe phase , extas :tb 1t2e 22 i C d s cn' uHn '1orh do s, ution , that apparently 



.. ......... .... i 8.)1l
... ~ ~~~.11 . . 

is depeted innsilin *or c-nri oe in alumiinium (cxi.J' r in' lve to 1h2 Vi-] 

of the- Huly f _l k . .'0 15 't . i,,, ,iw c 2 h sr o Ks 0xtr.-moI'; s.aL 

in n--tun ' i'n!! -2 "atV i.h-,, P .. one no,7 on " 'he !k,,... 

fractions,. in :. , n; v Or, .e houc an i::flu.enKY .f,'t n .' 

nur1 n-- .- m-.;o pr -C;in (qv---' an!-'''' retenT1't! -w :<. .nlhauminuil 

le'vels of" the., n."n . 

2orr-l'- es ]. C. " W. 

sbunrdant* m:in'er0.l in.: -rqn:i wn.: an i :,,r , U . .i . 

rat-is- highly was n .... t 4P 

the frac.<tion,;s .jusr..tT pp... n , . ;-r . ,< 

y W jon r .wo aBsmall
yeidCq 0"-isan qurt -. 1 jjfne q. ofI 

anount~~~~~~~~~~~~ clFof sol A4 fwhc ~~ tn--- 5Le

ni" . 'rpr{c 4 91" ' K-'. :rom - : . -that an . w ''' ,-  ia . 

lation " t -.-- n, ''.- -- 'iil ' . tehrjnmre-,K -h- 'h q7 

epiv -ufc h~ n Own- Won un!' forfr ~ com hhly -zr-' ,. arid 

soils from Ontwl 

Altho .ug.. ,.Se. to c....... i ,,i0I2 ofthe011211ip r tilinn"-

surface r4-,ca"a ve p . Ip ia irpitdi gm-Wai i g- . rinq in rog... 

to re omte i mtnwr tt ot'<i - , K' of slIFrfli. n-l: ' i 'idi I n1v; qn
e

UT) ders trin:rj - of tGo more IIIYOt,,.ii'. n,.1 ,.:I ,:.; l-.t ma/imOp,;.itie ,'.1 

exitst within U.,rhily weathered soil(' whioh are iml)oit ar. in .termniiin j: tWeir 

chemi cal properties. 

The results of the labo ratory inven Ligatinn were 0 t- :2,ent,",l at a F reit. 

annual meetinr of the Clay Mineral S,oc iety and a rovn,.'nri1 U 1 bigJ. pre

pane'd for ub ic tioI. i '-''- ANDi !.YAMIN"n 
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. issemination anrd Utilization of Peseareh OWEultr; 

Ile re:' 1 -r ,h researph a3 in previous yeaurs hWve been dissemi nated 

in number of li feren wayas: Q.) :emi nars, conferences, nnd workshops; 

(P) puh, i , ; (, ex',,rimenO Vwto T si 0. by arqr' extension", 

aqeni.,, sr'iat,i , %; Phern, tn! :1i;,ients; (4) gradn,e n undqrg.raduate 

ZfL'~] [ ,i ' o J, <r4 [; .1 K' L ni)' ;. ;: l
 

., ;.: in
,'inrs, r.nfer-e , workshoo oi.sults; o!f the research 


P etn ,ico an! Brazil were presento in Frebruary, 1974i at a seminar in 

Cali, 41"Lin on Tr-rio.vi' S ].!.Mnagement and the Development Prouess 

Eponr:;r, bv -Aby .'T, 3td the University Consorti, ,-n -i' the Tropics. 

Th, r o ti 290 .participants a> the week long smi: ,,r including 

re n r prE:, teachers, extenson atgent, aSdmnistratcrs, an : students. 

''c:t ""'W !rm .anr,- Latin Amer. couvntvi;W and c. 'articular interest 

was th,, rost I 'pt.:i. of' a in n , sci rcientists fromuber of ycng a 

non~m er .'forun!r'!" r:pnrch an!i edu'ftioalt iinstti i-n. 

on ,'u, "Win! i';'-: * 'Q toxi wiith root gtrowth, 

wo1t " ; '; ,, "',iyi iAo r' in i n q' of:th eer li stri ct"'" was 

preuyn, in<,i V'i',,r~ue:" in:H f , -riz. l in July, i'.h al. a syTlpostl Oil 

Viopdi Wg .!'oP:atnts for 'lO-ri ne to o Cflj ]Ci, Of ,l0zLrl.l.l ad 

Mo.r,:i. ,i'to t he A jil . Ws smn:; i. won sponsv'red by the Brazi . ian 

'i,Snvict rI'Proghres;s t, As a rsult of ihis symposiulm, stimulus1,h 'tit-ce. 


has hen qiven in,more Ointensiv' rescar:, effiortsto Jevelop crop varieties 

wHiOh .re more toolerant to soil toxi citiF.7 and deficiencies as -n 

1 In'! at !art o.n overall objective of miinium input technology for 



small farmers. 

