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uld be applicable to extensive
areas of ac and Thel field recearch
was initiat I 1970 in cooperation with the
Agricultural Experiment Station of the University of Puertol Rico and iu
ion with research personnel of the U.B8. Department of Ap

in Puertc Rico. Research was started in Brasil
peration with the Braziliean

Carolina &tate University. Plans have been develope

in the

Apriculture and
with the 8Boil Research
Institute of Kumasi, Ghana for collaborative soeil fertility research on the




~acid seils which are extensive in the region. flield research there will be
Sdaitiated early in 475,

Bacrtp Rico:  Therresults of the firat three years nitrogen experiments with
corn huve been summapized in earlier reports and published in the Agronomy
Journaly in 107, Subsequent nitirogen experiments with eorn gt four of the
experimental sites were conducted to determine 11 ritrogén fertilizer
regiirements could be predicted from a simple laboratory test which has

been under study.  Also a hybrid corit with a higher yield potential

(Funk's G795 W) than the one used in earlier experiments (Pioneér X-306)

was tested,  This hybrid had yielded about’ 140 bushels of corn per acre in

un earlier experiment, well above the yield potentialof 105 bushels rex

aere Of Moneer X-306. However, in the nitrogen exneriments, though the

Funk variety had higher yield potential, it appeared to be more susceptidble
Lol inseets and diseases., The laboratory test predicted the nitrogen-supplying
power of ithe’ clayey Ultisol bat not the sandy Oxisol which had a much larger
nitrngen—supp]ying power than' expected.,

Soybeans planted in June, 1973 on clayeystlitisol with ‘a very ‘1ow phosphorus
test value did not respond to applied phosphate, However, a field wide ayerage
of 55 bushels per acre was obtained which further demonstrates the potential
for high yields of soybeans G.. peid 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 firse year's crop with little or no response to applied
njtrogenyor phosphorus. Close spacing and the use of a chemical nematocide
produced a record yield of over 71,000 plentains per acre, the average yield

for Puerto Rico being 20,000 to 25,000 plantains per acre.

ield experiments to study  the effect of varying lime levels on the growth sand
nutrient content of several CrOpsy onsrepresentative acid Oxisols and Ultisols
nave continued. Yields of corn ang green beans increased with rising pH until
a pH of 5.2 was reached. Plantains nave been found to be one of the most
tolerant crops to soil gcidity.  Other crops in the test have been sorghum,
rice, soybeans and sweet potatoees. ' The latter Cron wvas tolerant to very acid
§0il conditions and no increase in yield was found when the pH was increased
from 4.1 to over 5.0. Rice was also 'found to be relatively tolerant to soil
acidity.

Brazil: As & result of unfavorable climatic conditions, all of the field
experiments at the experiment station were adversely affected during the

1974 rainy season. The month of March had over 500 mm of rain. In the previous
month a number of plots suffered severe lodging because of strong winds and
during the subseqguent rdiny period the insecticide and fungicide treatments
appedared to be relatively ineffective. In the nitrogen experiment a nesr
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 scil in the
Brazilian classification system. These soils are very extensive in the Central
Platieau of Brazil,

Four, consecutive crops of corn over a two-year period have been harvested
in the phosphorus experiments.  The highest total yield, over 29 tons/ha, was


http:Agrono.my

obtained with the application of 1280 kg/na of PpOs without any further
additions. ‘Ihe fourth crop under this treatment was at the maximum tar'r:ritl.'—
tion, 2 Ltons/ha (140 busnels per aere). A smualler initial broadecast phosphat
application (8320 kp/ha of P4a0g) plus 80 kg/ba banded for each of the four
craps resulted in i total yield of almost 85 percent of the maximum ¢r an

— e

nverage of about 100 bushels of corn per acre.

[n o phosphorus and nitrogen experiment with dry beans three devels oft brond-
cast phosphate fertilizer were compared with banded phosphatie and there were

1s of nitrogen applied as uvea. In general there were significant responses
to all levels of phosphorus and to the level of 60 kg/ha of nitrogen. Over
[0 percent of the maximum yield of beans was obtained by the application of
160 kg/ha of PoUs banded. A comparison between the results of this experiment

1 ]

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

ong-term climatic data in the Brasilia area indicates that

1
'irl" season there is a 50 percent chance that there wi
E 1

days or more which can severely reduce crop production thout
I irpigation. It is mated that long-term rainy sac nt yield
ri' corn wi’_l only: be about one half of' the possible yields with supplementary

irrigation. A study was made of the possibilities for i!']‘l}':xtl“!l during both
the wet and dry seasons in the Fedr::-r-ll District It was found that water was
D i ities the amount of irrigation

rrizate ",- tol 10  percent of the Federal District

f
i
during ‘the oundwater may be an "Lnn_)or“m.-t. irnigation water source.

Engineering tests show that the high initigl infiltration and permeability
of the soils ecan te reduced by compaction at m‘.'c'=r.'1‘.'ul-- moisture conditions.

soil-water properties were determined perimental plots during

thel growth oft a4 corn crop. It release two-thinds

f* thelavailable stored water at ns. between 1/10 and 1 bar.
The unfavorable water-supplying 0ils together with the
occurrence of dry periods during the Lhe itations ofl root
growth in the subsoil due to aluminum toxi make water management a cnitical
factor for successful crop productiorn or solls . Based onc

powater
1

¥l

use measurements, an estimate was made the water requirements for dry season

cropping and the poitential for dry season cropping was compared with
wet season cropping. [Tnere was no conclusive evidence that the dry season
crop production potential’ is greater than the wet season because of higher

radiation, pan .r:'-':*nr':"a-‘irun, nr other climatic factors. However, the incidence

of uncontrolled variasbles such as diseases and insects is greater during the
juently the potential for crop production is less than for

welL s5eason and cons
i
!

gated dry season crops.

A cooperative agreement for soil fertility research in Chana has been made
between the Soil Research Institute at Kumasi and Cornell Uniwversity. The
research effort will focus on identifying those factors which are limiting

the yields of food crops in the area. As the project develops, the research
will aim at the development of soil and crop management [n‘ur:r.ir'rf»". gsuitable for
mixed cropping systems as pracliced by many small farmers in the region.
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and hence crop production. There in now good evidence Lhet genetio

matoriuls of corn and other food craps are aveilablo which can wuritice
low levels of inorgwic nutrients efficiently. It is proposcd to explore
these possi™ ) lities as wnother approach to meeting the obleanives of the

regsenproet
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L yooon Fepepimonts
Lo Peperimonts wers heopun in April and Moy, 197

+ + -

sorghwn as Lhe Lent orops oo determine Lhe most effec
fertiliner nitropen on Sive repregontative acid noils

o

were Lo determine Lhe apoarcnt reeocrery of fertitizer
the interrelationgnips bhetween crop yicld, nitromen ©
inorganic nitreogen content; andl the effectivencns of
coated uren =z o source of fertiliser nitrogen for oo