As part of a seminar held a, Campin Grande, Paraiba, Brzi in 

July, 197h under tWe auspices of EMRAPA, wo 00-minute prc':utionn! 

were made by Dr.Dd rtva752p artici1pants oni the n'; 0concei %nd 

in thn research pg' at the experiFinte sti ,nmethodology involved 

near Brasilia. 

in wns Iv" in Prrila ty Dr. rudormnA pr-esinta i,'n 


to 100 c' r ciant K&Oc' nU''i'ur, irail''a u2 2 rn ,ty ntaff, 

and students on r-eyarch in sails %W p-. nu:rioicn tr'Q. Oentc',, 

Plateau of raii]. This pogram was sp,,re, by th University of B]rasilia 

as one n recent .velr,ment3 in crop and soilnf ten conrfernoes ;t 

technolory. 

Periodic semi nars in Port.uguese for the staff at.he exn'erLm,'nt
 

station at Brasilia hho. been held throui:iRot the y.,r tn cus,: the 

results of the various studies ncludinF the iminF experiments, sn.l-wnter 

investigations, and studi e:o n '7 he phyKI ogjcal efMcso f water stress 

. 
"c !im- '; phsphnrus appoo aioy 

Publications: Report: .r, pn'-,'o for publicatirn in tenniOW 

and nontech.nicai ,:ourn_,0an. oo'str m1 h'2e of %he ,resenar ar,, 

completed. CopW M;.St iiu I V:, . :n',d resn2ar',h work or:; , extonl on 

agents , 'eachr'rn: ,,n. .udonit." ;'. ; tF imp t }l 

in relation 


and "" h, m,,r- ran pu ca

tions ar 
 prepa'reI for Nrot o ion in the qw rMci:,-iy A.F. . .p:-:;.arrh and 

Development Abs.tracts. A:n an outg rowth of the re;5I."arc(dh, soal. acidi ty 

and limin, a comprrns:ive revi"w of !,hi.s, Ae aai.2,bit r,-Mite:;, to the 

humid tropics in now in pran::an a bul letin which will b11giver, wide 

distribution. A li:;t and mIObSt.rai
1 . of'puhbi ,'vation:; -rt. i'KI m :;nbmittd for 



publication, theses, and reports prepared for conferences during the 

past year are given in the Appenlix. 

P!",,1,00 Site MOM: Me xpe' rmental s'itar in Puerto Rico and 

Brns iin -otir.m 'a hnvy vsts r,'ni a rubstrmn ll rnunrher of furmers, 

extens ion agen's, sciti.n. z , teqcher. s "n the. an,l ude.ts %, keep informed of 

propr, "t Q- r',se,.ch. The vey'high ,pton ,-, W Tlanf":ins in the 

experiment itn Perto Pi -. cont inue draw laryo . -o" farmers andto number:; 

extn'.i on aq.u.ent,. IT is , tim.ated thiat :ame - 000 i ((er s, , now visited 

the pr tlswhicoh hive ,-monir;tr.'t:- 4P.puttir2 f"r hi.h r.odiption with 

relatively moi :t inu:; on the ,ji soils. 

Stent Participation.: DurinG the past year twelve graduate students, 

,fore ,n and U.S., wer involved in the pro.vet or re.-earch relate! ,: 

it. O thse ' were involved in tess'research in deveopin, 
c it. ,,i tesn e, ,"a,.. e e ." ! .. n .... s. 

-W reported in th ,section on .esna h A:sam.iish,,.me:.t. , five awronom 
M1OY 

students fiom h, University cf , rnsi-, pa'tic roxt,'d in the research 

project. Eaeh si,.ent under the supervision of the project coordinator 

wts ained wrp:ibini~il Car a rhase of the work and this served as the 

basis fCr a tes fior th" iqrre of Enoi.,.i:s, Agronomo. DMe of the students 

wa nwardel a uchol n'Ahip ":'Yrm t he 4i' n Rneseareh Council (CNP) for 

parti,'ipation in Mhe pi'oj.ect. 

con:ultation: During the pas" vear ;everal of the Cornell faculty 

involved in the resear,,h weru requested by AID to srve as consultants. 

Dr. Fox spent two weeks in Scuth Vietnun itn the fCalL of I9T' for the 

purpose ol con:ulting with ATIP personnel on soils problems in refugee 

rolocat i n sites and on, soil.s research in the count ry. Dr. Lathwe]] spent 

http:r',se,.ch
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anticipated that cooperation wdi be ertablished with the Crop Research 

[n:1 . tutc at Kumnas i and the Cive'sity of Accr'a at Legcn. 

. Contlnui 1: -_ a c,'.t, a d research liink gf<:,s are be.ing maintained 

wit h the Internktiona l Res2earch n:3itt...: (1) Dr. Kanw- of the Interna

t;inal 1Ins itt; "f .'ropiml Agr i c ure (ITA) at l n , Ngeria has 

pncicipated the di:cusi; nns of tp r.. -se<- reserch p:ylect in Ghana 

and it 	 . MIa poti:lt,,d t 'at t -r, will h:- ,ajlaborati-. w .l Till'A in certain 

ofF t -''pr-- On, nr;om. in a ' T ru.C j.;"nrc'in , :,r 197 4 

on .' 	 i:I Sol!". .. * u nt and th- nt rvPum t . . -,:, nn. opportuity 

Was TCrCvilcd tio ntert with the si .nt ,.crop c2, n'.r-tn. o::,f th" Centro 

i nterna..nrion]. de AgrinaltqI'iru Tropical ,Q.... ... .D.TAT 	 A candidate 
"tU3O:I ;]n;so,..';r 	 . ... . ., +., '... . " .T I:3 l. ' 

fromn myr,13 ow Kiq h 1F 7 hs 15 espar at CIA 7 ti:3mava and 

Ph., . a 'rom Ghana cm.,l ! 02 t.es r-resarchU Air ing the year 

. s c l l.... , v'd-' 

researh - . a,il S K a,."r1 

at. MAT on mth K! thU2' "o,,- graunte int.e pip nary 

,' iTi..'. at the "cIc a :;,.l e,,cen , one 

of whom is rjnrn- in onil scinc, s contn"uing Me .liaborat*'iv(

il . I M i', f I th the Ftra'! lo 'ooe!nter im,'.-.w. ' of L,'rn alld 

Whet. ( t'" ... Ile r >i-cc n r ;on.. ,rMthe r:ui:iaice ')t' Cornell faculty 

aold re'von arrh 2210! _.MY Me program i s ncw in its second year of a 

fIul- year proraa. 

'h irough th c .S. n.iversity Co nsortium on Soil.s of the Tropics 

(Cornel1, H.awaii North ;O-ol i : te, Prairie View A&M, Texas, and 

Ptierto R('o1) i,ni :nna.. i, and i teas are c xchanod on tropica! soils research 

acLi vi Li es tlhroug~h pnri od ic meetings, <seminars, and workshops. 
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6. During the past year vwiting pro fessors amd ;3ci (ntIrts with 

extensive resecarch e cncr i nae on n;o 11 of the 1ro rio hav Fci~rouone tie 

D. C .oppcrtuni.ties for reserch linka es with tic.r ..ttut ns-. 

Tharre au, soil scc n.c withthe Insi.. Ap Reph -' V.granamle 

q Col sas ,_.,,,. r the 19 4 ri nin ce t.,, 


-

Us Can._ Marement o r the S i.ls d W.t-Pry ro c..lectures on The "f , I 

of West Afri ca. ne :--ui' of i :reena is that ar....r..r. s nr now 

being mle - Mr at'<j to.. '!his . .. a ....for a ,.cD.. 1 . 

the Ivory Coas in c.a':- " wth .. Dr. PA . ' Qxr *c;"of 


;h- .- t 

Shi fting C vation'' iv ng . :a lectures during, the 90 fall 

University, England, co-nuthor of th, '> . re .c a1i .h.:. Undr 

ltI is a sf . "i 

term and consu, c cc f or: iping with " a1n;.d,,n,- o-on o 

in the h"71.1 andri:":r:c zoci-, c-c re:rnr.e work Africa.i with niL 1 his in 

:',:-::o! 

maintained cont:, ino c.act w; Ke DiKv s'ion of Ye Ic or the Y.iiit.ry 

of Public Wor.. He is neri.,lically cia ld upon by V-',,,1.. iea 'r,rnmuntei 

officials for '",,[vice .lV cud : tio th,ir e-n.rcah q. 