[ The results of the Firod

50ils in the humid troples,

¥
il

arnd

0w Corn

tive moeans of

nhplyinge

rooand sorghum on el

i

Lhpee gonrs work have
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been summarized in earlier reports and were published in the Agronony
dournal in 197,

co N ouriety of assave, Llanera, was found in Colombia with a
reported maximum yield of 78 tona/ha in Corsomemtiee cand o ot o oo bend
three Yimes that of the rverage sweet easscave vociety. Ap a2uperiment,

was conducted Lo determine i sipilar yields wndd prowein conbents could

be abtained on She acid soils in Taerng Hico with D lanern g Wity levela

Lenve s

Of Pertiliver nitreogen wonld be neeessary Uoromionimen yie

and petioles wore sumpled In order to decopmin. PEopeie niLroren content,
could be correlated with Jiedlds andd nitroeen uptaie,

Llmanera appeavred {o be dayliensth censivive and ton srowth ceanad from

o

mid-Novenber 4o mid- Febiruary, when deys were shorter thn .o AL

Corozal {Mumat s clrst, the CroL was o orawn Sromomidelarek 4o aid=Docember,
and Ltop prowth responded strongly and roct growih moderntely Lo appliao

nitrogen. High nitvegsen rates produced Sow oroot/tap ratiog (L0707 Johut,
due Lo the exberience af oo secord civo, T oo sscumed that eoc Lon vatios

would nnve increased Loomope norma

Apparent recovery of foptiiicer it

O and R0 kp/hn rates. Ad Chdra (DMorres elay ), where the CrOp crew from
mid=-Tune until the Cnllowine May, oand was o aomant for the three winter months

. w " 1y

there woo noe veug

coritregen. Top yvields werpe Lower, pur the root/tep
ratios were higher (average 1.37) and wers not affected Ly nitrogen rates,
The Iack of response to nitrogen was due Lo Lhe high n'it',J'L‘v,‘:vn-su[mlying power
off this soil.  The moaximum root Jields were 2 metric tons/ha ot Corozal

ad 33 mebrie tons/ha at O, Plants in the hipghest yiclding treatinents

contained 195 te 1y Keshn nitroeon, Assuming all nilrogen was nrotLeln

nitrosen, mpeeled root protein contents mveraged 500 poreent ung pecled



o}

2.3 percent on a dry weight bLasis and were increased only slightly by higher
nitrogen rates.  These values are only one-third to one-half the protéin
content reported for Llaners in Colombia.,  The nitrogen comtent o the
fourth and rifth Tally expanded Yeaves four Lo five monthe after plantiog
was very well corrslated with finedl root yield at Corosal (R = .00 rop
0-100 kKe/ha nitrocen rates), Tt appears that & peoreent ottrogen in these
leaves four Lo five months alter planting is noecessary Sor maximum yields,
Sul fur-coated uren npreared to offer no advantage over wren in inercasiug
yields or nitragen content,

23.0 Following the cassava horvest, Munk's G=T99 W hybrid corn wan

planted 5t the Four nitrogen experimen® sites with varying rates of nitrogen
t é J R ‘ £,

zor o regairements conld be

fertiliver to determine if the nitrocen fertil

3. B N Y . N . - . . . L . .
prediciod Mrom Db othe [NOHCY extracrablio soll crpanic ninrogen eontenty
oy 7)) the eroy vequiremont methind provoced by W,V Hardhinlomew in

Techiniceal bBulletin Jo. & of Sae Horth nradling Soate fniversity internn-
tional Goil Fertiiity Bvaluatlion and Inprovemont Program. Anoadditional

obJentive wus %o lencrmine the yicld potential of this corn hybrid,  In on
: 3

zine Fertilination cuxperiment wioh tnic hwbrid in Puerne ftien in 1970, the

highest yields woere over 10 bu/acec, well abave She 105 bufoore maximom
obtained with the hybrid Pioneer =906 asced in earlior nitrogen feroilizn-
tien trials in Tuerio Rico. One tecatment, of an fmproved Pioneer Lyopiend
hybrid (X-306B) was included nt cach cite for comparison.

The two sites with irripation freilities) Corozal ond Mannati, were
planted in late March ond ecarly Apritl, 197h, wrd weore hoarvested in July.

Planting at tho other Swe sites was delayed until Lhe beginning of Lhe

spring-summe rains in late May. Orowth was exceellent
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Sites, but reduced by n oweter deficit ab the other tye sites due Lo much
less than averare paintall in May, June and July.
Heasuits fram the two orors now harvested indicate that:

power et b PEna sandy owinoed gt Manntd

has risen sharnly over that oin proviows erops. Ghe tetal gibresen ontent

- + ; i [ Y \
adiied ploba w09 s abvie 11 comprroed

B )\v"i F IR TE I Soevrvry 11y yTr Yy H VIt vy b
Trriguniay o [N |58 S L A SN L R B A S OA0 S P
RN e ; P e
iy R R LR s V- THE U LA HE T Y PUCTU B L
el . L O S O A S vl Wil LiSwe. Shenoinrtat

mry by ey 3 PR B S . PN 1 . i T \ .
ratios nit Coernilived Fonk ' oaverapged Voo b Ooravnl and
MU I Iat e S H

only G702 nn Manati.

(%) Tne Plonser Z=300R vrodused o laroer planh with o sanller e ab

norields of ondy oLt oand 6.6 fons/ha at

e

both sifes, rasuitiog in muximum ora

Manani and Corosnl, resmeetively.  However, Diapeor Ye 000 g

nnl. affeeted

by the Southiern lootf blipht and its thiceer cor pusks orobectod 10 Ceom

ear worn attacks.  In a winber ceoy compariag Pank's and Pioneor 0-300 o,
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Cuphorus Bapeydmenin

phomphorus Sortitivers, ontimate A ferty

the roaidund

and mecsare the

relative efficiency or

broadoant yeriag

Tertilicer wore conbinoed Wwith

valueo

“nly one corn crop respondded Lo

cT eropping., Tt

Blech svdlabiiioy o0

4 3 ot
L Ml ner g

e
anoa

1

Fertilizor,

Fietd experimonts designed o stady e YOO
of

Sobmnded phosph

IREN

curves of

aprlied phosphato,

R VR

Low

e

osnhorus

Jacy

o

was obtained. Toyield in Louwieo as high as the average zuybean
gied Toin the continental L0, rotentinl for
srowing novbesne in fhe Lropioo,

ooPunk e G0N W soen wan planted ot £y in lovember 10772
and harvested the o dlewing April. The plants in mes nresiments rrew
qulte creaticadly during fhe fire: fwo i 5 e wds
G olavie variation o0 piam neight within me plots and the smaller viants
nad vhosphorus Jderisdone, wmptoms, It was ascumed ihno he nlant hejei!

viariabiliiy won oA finerdon of whether or not the plepd
areas of hisher phosphor cancent Sesodin the notl,

horveost

continued nntil

o only lLavge
signi fleant.