7. Tr ough hic graduate s id* r: " from Venez iue , . r i has 

*-...'-,with 

tra ningr in :_,- s1l si.rwr.I 

t contaKt "c,,nri<, w :in "ci s Romec 

and at field stat 1:ions. 'here has h, re ur ex:qange of a:.Is researci 

publi cat,ion ,s in the your. .. an FAD ci'nhis work i 

A. Perd ic s Wi 'cc lAil c entis in 

past.l. Mhre is 

on a soil testing projlect at the Soi]l Rosrarch n0hiutite in Ghrna, and it 

is anticipated that there will be ,sme collaborati orn with him relating to 

the soil fertility research proposed for Ghana. 

http:Y.iiit.ry


r.'-rnrittd on Mn rch 31 t97l 1 r.b.i I jat i i unlc-r 

cntr . h rvo i,-,n pali.d A new con t raJ' t a-'o I 
 4
 
onrAno i "1., 1571;,) 

Cornell] ubcori tract 


Dalnri; and Wages, ,i,.6j6 ,, '
 

Owrhec 1d 29 30'4.9I2 ~ } . 5 I ".73,Q
 

1irav, I an d 'Irnsr tM ,n ", . 5) ',..
tti ... . [,% . 1:j 

allc:wal -,l -_, 


i:Umrnrfurt1 Vehi cI :; 1e2 '-1 . I 'g., 0 'TTniT,, 7I 
•tl' el ... •,"s Q3C 


Ut. 1 ,n'.Drect....t ,,,281.96 
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L Iex ..- .., ' I !9"' t -",) ')7J li.,.ndQt r.c--c,A A ,::i:2r') mr ; t:. -c-r' 
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SaI ,' id Wn. 3r 

Uver ,t-, 0 I., U'-,i 


Yra.t' 1 "o TFran ourtat ion I ,7u '2 3 chQ 

Al .'a,',c 
 910. 00 ---

Eqi,omen, Vehicle.; anld 'Supplies ii 87
6 3,509.7K 

r Direct. Costs 1 , 81 1 ,14.c05 


Q TAL 61,127.35 $ 53,611.8 1 
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T,-nt ai 

1 42h.' 

jJ'! ,,!*0..o 
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1'" .81,
 
19,166.81 
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H. 	Work Flan (AurilI i075 to March 31, 197b 

The pan K work f'.,r1,-117- des{oi bed below ol,Iows the ;unorn! 

A.Q.. 
+ 
mc 

" 
l0i Unas h n ,' ou
p*il]ain wh'oih vas a., , . ,.n 

results and new to mo.pron A " ct i es. .;planed the "I' of 

. Ri o bt with ... attent.ion giveneffort will be o .......... . " . .. 

to ,-M ms sb,:: .nd u'rriii ''o( such s planutains. Th e 

work in Kh-na will h-'o:-: ..-i'tnt- . . .... in planned w 


n 
simple cxnr imen", on- Mrmurn:;ri': cc :upp Ay pl'nnm'ain x i nii'ota 

work tc be "on , '2, the So il .ot, ,,+, .a in, ieve!:11 ,.e-.hrc:. .. fO.. i . 

uf effor .in W.. __ l: V,,. .... lasI. '',ar an will the 

phy: ica,', ,nd Tnal,.± ogical studies and staff support.on-campus c'hemica., 

One im or t ant rbj3 - h is,. ofethe:r.. to devei'r- ways and m .ons 

,

by which crops can utili ....he : . the mre 	 Althoughnur Ao roil e ff. cient.. 

*-r'opies to 

inputs of ferti'er r r,lrti ,on, will 

a large part of the p -'-V.nin .' will1-oly,o'ie 	 an I rge 

' 0o a u n , .iustti 

inputs bern
continue to deon or Y ' Throlu with little or ' (1 c!' 

economic geographic, social, and i l ontraints. On apr Q ; 

improve food producto'n; wi mi rn : :vel.op ,or[, vrO,-. by.h rn' rnputs to 

.e: w ol m-r., e ciont y the irrogo-"plant 	breeding vec;do vhich 'it:i i; 

*n"soil nd which would'. be ,nor, hol,,rrnt.phosphorus, and .ther no-"rint. nin 

of acid soil con:ition: etpnal-ly in he nubcort where h I h leve.s of' 

soluble aluminum Lnd/or mangaese plan root growth and hvc" crop.Imit 


production. :Tnere is ,,..;7 ' -d'n ,', 4K penm -10Utic rii. 2 0 ,,,'ii .md 

other food crops aire aivailable which can itilize low levels of' inorgani c 
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nutrients efficiently. It is proposed to explore the possibilities within
 

the budgetary constraints of the present contract. A work plant and budget 

for an expanded effort in this work was supplemented as a proposed mneninnnt 

to the prevent ontrart. 

A detailed description of the research activities under the present
 

contract follows. 

Puerto Ri e 

Exerimernt; with corn and "nfyb ea: s a continuing effort to find ways 

and means uotie.z nit-oore more for corn production,atiiz,. efficiently 

the 'or nitrogen field expuri., si tes were reiivided in the fall of 1970 

into three main p[t. :, ose were planted with soybea:l:, nrn, or left 

fallow. The soybeans and corn will be harvested and the soybean stalks 

In spring 

nitroen fertilizer will then be grewn on eacn of these three pret rea;ments 

and pods I eft on the Iro,.. the of 197Y, corn, with and without 

(corn, soybe s, fallow) En order to determine the POfect of the residual 

nitrogen.. It has been shown in the continental U.S. that the residual fixed 
nitrogen from a s:)oybean crop is o.ough to raise the grain yield on a 

subsequent non-nitrogen rertilized corn ru by 10 to 15 bushels oer acre. 

in Puerto Rico and in ,ot.her t.ropical regions high y elds of soybeans have 

been obtainea and the time between crops is less than in temperate regions. 

Conequelnty]\, sunbtantOI -j L residual nit.roqen ma, be avail i e to reduce 

d on for yields of quent 


ExjporimnintQ witah i anwtrins: Ile nitrogen and phusphur.c fertility
 

the npi j ni tiir equired high a subp:: cop. 

ex rim,_'.nt; with pl.int .i wi.l b. ,-ntinueod. Th,. Uroliminry data from this 

ye:,t' s crop i nicate flt. yield levels or" the i'st, r.tcn are as high as the 

r'ptC' d " . ir, t with 1 1 t ot...r no;!,it: An ro' rs:;pone to -pp1. lied nitrogen 

http:rim,_'.nt


1 

and phosphorus. -t i .in-ned to continue the expnrime'nl to determn e i ' 

the yields f ub, uent Moon crops wil l bu nus K prnnnunr 

Li0 , The 1 " , ex .,r.m-A c th, tes 
LIsl ; c i~b .. ::',u.,. ,nt t,)icitexLr ?hc t~ :(eepur ch ,r' ] 

crop W H OMi'hntey ar'" li-... be to rnK- lrng:-,.,rm .,-"., i ven,[f,-ue! hAt :,T:h,, M ert, 

of nr f roviin , ... ... tdeen p c'r -, l , ,, .... -,+,. i n fe 

r i dhigrhly q~ <ii 4 t,<onsecqu,.nt': v i,,d,.i o-s>u!ts; the?sb highe!.:r Tho r" Vrom

first ,rn cre jif' in the fal .... Lh]o] ;Ie..
 

(102 bu .. '.-) -,n An top 20 Pm was lJmed, to 8.40 ,,s/hn ('26 bushels/ 

acre) wh, ,e l:ime was ;ic*rOrnY Lc uo depth of 60 cmi. 

Phoorhorus xe.. .. iwh ,orn: lhe field study wiil be continued 

compr-rin- the re. :iual f.ectn of .' high levels of appli d phosphorus 

- =n' yeaindic . smal qeReul: fw.th c" atet,. Oe. apliatosd. 

........... . .......... .. ::'. 5f1i1L%.] ' Di(jt~d JU' .1 1(it tea[Om
I ([t])l 

are more of Pc 1 v i ni 2r, s ng yiel is than I arge broaecast app]i ctriE on; 

Brazil 

Sol for'0kty s tuy : : sen the coils of the Campo Cerrado 
' int col.!abarati,-n w:itih the B ..... " Agr' a i.Lu ,,-,,zaa t,. CzH ,' ,_ r - : <_ t e....].Pe.'; ear_.zch ()rganLr icz tion 

, -' i ' rr,., .. Ui 'rs ity coat..ar" foeus nnrO ri : il rLn Lhe 

responses , corn and other food cro. s t ff'e rent blve]s and maLhed of 

applic.ation of n itroe phosphorus , anoder' :,.e rin moea , aindli m e to iChlo In;t 

efficien-,t way2 in which the app.ini nutri.ents may he u t,i ized by the rop. 