The results

in the fall or 1971 had only maderate residual efrects

differences betwoon treatments

indicated, however, that the phozsphrous

root s had o sneosuntoered
Mic varighitis N
WO

fertilizer applied

on the grain yield
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Al
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~of a crop nlanted in the fall of 1973. The highest grain yields were

obtained in the trestments receiving 90 or 179 kig/ha of band appiied

phosphorus on each crop (Table 3), The 5.8 tonsg/hn »F corn o pralu in the

a bunded phosphorus treatment was signi ficant!ly highor than iu

any other treatment, including the 5.2 tons/he obtained in the 1,120 kg/ha
. Al ] s

Ty

pheosphorus broadeast wreatment of 1971, UGoll analyses aiso inafeate

that the availlable phosphorus conten® in the bhroadenast Lreatments hodd

dropped shoreiy Juring the nasu threo yoors,  Thas, 140 anpears thot
fertilizer rhoschorus is bringe fixed gquites rapidlv ia fhese noils and banded
appilcaticons ot moderats guantities of rfectilizer phesphorus with each

crop are more offoient in increasing yie

dg than 1ree broadeast applica-

dons made overy fow

L, The plantain nitroges and phosphorus Sertility cxperiment has
been continned.  The rreliminary dnta Prom thic year indicate that yield

levels of the fivst raroon are ac high ng those frowm the flecs erop, in
spite o

a4 prolonered drought thiz cwnmer.  nct vear's ccop shoded very
2t e S . H J

little rosyoanss to nhanthorus and only o olisht resnonse Lo ndbroren.
N ' ja A b B I . FOA R RS S

Intensive manacemont, elone oprclng, and the ase of o cheniond nematocide

producad record yi=lds of over 71,000 plantains/acre, ihe average yield

~e

for Fuertc Rian bedng 20,000 Lo 25,000 piantnins/acre.  This experiment
has aroused considerable interest among Lhe farmers snd extension personnel
in Puerto Rico, and it has been estimated that over 2,000 individusls have
visited the site during the last year and o half.

5. Ezperiments to determine if results of phosphorus fertilization

experiments in sunken drums could be extrapolated to the field have been

terminated. 'These experiments were cstablished ot one location in order



i u
STover P
k:’,‘vz:a
30 broadecast, 1071 2.0 a i1 0.5 b 5.6 15
17% broadecast, 1971 3.6 abe 5.3 12.8 1 £.2 1G6.9
3523 broadcast, 1971 4.0 abe 4.3 17.0 ab L.0 21.0
1120 broadeast, 1971 L.2 be 6.1 17.7 ab 5.8 23.5
120 I'}"/ broad ke T
11 L broadcast, 1971 2.6 abe 5.2 Z.1 ab 7.0 22.;
112 22, banded each crop 3.5 abe 6.9 14.6 ab &5 21.2
224 LS, banded each crop L.0 abe 5.3 16.2 ab 5.2 21. L
LLa 90, banded sach crop h,5 2 6.0 4.3 abe 7.6 21.3
RGE 175 v e man - ;
896 179, Gbarded eash crop 5.8 4 5.3 20,6 g 7.8 28.4
2.3 abe IS 15.90 ab 6.1 1.1
Cror
received o total of 13.7 metric tons/ha of

al}l other treatments

aliimr & cra A Tyer S - 3
Jelues followed by the sams letier in a column are nou



to get information on responses to applied phosphorus on a wide range

of soils with mueh less cost Lhan rield experiments. [ was thought

that the responses in the brums would morve clesely aprroximetbe Uleld resualts

than the pot teats in the greeniouse.  However, ttowas found that plants

respond Lo fertilizer phosvhorus in sunken drums when there 15 no response

in the Cistd on the same goil.  The results of this work have been cubmitted

for publication,.

.. T
Liming cnd Soil Acidity

1. Field experiments atudying the effect of varyling lime levels on

the growsh nand nutriant content of several crops in representative Oxinols

and continued,  Heauls o of corn and creess beons shpilen
were published during the year crops,y vields inoroased with
ricing 5ot ol antil a pil o 5.0 was reached,  Goil pH's ohisher than 500
(maximum vl e %) had no Saether erfeos o vieldos 1 wes alon Poagod that
erop yiclds wore negptively correlated with the aluminum sataration of

the soils and thet the sluminum saturation was near oero o

2. Plantains were planted in the liming oxperiment plons et all

£

sites and will be harvested this yesr., Obzservabions on oariy plant

growth indicate that plantaing are one af the most acld-noil tolarant erops
that have been tezned in tnis experiment,  Tn oadddtion o plantaine,
corn, and green neans, other crops tested have been sorghum, rico, soybeans
and sweet pctatoes,

3. An experiment was initiated to determine if deep incorporation of

lime would increase crop yields. Enlarging the zone where alominum sensi-

tive roots can grow would theoretically reduce plant water ctress sluring,


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

periods of limited rainfall and supply a larger resorvoir of plant nutrients,

. . N N - b e . . e - > L N H
Lime wags Ineorporated g depbhs o8 D00 80 and 60 o by ecxirectines he ool

in 20 em horizons Prom ench nlet to w denth of 00 om o mixinge tiree {000
the soil from the desired horizons before renieciay P4 in the plota. The

recults from the fivat corn orop phanted in the fal: " 1977 showed that
greie yiclds inevessed from 5.9 tons/ma (%% bifaere) wion o lime, *o
6.0 tone/hn (102 bu/nere) whon Sne tes o eoowers Diwed ol o B Lons /ha

7 . P . v . -
(126 bu/aere) when the Time e Pnecvnorntedd Lo el A f 60 e (Tabie §).

b Treatments of Calho ) ar nrea el lims were used inoan atrempt
to raise the subsoll pi without, physically altering the nnil rrofile., Tt
has been roenarted by ot hors Shae Dign e o "‘F1(?i='3,4),,,, applied te
R
bermuda srass will ralse fhe suboei) riont deast g half unit in sandy soils,
The e (HO irids even lower than did the neo-lime

o

i

treatment | prosamably ue fo the gl oreeot of the high rate of ('751(1\"()%)

applied.

o Work with soveral Ultisels and in Lthe laboratory has

demonstrated thar the oxehnr geable aluminum in thesc soils can be very
accurately predicted £ the acil pil, cation cxchange eavacity (0EY), and

soll solution elecirienl condactivity (BC) are known. Repression analysis

gave the following exprossicn:

Wwith » corvelation cosfticient (r) of .968.
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Bravil
As stated in Iast year's report, the regsearch was initiated in
Auly F9TR wb the Apriculturst Bxperiment Station near Bresilia in coopern-

L5

fion with the Braeilion Mindetry of Agriculture and in oollaboration with

Horth Carolina State bridversity.  Daring the pase year the regponsibility
for agricultural receurch o Brazil hng peen delegated by the Government

of Brasil to oonew argsnication, Fmpresa Brasilsirn de Pesquises Agro-

. VI TR R e s . . . N .
pecunrias (EMBRAPA). A new cooperabive agreement between Tornell miversity,
Sobeen made which 1o similar

et , . .
daorth Caroling on. Thol g

Lo the previous arrosment apn sioures She econtdnuation of rthe pranned

Carnlina State

regearch. The fallowing peraoreel =0 Cornell oand

Universities have had malor rerpvonaibilities for the various segments
of the {ficld resoareh swmaericed below:  Dr George . Naderman of

1

Cornell (project, conrdinnt ion, nitragen on ocorn, and and phosphorus

o dry beans) nrique Sonzeaios of North darclina St (lime); Russell
” 1 L v, . (e e SEAY . . ~ - bo) e
Yost of Horth arolinag Suaie \paasvnoras,y James Wolf, Jan Pruntel, and

Dele Bundy of Cornell (scil-water and plant stress).

pre .
IERR S TR TN
MM IV A

The decian of the nilrogen cxperiment, given in last year's report.,
was alightly =ltered durine the second crop in the 1973-7% rainy season.
In treatm nt 0 the inisin? banded aprlication was deleted and no more

Leation at 30 days wWas

de

fortilicer was applicd.  In treatment 1, the appl
increased to 80 ke N/ha.  Treatment @ with Ca(N0,),, as the nitrogen source

was repeated, but the level wan raised to 20 +120 ke N/ha, all supplied by

this source.  The sul fur-coated ures (SCU) of treatment 2 was dropped, and



thins treatment received a maximum level of 20 4+ 100 + 100 ke N/hn s
ordinary urea for the second orop. Trestment 10 was ~ont inued as BCU,

but the nitrogen rate was {rncreased wo DA R/t atl apolied an Sethin o
band below the seed pricr to planting. The S0U material was aloo different
from the Ciras vear,  This maberial had a fastor rate of nitrogen release

7 ; ; - PO C H P R TR Ry ¢ 3
reported by TVA as 43 porcoent in oseven Aacrs, and contodning .8

percent
nitrogen. A goneral appliontion of 1500 g X0 us Y01 wan made and the
; raised by the broadeast application

) R R T A TR . gy
phosphorus Level wid aubotenniall

of 20 ke ©.0_/he and ¢ band application of ) kg

superphosphate.

e treatment deseriptions end yields for the socond ecrop are given

Thege results are notable in that all yields are relatively

| e
o
-3
@
o
e
Al

low with a near maximm yicld at the level of only 20 + L0 kg/he of nitrogen
(trentment #3).
The low yields of the nitrogen experiment are typical of the other
experiments for the second ralny Zeastsn 2rop. An important aspect of this
season was +he unasnally rainy weather during the month of March, 197h with
a total of aver 500 mm which iz 70 to B0 percent of the normal annuel
rainfall. In late Peoruary, @ oumber of the plots suliered covers lodeing

(as much ac 70 nercent of the plants neacly flatrersd) becanse of strong

1. St was Dol lowed by the rainy period during

winds during =2 rs

which the inseeticide sopplications appeared to be less effective and very

4

severe leaf damapge occurred dus Lo corn leaf blipnt. e symptoms were

ct

ypical of boilh Horthern and Soutniorn leaf blight cnused by specles of

Holminthosporium. For the nitrogen experiment, this period of anfavorable
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weather and disease damnge occurred Just atrver pollinalion and continued
until practically meturity. Measures of solar radiation show that light
energy was abont 1/4 less during March as compared with the months of
November, December, January, February, and April of the same growing
period.

Another aspect of the yield response in the nitrogen experiment is
shown in Teble 6. Comparison of the stover and grain yields from the

first two crops shows that the ratio of stever-to-grain was about twice

as high in the second crop.  The syover vield was considerably greater

the second yeoar for all troatments.  Farthermore, the grain yield was
greater the saceond year or Lne Pipet three trestments listed (those with

lowest nitrogen level) bus Yess Toroall of the higher nitroapen treatmento,

3

Me higher yields at low nitrogen 1oveloomnm part to the increased

"
3
s
<
-
o4
2
N
o)
—
@
—
=

phosphorus level the seoond yonr, Hewever, 1L 1S mpparent that the second

crop did not respond in groin or tlover produstion to a nitrogen level

abcve 20 + Li kg somewhst more stover production with

Jooand SCU treatments.

sulis suscont the drroartoancs of patholopionl and weather
factors often referred Lo as 'a bad year' by farmers.  Levels of costly
fertilizer applicaticon which were ecupccied Lo produce o raximum crop yield

under good growing condibtions produces dbittic more thrn thnat with o minimum

nitregen application.  The Timibing fucters of elimate and diseace prevented

the orop from urilizing the applied ferbilizers effectively.



Matd < -~ AT = S -r - o - 3o - =, -~ B R U, - -~ —_—
+abie ©. Comparison of ory stover yields, yields of grain at 15.5 percent moisture and ths stover/
r—ma g T . = B ] > - -4 = 5 - hol <« 3
irasn ratios Tor Jirst and second crops in the nitrogen experiment at Brasilia

First Tron
o~ ~ : e+ 3~ [ W g
Stover Grain Ratio 3tover atio
R 4 W - 1~ 1 - ! -~ 7
kg/ha kz/ha s/g kie/ha kg/ha s/
~ ~ -~ (33 I Pl Ny AT Sy e ko - wn
2047 8 2843 R2 4k 0,078 SEGH 75 1.539
i o] - - -~ o e Tl 3
O+40 D+E80 30LS 3082 0.850 Ry 3gak 1.k4D

204120 204120 1661 6257 0.7ks5 6h23 L4504 1.h426
20+L0+k0 20+L0+40 4205 6179 0.680 6459 L9 1.436

20+60+80 20+60+50 LLEY 6310 0.719 6715 U377 1.53b

2

o
20+E0 20+120 L4087 5423 .75k 6776 3903 1.736
S .
20+80 20+100+100 3591 5096 0.705 £508 Lghy 1.4k33

20+80 1Lk0 LG8 5677 0.752 7011 hol2 1.653

Te



Lime-Phosprorus on @ Red=Yollow Latosel of Medvun Towlbur:
Az a result of SR SRR : Lhe O atudy, 1 second
site was scolectod che Dol ctatio Trowen roeomnended thot the
wsetulness of the sorba b comn bderab iy inorousod by Ui the
more imporiann Lo g Tonmy e dewntlow Tavosol o well asoon the
Crpe Piveroexperinents are locstea. The
vansitiiity Tre vedl profile heo some-
s 0L M oprams o0 soil, thu
the dark red ~lsavey laioooi Lan woin o
and megnesium nd In oavodliabie © uAies by Wold anl Bao
showed that the sovaiiable water ho'fins csproiby of Lhis ootl abhould be
better than (R CERIRE P Al A AL o Tt vaving neacly D opereent
more aveilnble e aans ity riicsted i Sollowing toble:

0.1 L oy

15.0 KSR

- s N X P -
Available water il P4

e experiment, cotabili d oo Liin o
the earlier ex vites Wil nogme et e
incorporation and o zero Linesbone ralo W

level, The yielaq s Lo

fror

several

Yperre

Liono.,

oo rade

s}

Secyerrn b Ceatres

T

(Ut S}

eorn and challow fimesbone

two loevels

Lovel and o very high

these wpplications nnd

rops, us this is one of



the most importan’, aspects of comparison among such soils

N
L

. Most of the

phosphorus treatments were applicd as trisie superphosphate at the

. o L TSN i, MU by 1 H
moderate rate G0 B0 e 0 Urondcant

W U G bande’.  All plots
; b

are double the standard widbh of the earlisr oxperiments. These nlots

will be

npplicat

treagtmento

to haye

Clayey Latosnl but does not suppest

Advided fate sy DLOLE 1N Suhure Croph, The basic magne

. o . . ,
Lo war S50 Y /he of mngnesium o meeariestam S0l Dete aaend for
: : i Mmoo nte mwoent
ten T vl . [T T e e wren bt done in jer
HENZ 1 ] W S W naeyioaed, [9RBIEY LIToordey

woapacd fie rlment on the Dark Red

ractical importance of this

technique.

h

This cron wan

by wind dsmuge s wao the o

voere 5o

conclusive as o

of this

e

i

mewhat Lower thag

description of the treatments and yleold are given in Table 7.