Nitrogen field experiments with corn were begun Io. year at a so:,ond site 

http:e....].Pe
http:t,<onsecqu,.nt
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"e'imi texturedon a urn acid soil which is representative of extensive areas 

in t.he reg i on. hese experiments will continie for at least two more
 

crop yerna in ,i'la to 
 do terminet the nitro .'en utilization efficienay. 

'lWe phosphorus and lining ex.eriments with corn wi.. continue in order 

to determine t/he residul rf'acts of the trea tment; on subsequent Props.
 

It appears now that a 
ombinton ,.f broadcast and baniel phosphorus
 

app]i rt on;
enldi: :ozt - Wie.n, b.ut tii n.. rial ain the field are
 

requi -r c , .
'in O n . te res.us.
 

Prelim:rnayr Lr'a 
 with .,yb,%n We indicatel n.hi, production
 

potential of MY' orop on the 51s 
 . Methodw will be explored 

on how to attain ;cc! pr,, 5ionwith minjlm ln .plrut.
 

Me experiment an hoe infertile Y,' 
 s of the 'e-mpo Cerraio have
 

concentrated 
 ,uy far on nuiOyinq nit"-,-nen. poho ' , arid Lime most 

effectively. As pna;sium an 'ium
ru es are very low it ese sails more
 

attention " .i1be g#iven to methods 
W supplying these nrents 
more
 

effiient y :;o that lhoy are not iimitirF.
 

Soi-Plant-Water 
WaeI i nshirs:n Experiments were iniziated in the 

. f
s Orin: I 170 ttdy the effctOf : & !. cI tertain soil management, practices 

on waertr.e.. s of the corn cro,-p durinr' moist ure deM.ci periods. 7:is 

study hs invoiol ;ed tho measurement of gsrowt.h responses to water stress f'or 

both th bvebove lnd bol,,0w .rr:rind p,'i os of The corn pl.an t and an invo n41ga

tion W' the phyninlionl fac mot resp:,onsible for reduced g'owth and,,.rtors 

yield an inCI'fenced by plant. water stres s. 'ie study also wil.l relate the
 

chartVci; .c of nutrient and writer uptake to root growt.h and development 

to the varions soil fertility treatments. The ultimate objective of these 
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studies is to make recommendations for the most appropriate water management 

practices for cultivated crops on the soils of the Carnpo Cerrado. These
 

studies are plnoed to continue for another year.
 

Ghana 

rOllowing the visit of two Cornell soil scientists to Ghana in the 

spring of 197h, plans have been developed for collaborative soil fertility 

research with th, Soil Re,purh Instit toe at in;,sath' eacid soios which 

are extensive in the rgon. A lnn between Corno 1.tve avreement 

and the institute has heen 5pproved, and it is planned to Wiiate the 

field experiments in the spring of 1975. In addition to the main experiments 

on the land of the Soil Research Institute, it is pnnne to conluct. 

supplement ary trials on farmers' fil where the soil:; ar' simi.,r to 

those at the Ins.t tie. V has heen agr e 1 that priority in the research 

be given to dOvelop (1) Affient methods for supplying the nitrogen 

requirements of the major fO croprs for good productions, (2) methods for 

correcting soil. aridity most effectively, (3) methos for econorooaily 

supplying phospthru:. for ...t..... crop rodu co , n (.), thods forr .

more efficient s:- of Pail moistre in relation to nutrient uptake. 

Cornell-It ca 

Soil and pl ant samplnes from the field experiments iii F'uerto Rico, 

Brazil, and Ghana will] be analyzed to help interpret the results of the 

field exper mentn and provide q bas;; for the appl ication of the data to 

similar soils in other n.ren of the tropic2. 

Mineranoci ca an lyso s of the clay and other ;ize factions of the soils 

from the experimntal ,lots %nd similar soils from other areas will be made to 



assist in the inerpretaton of the field results and the other laborptory
 

analyse;.
 

A 2 earch will be made of corn and sor ghum germpl.amn which :;how Snmo 

degree of"tolerance to un ivorRbil1e sil1 conditions suchl an high levels of 

soluble al uninum om/ ,orianes,ean which in Mare a , -pack to uti L.ize 

effi-ientlv Ow VM! or nit rnoen, phosphorus, ,nd ther nutrientv in the 

soil. Th, co] ie' -romii' , w Lente aiqnor ng. grmpl arm:; ,1 hn he in range 

of art ificial mledin i ,elutionr to si muloteoi so lutinn o onp,:ntrations. After 

this pre].iminary, cr-ri the bost m O aeri.2 in cf the soi.1,.eac 

problem cateogries will be subject to more critical tests to determine the 

tolerance limits. 



Work Plan; Abstract and Time rtbi , 

Locati on 

Start i ng 
Dait en 

:pe"n, 
u:t_ tt 

d 

PUERTO RICO' 

1 . N gt.n,2 experiments wih corn 

soyhesms at L field locations 
an 1 

October '74 October '76 

.. Nitrogen and phosphusw expor" ,en 
with pl]antains on.z:a . .....ropese tti , 

ULtK .oi. 

3. Sub-:;o., 1 iP=' n,, :.' nr,.. nhig...i: ,a inum 

soil with corn and sorghum as test 

crops 

Apri. 

April 

'74 

'7 

June "76 

October '75 

4,.., 

test 
....Q x.erina 

reridun! effects 
with corn to 

April '74 October '76 

BRASI LI. KAM, 

!. 
ex 

1,., ,
ieq.<.n:-" 

jhqs ,h ,rs, nd llmin.I 
. -Rinn.s and,rmetho,,l -'.f 

fertilizer 

food :r." 
and "imq"7 corn and oher 

April '704 June '77 

,requira 
, r d .r,.. .. 

on--, 
-:r 

K,:h,- .:q, 1.i "-f ";n, C'a-m 
"_': r n ',.,0V, h c: r o, -F U Vi : Ap r i l '74 Jun e '7 7 

of snl!nETn rolo uwe 

s;tre ss of" c-rn cropb du.r]inq mnxisvlr£. 

defi:it n'orlad.; April. '0 ; January '76 

GILANA 

1. Rates and method of a:]'. .in or 
nitrorgen and r.h:rhcru:; ec' ir:; on 
corn and o)thor .n, ornps, qt2 th. i;j 

Rese;,.rch n2 i t u n r Kurar;i 
repreetativ a,.I saik of the region January '75 June '77 



Wc rk hi. a ri; Ab;t.r a ;'t ard Time Table (cont- 'd) 

Starting Ex' -cted 
, , f',h n-, .'. Date Completion 

. i ii no~x c rrn ft ' and id fVereMnC , ,f 

;ma ,' on in and 'th1, fond crofT::; 7n 
r, a'rrita i v": a,-i~ , ,I : at the: B.eaearei 

In at. January '75 June '77 

t,o .;1p1) ~' nt exp a' ent: at 
the . r'.,M... iut' January '75 June '77 

CORNELL- ITHACA 

I, Lnboratoary analys of ao l jodplant 
sampi ei I'rom the !'ield e,'p<,..m., t 
in Pu,.,rto Pi rBa:-A L, Ghana April '74 June '77 

.1 bas '~c 1 * , 

'Stiaff r"m <th , -", a r:, :a,."ofre loApril '74 June '77 

f'ial,:.rl ' . ... .. ,.April '7h June '77 
eJ n -ani ::"a.... :- oiol]ec t I 

arid sorghlm gccrmni -l'which, o'how 
tolerane to aold soil inffrtility April '75 June '77 

http:f'ial,:.rl


Budget-- April 1., 1975 to March 31, ]07f' 

Sa.arie.s and Wages 

Overh ead 

T'ravel Tni''Tnaraio: 

Al .owren 

.'L , 7.hiciey:, 

Other Direct Costs 

rand Supplies 

TOTAL 

$ 158,000 

; ,000 

.. ,000 

18,000 

!P;,000 

'0OO 

$ 277,000 
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Persorne 1 

Profess ionrl personnel with full or part-time involvenent in the project 
during; thn y,,r. 

Cornell ;tnai'!"
 

iDr. ioO.,hrw Dro:dnt'f' - Professor of Soil Science, Pri nrci pal tIIvesti r'ator 
D h.R'ic,,rd i. Fox - Assis;tart Professor of' oiL Aci2once, P:u,,'ce, !_1ader,

in luaertn .Rim,'i 
tD.' Io(?'i' (r. ' r . .'';"ocia ', P. , , tPen ,r in Brasili. 

Dr. 1iobtrl i. W,.ver - Assistant P '<,"?, ,oil Spl.ine
 
Dr *Ums''n''W. - A'noint- PrPofessor of Soil 


, 
,'r nc,:
 

Dr' N)-.O A "H. Yn,):l - -Y :"i}1v Hn: :1','Nr<. n 5-" Sceence 

Dr Rob,,t B. Y .n.r1v -, - of Cro, Sciene

Dr -i( Jaml-!-;

7 1! ' ! 1r -w P"es N,r c.:r 1<st an I'lzn-v0rWni1Scie c_1.1r. 
1 1''7b. '.v-,''p1 KA-v 

Mr. H:.Pal h,-yr-,,n, - rP"p 'h .2nsihi;1ant
,_wn. 