1 ‘,,, “ ¥ e e lVFel
und insedts and waes net atfected

. . .
cristics ond requirements

seil oven

S

from Sheoe veoulbs are:

The dnsicontitd oot

arence beiwean Kz T‘”r broadecast

L DL bhreondenst 4 [0 ke banded when Lhe Limestone was deeply

incorporatod wao not cxpectoad, This could ~ither be due ta the inability

vhosphore becsase of environmenta! Timitations or vo the lack of

ment o

reason

P

io

requlre-
such o liigh phospliorus wpplication  in the soil. It the latter

correct, thiz could be a very important and favorable charactervistice
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of this soil in contrast to the Dark Ped Clayey Latosol. Future crops

.

under more favorable environmental conditions are necessary to resolve
this mntter,
b) There were good inddcationg of resronse to limestone incorporated

A s O

to 30 em oversas 10 eomodepth. This is similar o the effect noted on the

Dark Red Clayey latosel. The Imnortance of this also should he tested

during s year with stronger ccoyrepsoe of dry spells during the rainy season
("voranioon").

o) Th oo Lowrnn/ha of limestone incorporated to 15 em desth
versus no limestene aprilostion was simnmi ®iecant This differs {rom the

Coand may be dmoorerant from the standpoint of a lower

o) P Tt s o s per ey o - 1ot -
Phosrhorus Eaperimenta on Dark Fed crgiely I

foqdel:le

Soemngecutive curn 2raps have heoen harvested in this experiment
2 + . b

TWO vl sendon crops and two dry ceanon Gprd

#at2d crove.  The results are

given in Table S0 The iohest o] Sleld Tor o Lhe four crops, over 20 tons/ha,
was obtained with the applicatio DO ke/hnoor PoO, broadesst initially
without any Turther widitions,  The “oaein arapounder this sreatment was

at Lhe maximum pre hoetion, ey QU R (T4 bu/nere’.  Au equivalent,

amount Panded (500 B0 S veeh of s fane crops ! resulted in about

+

I poreent levs totul v

i
o)

“our crops than the broadeast. 1t

remains to be determined fron subsequent crops how

i}
o
o]

the strong residual

effect of the hich initial broadeact phosphave application will persist.

e

A smallor initinl broadeanst vhosphate arplication (320 kg/ha of P,\Ot.) plus
<D
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29

80 kp/ha banded for esch erop resulted in a total yield for the four CTrops
of admost 65 percent of the maximam or an average of about 100 bushels of
corn poer oacre for each of the four eroprn over a two-yeur pericd in spite

wnich was less than halfl

ot Lhe ponr viclan of Yo sanond wet

of  Lhe nverage of the othor 4hrea ornng,

Fhosphorus-Nitrogen Expcrimer:c J1th Beans

A cxperbnent wan ostablished in Jenuavy-February 1974 at the Agua

PRI
A

Limpn frorm o owned by the Doiversity Brasilia located near the city.

T B IR Ty ey H R ay T $ - B - N 2
The: yroioot was donme Do contunotion winh tne Department of Agronomice

Enginearing of the University, She Fundscds Zoobotani e do Dio s
the Hationel bean Propgram of EMEPAPA, snd five studenis of agronomy at
the University of Brasilia.,  Zach stulent wes assigned principel responsibility

myed 1 —4 & b I PR 4 oo 1 S T S v H PR P -~ -~ o
for o portion of the date oollected, and this work will serve as the

(]

iro Agronomo degree S these

students.  Nne of the stulents was swarded a schelarshipy fror the Branilian

vy ¢
L VRRES e

hiech the oxperinment
3 B 3 . PO yn e on 3 3. R I oy e e Y WY AT EARLR S Th 4 e + 3 3 e
Bracilian syster an oo Bed Vellew Latovol of 2%ay tex*ure.  This soil is

oovesetarion and 1s slightly different from the

[

COMmOn i oareng of oo

2 ~ - A ey ] . . PN A e
solls bt the Aprico?inrd Seperiment Jtat

ton on which experiments are
under wav, o One Importane 4 STerenee 1o thal Lhe quantity of oxchangeable
aluminum 1o only aboul Ooe me/ 100 omoat the surface and decreases to

003 me/ 100 am at S0 em depth,

iy . . . . . .
fhe qoain of the oxperiment is similar to the criginal vhosphorus
experiment. st the station.,  Three levels of phosphorus (simple superphosphate )

were brondeast initially and there s one level of phosphorus applied

banded with each crop. Theee Jevels of nitrogen were applied as ures, since


http:appli.ed

the

e ):~t ,\‘i

previcus results o

,l¢

The experiment

.
need

fertilicer nitropen for best yields.

r

hlock with There are

syplit g

nine fertili er crventmenne with o vardetier as subplons, and fouar
replicationa, Moo trentments osne Ziesda of the Circt erou oare shown in
Table 9. In nddition 'o yicid, -dste wore collectod on root weight, foliage
weight, pod weiznt, and henn weight,
In general | “here were clenificnnt reoapenses Lo ull levels of phonphorus
and to the level or A0 2o "he of gitrogen. Perhaps the wect important
result iz *he relotively ool victd sitained by the application of 160 %/ha
of P_O_ banded. Hoot studies tpdioste hat the welght o ronts oxtracted
>
from the banied rentmenis wan ar least Jdouble of the highest Lrondoast
treatment.,  Considerable roor proddtoration was apparent around the
vhosphoruz band., & comperiso s betweon Yhe reonlie of this experiment with
beans and otners with sorn mreats s grestor Vot heans teoabilia
nive maximun pield wee abiained  with 2060 ke/ha
of PG, ast. ver U onarcent of cne maximum yield wens obtained with
>
only 160 kg/he o Uode hurgels Thin suggests tho of crops with a
nobhe vota a means of unilizing banded phnsphorus

Liming Frparimesni or Fed Latoao !
Three congecutive corn opops have boen harvested in thin expeoriment
and the dais agre shown In Tolle 10, A signdficant inerease in yiold due to

an initial deep incorporatiosn of
has been maintained o0 all thrsns

substantially higher than the first

Mme in comparison with

Cronus
}

shallow incorporation

fields for the seceond crop were

crop due primarily to a hipher level of



Table O,
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Treatments and yields of dry beans (Phaseoiuz vulgare) in an

experiment, conducted on the Agua Limpa farm (mesns of four

replications)

Traonment

ke/ha kp/he of a0 Varieties
Ho. Hitrogen Broadenst Honded Ries 23 Corisen Foainba Roxinbo
1 0 140 - 658 523 54T L6o
2 0 el - 950 950 1034 531
3 0 2060 - 1561 1667 1hrh 815
b 60 400 - 1273 1431 1175 1052
5 60 - 160 1334 1517 1379 966

6 120

7 120

8 120
g 120

160
400

2060

1362 1138

1939 1459

160 1425 1581 1522 1167

1sd .0% - for difterenves b

lsd .05 - for difrerences
treatment - b1

ver treatments and within the seme

boetween varieties but within the same fertilizer

e /ho.
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Table 10. Liming experiment with eorn at Brasilia; amount and depth
of lime incorporation and vields of three convecutive creps.