Mr. D",:tl' 21 -~l i" .1 !;i 'u.. . . ,: 


I ,:i'to i ' ,< : : ,'
 

1 q ,ri'.un' N o .-D;i"ector', Puerto Ric", Agricultural ExIerment 

D'. '' ' . ,re F'; r - :'i t ' irector, Puer:o Rico kArin'? tu,nl 

)r. NO] Pif .. - A'soci tSoil :i1'i
 
[E .Ju'':::i:. c ./ '''j 1 ' o 1 
- 1 ;f-t, A-. o I; 

M'. final A in!- '' - A''-inn ArrE.mict 
1,, Ikbd' I] :h : .As.v ;'r:tnpi-a:, :;- v MS,:: 

Ms::.3nof'lnn Fiv,-.r'" M.uf:,on - A -K vo]tt 'homist.
 

Mr'.1i11;ton . ' Ir '' :l h 

-:.n", r ': - e , - Ass istant' 
Mr'. u; Y'iu b 'ivao~l sis ant' 1 ' A'' 



Appendix 

Bibliographic LA t and Abstracts 

Published Articles and Theses; . 

Response of Green Beans co Acidity Factors in Six Tropical Soils 
and Resronse of Corn to Acidity Factors in Eight Tropical Soils. Two 
articles by: Fernando Abruna,' Raul Ferez'-Escolar, Jose Vicente-Ohandler, 
Robert 1W.Pearson, and Servando Silva. Jour. Agric. of the Univ. of' Puerto 
RIcc. 58:144-77- 197h. 

The effect of soil acidity factors on yields and foliar 'compositiono0f 
intensively managed green beans was determ-ined in Ultisols and an Oxisol 
typical of the humid tropics. Beans responded very strongly to liming Oil 
all six soils. Calcium content of the bean leaves increased and manganese 
content decreased with increasing lime rates and with yields. Bean yields 
increased with increasing soil PH to about 5.2 at which level these soils~ 
contained essentially no exchangeable aluminum. Bean yields increased with 
increasing exchangeable soil. base content to about 70-percent saturation 
based on cation exchange capacities as determined with armonium acetate at 
PH 7. Bean yields increased with 'decreasing exchangeable soil aluminum to 
essentially '0. Soil pH and exchangeable base 'and aluminum contents were 
effcctive criteria' for liming these soils. 

The effect of soil acidity factors was' determined on yields and foliar 
composition of corn, grown on Ultisols and Oxisols typical of the humnid tropics. 
Soil pla' values increased -from about' 3. 8 with a base, saturation of around 
20 percenb, to about PH 5 with a base saturation of' around 70 percent based on 
ca~tion exchange capacities determined with neutral' ammonium acetate. T'17 
low pH. valaes in 'relation to. exchangeable base, contents are explained by~ 
theY presence of, free salts. The level' of aluminum saturation of the Coil 
based on exchange capacities as determined with ammonium acetate decreased 
from 40 pcrcent at about PH i3.9 'to O at about 1)1 5.2. The Ultisols had a 
high content 'of' exchangeable aluminum when acid but the more weathered Oxiols 
contained little aluminum. A very close relationship exists between 

ecangebl base (Ca + Mg) and aluminum values based on talexchange 
cerpacitieo, determnined either with ammfonium acetate at PH '7.0 or' by' the sum of 

ctosat a given pH permitting 'conversion ofone value to another. Corn 
responded strongly to liming particularly on the 'Ultisols which had hitgh 

'Calcium cornexchangeable 'aluminum content when 'acid. content of 'the leaves 
increased with soil base con-tent and with yields but fo3,iar composition was 
not otherwise affected by liming. Corn yields increased"with pl to about 5.2' 
.at which pH level these soils conrtai'ned essent'ially no exchangeable 
aluminum,' with exchangeable bF.se content as determined with ammonium acetate 
to about the 7-percent saturation level, a.nd with decreasing exchangeable 
aluminum in the soil to essentially 0.; Soil PH,~exchangeable base, and 
exchangeable aluminum content wer~e effective criteria for liming these soils.
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Artici P " i t f"' ' ICar t:bi 

Ail1 Aciit; 'ni ,iming in the Humid Tropics. Robert W. Pearson. 
Bu!-tin, ', the V-I, n, of.,"u l ture and Life Sciences, Corneli University. 
in pr's .
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