Initial lime tresatments Grain yields,
Depth kp/ha (15957 moistur:)
Ne. tons/ha Ineor. lst Jrop® Ond Crop¥*# rd Cropk#*

L 5659 A30
2 1 0-1°% 323 5081 L7k
3 2 0-15 3531 5689 1863
L L 0-15 Lok 5903 2265
5 8 0-15% 3723 5960 2092
6 0 - 0-30 3570 5875 16573

(1 ton/ha
MgS0, * TH,0)

7 1 030 4019 SARN 2086

8 2 0-130 L3k 585¢ 2573

{

9 4 0-30 L797 66,82 3058

3601

o0
()
1
)
=
Pl
O
o
-3
no
O\
N

10

Duncan test at .05 574 {2 means ) 563 (2 means ) 1ot
604 (3 means) SAD (Y pmann:) ve,
600 (L means) 99 (L means) avail.

*¥ First crop, wet seaseon 1972-73
*¥* Second crop, dry seacon 1975-irrigated

®¥%¥ Third crop, wet season 1973-Th



phosphorus applied. The relatively low yields of the third crop was due

to the unfavorable climatic conditions and disease and insect damage which
affected all the experiments in *he LOT3-19Th wet seanan.  Hevertheless the
initinl deer incorporation of 1ime regilled in yields 20 percent or more
higher than the same amount, ineorporated ot oo shellow depth. The question

Is liow long this residual effect will persist and this will be determined

by subsequent cropping.

Sor

,,‘
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-
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1. As it hes been Pound that erop production on extensive areas in
the Cairpo Cerrado may be severely limited by dry periods during the reiny
season, an unalysis was moede of the likelinood of ceourrence of the dry

: - T . K 1 N s .
periods or "veranicos" as they are ralled leaally.,  Thin
N coalls hi:

{5 dealt with

the questions of how long do they lact sand how are e chunces ~f o dry
spell of x number of davs. An attempl was also made to answeyr the question
of when the "veranicos” are likely +3 scour during the rainy season. Daca
were collected from several sources and combined to Five a precipitation
record of over L0 vears for o the aren, Long-term temrerature, ragintion,
and evaporation data were ebtained from a station about L0 km northeast
of the site of the field exporiments.

The results of the analysis of the elimatic data can be summarized as
follows:
(1) There is only an & percent chance that in any year the longest dry spell
will be limited to eight days or less. In other words, only cne year in

thirteen will rainfall be well distributed during the rainy season;
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(2) There iz n S0 percent chance that the longest dry spell will be fourtcen
days or more and a 1% percent chance that the longest dry spell will exceed
three woeeko:

(3) The 20-day veriod from December 27 to January 195 has a larger number

: 3 (RO - gy o e e . - .
periada elither helors e oa'ter

N e ~ . - . . . N A
(h J The ocesurrence of Wl Soulon airy Jves Poote hidden in o the means of

e ety tar Ty dnta gt ther ooeur and their oxbent are only showr
MOonuiyY UrelirhllaT il idlid. L8t They onur and 101y exuont Are ohlily sShown

shaoare divided into shovter time pericds and analyzed by

2.
plots at the expariment station during the pericd =8 growth of the corn
crop.  This was done by instruamentation of the ascil with tensiometers and
electrical > hlaeks and inotrument reslings snoa regular
basis. Tn order to relate coilewatepr tension or resistnnce block readings

~ * . - - 3 H B a - .Y £ 1 ~ Ty 3 - - i
to soil-water content, sravimetrio onil sampies were taken inothe vlcinlty

of the instrumentz. Meare ~hean 000 samples were collectes from three
exnerimental sites and thooe proviied o range of soll-water conditions.

ara symmericed an O

: A N e 3N e, PR A AR w4 L0
(1) Altnoush the soils o' whe main cxrorimentnl plots have almost S0

perecnt cluy <hey are vory ctrongly aggrosnted and their physical properties

N

are like sands. Weter infilinraticon and capillary conductivity ure very
(2) The soils release two-thirds of the available stored water at relatively
low tensions, between 1/19 and 1 bar;

(3) Available stored water is limited Lo approzimately 2h-bh mm per 30 cm



of s0il on the clayey soil. “n a medium textured soil about 30 percent

more water ig available than on the clayey soil,

(W) The untavorahle water-supplying properties of these soils together

with the oecourence of dry periods during “he reiny season und the limitutions

N

of root growth in the subssil due to aluminum toxicity make water Lnagement

# critical factor for sucressfigl eron nroduttion on these soils.,

3. A dry seasen experiment. with corn planted in June

-

1973 snd grown

with different irrigation cohedules nnd wet Season exnerirents with corn
planted in September, Octobar, and Hovember, 1973 wer: oonducted 1o determines:

(a) Orop response o varions whter crclronment s
(b} Crop weter uae g relazion to metecrological factors s

oy

(c) affects of diflerential dep<hz of limestane incorporation in
relation o wator tresgtmanta,

The results of these cxperimen's can be swmarized as follows:
(1) Tn the dry seaseon experiments y rithough reccvery “rom visual wil lting
was almost immediate following an irrigation, nrentmente andergoing severe

moisture stress failed to use water in a normal f~r three day; after

the irrisation.  Evaposranspiration rates for thooe breatments were only
it eyt . e yn b . et IR VR s PRI 1y
bG pereent of treatments not gtregsed prior to the irrigation., Water

extraction patterns with depth indicated root inactivarion in the top part
ol the roobt zone:

() Yield was well correlated with soil-water stress in the dry season, less
50 in the wet season.  Cerrelations were as high as -.98 in the dry season
and ~.7T in the wet season,

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

60 percent soil-water depletion above which corn yields are increa: ingly

reduced;


http:trtmen.ts

(L) It is estimated that a day of soil-water stress will result in corn
yield decreases of 322-59 kg/ha/day for the range in waler stress in the

weriment s

dryv season 23

well correlated with irrigation interval and

(5) bry season

amount of water applied;

O} R R - ~ 5 . 3 v
{f) Wet senson vields were only weakly aflfected by dry periods of up to

eight days.

b, Punetions! peledionchips wem tablished o relave evapotranspiration
to the variouns olimatic norameters measured during bhe growing Sowson. Based
! '
on crop wsater use measurements, an esuimate wWas made of thoe water requirements

irrigated orooping and the potential for dry season cropping

was compared with we! season cropping.  The results of these analyseg are
summariced below:
(1) MTme dprv senson field wvater requirement to be suprlied by drrigation is

bty ~capotranspiration

estimate

mm) snd sdditicons of raintnll 00 mem). It

not snd anytiontion losses whioh © be cernaiderable.
Y. . .. . - " . e . . . > PR - " _ Y . S - .
The reqguiremsnt o0 o sntipated 230 me to be supplied o the: f1eld io based

on o ogravity frriparion arsten whicn i prossly inefticiont for inis Lype

a2 a7

of s0il. A sprinkles Sype of irrigaticn system would be an alternative to

keeping losses 1o o wminimim,  Proper management of that syotem would be
aceomplished by Crequaant werttings of the shallow root zone, minimizing the
losses dus to drainage,

ive evidence that the dry season crop production

. )
{(2) Theres was no conel

potential is greater than the wet season because of higher radiation
) b

pan evaporation, or other climatic factors. However, the incidence of



uncontrolled variables such as diseases and insects is greater during the
wet season and consequently the potential ‘or crop production is less than
for the irrigated dry sewson crops.

5. It has been postulated that the beneficial effects of deep
incorporation of lime on crop yields an the highly acid soils of the Campo
Cerrado were duec to greater water and/cr natrient exploitation of the subsoil

because of the more -xtensive root systen developed.,  The experimental

results relating the =i fect o di®ferent] depths of lime incorporation

to the soil-water utilization lead to the following conclusions:

(1) Although a 30 percent incresse in corn vields waz ~buained by incor-
porating lime to a dep'h of 30 om in ecomparison with ifneorporation to a
depth of 15 em, no evidence wags found tha® there wac greater water utiliza-
tion with the deeper jncorporaticn of 1ime;

(2) There is evidence Lhnt the deepr liming hed a beneficial nutritional

understood which resulted in the higher yields;

ef'fect as yet not comple

(3) Soil-water extraction was conTined :o the upper 50 cm orf the soll prefile,

with about 80 perceni o *the ocrop wuter use from the upper 45 em. The  soll-

water extraction appeared o be independent of percentage alundnum saturation.
I, is estimated that loneg-tern rainy secason yields of corn will only

be about &4 percent or possible yields with supplementary irrigation auring

f

the wet season.  Improved wet season water managerent is required for
intensive cropping in the rogion 10 yields are to Le stabilized and costly
inputs repaid.

6. A study was made during the summer of 1974 of the possibilities

for irrigation during both the wet gseason and dry season in the Federal 4

Distriet of Branil which is reprezentative of a large part of the Central
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n climate, hydrology, geology, and soils were collected
Trom all available sources. At reprecentative sites physical soil tests

A for Mucther stady Part, of the soll teste

were made ond osoila

were done by locally trained et the Experiment Otation near
Brasilia. Other soil preogertiec were determ.ned at Uornell's enpineering
lsboratory in Tthaza.,  As o result of thiso study the fellowing conclusions

amount of

The s i

the subsoll and

B R T o ~ S T i1 Qo N oy A pevr 3 -4 o) 1 o . i aqy ] 2
subsequently is graduslly dacherged by the rivers and streems. The yuality
of thisg water ig excellent,

oY I
V) Groadv

nlevations. VWabter crom springs is resedily nvallable ond can be

O L S L . .
for lvripgation no oome
1A s . . ; . L Lo . . . . e .
Tlr e b 1 e et v T T S S e T e, 2 - N ] AR - NN v
{4) Bnpinecring Lecss show taad Che bigh initial infiloration and

permeability of the oo i

o

favorahle moisture

vy b peduees D ny combroetl on

i

condinions. L

r

pronerly compactod onnnls and farm pondsy seepage and

eontown aeesptable low lewel,

on losson w e coats of

percolat:

compaction as o method o provent waber losses 1o e tenth of the cost of

—

plastiec lininge.
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Sotl-Planu-Water Felationshipe

faal

Studies were initiated during <he 1974 dry season to de ermine some

of the physiologicsl responses of copepn to the neil fortility and menagerment

practices under invertipetion al Lhe experiment station near rasilis,  Two

Li
sets of interrelated cxperiments o pionmed and will be relrted to t

soil fertility exporiments, me wot will foour on the nbove ground portion

~ JEA

of the corn lant and detailed growth cnalysic studies will he made with

particular Lo Lhe SUowator ntrocg oo el od o oaail

oo gecond

treatments and wenther nuctorns iy Lotk owet onno dpy o=

set of raverimaents will Socus on the below ground portion of the plant.

t - S A AP - e £ TR - < - -
The effeots of wates 5oon Teloanpeots o root growth

and develorment and om nutrient

relate to soil rertility and nanagement practices.

Ghanao

In late April and esrly May, 1974, Cornell sail scientists,

Dro. Mo G Cline snd DL J. [lathwell visiied Ghana Yo consult with
Ghanaian o7 andd soil solentists snd USAID Mission rersonnel
regarding o proposed cooperative soil fertility recearch project,  On
the banis o the conmudtations end +he information assembled, it was

cone luded “hat prospects were vory good ror sucenss ol collaboration on
soil fortility resenrch between Cormell University wnd the Soil Research
Institute at Kwnasi. A tentatlive cooperative agreement was drafted and
reviewed by Director Henry Obeng and his associates of the Seil Research

Institute, the Fxecutive Director of the Council for Secientific and

Industrial Research, the Agriculture and Program officers of USAID/Accra,
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Ithaea

Soil Chemical and Mineralogioal

s
o

Dwectigations

During Lhe past

Y

4

ehiemical and mineralaopgt oal inventigs

wers carriced oubonn e counterpart to the field study o1 the soils of the
Brozilien dentral Flutoan codgeted Ly Professar M0 G0 THiie of Copepg
University, Profecior 00 W taanl of ol Tapolina Do Tniversicy and
Fote seniar Braslliang Ioned crtooan ctane 197300 T ohiective

of the Meld ordy wee o apa the etent Lo whieh e

results Lolng obtainod an b imontald station near Drasilia oontd

be applisd o broscd arenn of the Central Plateay.  Sly a0d1 profilos
clayey and b S Tk Bedoar el w Latosoln,

WOre ooxamine : The eonelusione of the field study
wWere tnat the pecules o0 She coonperat Dve rogeoarch et e cxrerinent station
should apply 10 pricciple <0 an immonse area of She “etren) Platen: of
Brasil, bur the apnlications of way vary in detsil on
different kinds orf gnid,

The results of the Jahereatory investigations an the chemical and
mineciorical propercies 50 the acils sonerally cubstantisted the conclusions
of the feld studion Diasmuaeh as +he Fross mineralogical conposition of
the colls wam net mreat iy Qi fferont Trom *ha' of the aoi an the
experiment station, aned indeed the reswlos of the fer! ity research should
apply in 1,‘1"'.110.'1‘;)]0 Lo dnrge areas of the Central Platonu,

There were, however, some interesting and novel findings. One of these

that

was 10

surfance phase, extraciabi

tho elay size ©

wr

¢ of the soils were {ound to have a reactive

e in acid ecaleium chloride solution, that apparently



Tye te the buln

I 1 o e 43 . ey - vt - T
of the clay frace . 1 Pve 5w L5 Jonmel
in 1y ot ocometDont mnre Than ona pereont oot o B Sl
- R b . - e e e i ey opie g PR N PO LEvet v ‘o
fracrions, LTowas whl, cnwervery, Lo have an iorluentiad o Otect o the
B PN i L : v R n
Lies Candon and carion retention) sl aluninum

phase as glven by the

i b
Moy

abundent mineral in the zoan g SNGOWES JUGrtY o ang anparoently oover beng

yoemell

QOOUurrenoe may he o oq Sl l'll‘-'f'(i“ku’fv"_‘d

r 1l Zoontent, Lriddgesad o8 -
- . . e oy o . o e - » 2 AP S
send contens Dpaarty) oend the ecmparition o7 the
B S nm peant . tRRca Finc nlee oo fopns Sop some okt
SUYInce reacti Ve Dhiess nas allto pecen tound Jor Some algnly

L

y o beool limited floanaee in rogard
proctioes s G io of ciemd Stesnes Inoadlding nn

wnderstanding of the morse important, compooitionnl A1 Cceeneen that mny

.-

exist within hipghly weathered soils which nre importaat, in debermining thelr

chemical properti

The results of the laboratory investipgations were presentea ot o recent,
annual mecting of the Clay Minerals Socioty and o monuseripb is being pre-

e

pared for publication in CLATE ALD CLAY MIHMPALD,
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. Disscemination and Utilization of Pesearch Kesults

fhe resulte of the research as in vrevious years huve been dissendnsted

in g numbier o7 Al ' e rens, ways: (" Vo ocaming wn Aoy oo . ; T -
i number of fferent, ways: L)oreminars, conferences, and worksnops;

!I’-“\ miblientrione {2 vy v TR A R s ¥ I : 3
Vel pubirentione s oy experinental site visits Ly farmers, extension
agenta, scientists, venchers) and students; (4) zraduzte and undargraduaste
stovlent participation; vl U0 cananl-stion,

ceminars,

"“‘:‘S‘_IH < ’.‘*f\ ‘.."i"”‘

L. IS L L

anonsored by
! .

There wera gbhoas 200

students.

roscurchers, teachers,

X3 4 i .. SN . g T + 3 .
Most of them were from Latin American oom

‘1o and of particular interest
was the rarticipation of a large mmber of young soil ceientists from a

N N <t MR AR S - JR 3y -5 ] T 1 P 7 3 3
number of dl fferent research and eduaentional institutions.

L N

on the CHelationshiv o0 shuminum toxdieity with root growth,

o 3 [ T e b et e T e
oD the tederal District’ was

1 T | 1 . FE P + . . .
wabter uptake ) and yiold of eorn inoan

Ioin GJuly, 1976 at a symposium on

~ . a4 i N N 1 N N . 4 5 S 3 -
precsonted in Tortwgmuese In Beoi Qe

+ +

Breodine of Dlants fopr Tolerance o Toxic Conditions of Aluminum and

Moanganese in the Se0il. This symposinm wag gponsored by the Brazilian
Saecicty for Pracreons i T anee Ner ey yaar )i a8 e e 3 1
DRCLeLY Por rrogress 1 cclence, A8 4 roasdan oF ihls symposium, stimulus

has been siven to more intensive recenren efforts to develop cron varieties
which are more telerant to soil toxicities and deficiencievs as an

~

Jmeortant part of an overall objective of minimum input technology for



B

small farmers.

As part of & seminar held at Campina Grande, Paraiba, Frazil in

i

July, 197k under the auspices of EMBRAPA, “wo A0-minute presentation

¥

- AT ) . N ] 54 g 3 oA ve o Y. el e e e T
were miade by Dr. Haderman to 05 participunts ou the principig conced

methodolom: involved in the research program at the experiment stution

negy Bracilia,

. Tinderman
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snorecent develorments in orop and soil
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Periodic seminars in Porsuguese for “he stafil ot

station 2t Brasilis have been held througnont the your

including the liming experiments, soll-water
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investigations, and s*udles on the physiological effacts of water stress

ime and phoasphorus annlicatilons.

Publications: Reports ope prapared Sor publicetion in Lechnieed

Journais and ohior medie s phasec o the resenrch oare

and nont

completed, Copian are aistribus oo innerented resenrch workers, extonsion

agents, tescnors, and atudents. Abhortroacts o Lthe more important publicns

tions are prepsred for inelasion in the quoarterly AT Do Rescsreh and

1
o
-

Development Abctracts. an oubprowhh of the research on soll acidity

and liming, a compreanensive review of thiz sabjeet ws 14 relates to Lthe

humid tropies is now in press as o bulletin which will be piven wide

distribution. A list and sabotroet of publicabions, articies submitted for



publication, theses, and reports prepared for conferences curing the

past yenr are given in the Appen:

—
.

1,

Saperimental Site Visito:  The experimental sitec in Puerio R

ico and

Braviiin continue o have pericdic visits of nocubstoantial nunher of furmers,
extencion ngents, scienticus, teachers, and students *o keep informed of the

progrons of Lhe resesrch, The wvery nigh production of

,,
=
v
o
U
.
e
.
13
T

cxporiment in Puorto Rica continue to draw large numbers of

extension agento. Tt {o cotimated that some 2,000 perosons have now viaited

the plots which have demonstrated he nish rroduction with

relatively modest Inputs on the neld scils,

38 . .

Stvdent Participaticon: During the past yesr twelve graduate students,

forerrn and V.0, wers involved in the project or recearch relsted to

tt. 2f these, cight were {nvolved in thesi

1#2)

research in developing

counbries oversens,

Ac reported in the seation -n

e oy PR S S 3 T - b sev s 1o . 5 PR e 3 - 3 “
students from the University of Brasilia participated in the resesrch

project.  EBach stndent under the supervision of the project coordinator

!
was assisned vrespnsibiiity Sor s phase of the work and +his served as the

bacis ror w thesis for the degree of Enpineirs Agronomo.  One of the atudents

was awarded a scholarshiv Srem the Bracilion Besearch Council (CNP) for
participation in the project,

Ponsultation:  During the past veoar several of the Cornell faculty
involved in the research were requested by AID to serve as consultants.

Dr. Fox spent two weeks in Scouth Vietnam in the fall off 1973 for the

jo—

consulting with ATD persennel on soils problems in refugeeo

st
-

purpose ¢

relocation sites and on soils research in the country. Dr. Lathwell spent
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anticipnted that cooperation will be established with the Crop Research
nstitute at Xumasi ard the University of Acers at Lapon,

I, Continuing contaet und resenrch linkages are bheing maintained
with the Internntionnl Research Institutes: (1) Dr. ¥ang of the Interna-
tional Institate of Troplioal Agriculture {(TITAY g Thadan, Nigeria has
participated i othe disenssions of the proposed resesaren prodect in Ghana

and Pt is anticipatad thnt thore will bhe collaboration wizh 7174 in certa

vhases of thic protess; (00 40 4he Seminne in Toaty Tolombis o in Februsry
on Tropical Sell Management and ohe Doy Procesn, an opportunity
was provided Loodnterawet with the scil and erop scisntizts of the Centro
Internaiional de Agriecaltars Tropical {7TAT). A Coemell Pn.D. candidate
from Camerson o new loing hiie thesis research at norasaave and a

Ph.y candidate Crorm Ghana completed niz +lreg

at. TTAT

£

research Leam of six Thol, enndidates in the agricultural seieaces, on
of whom is maloring in soil science,; is continuing the eoollaborative

arrangement with the Internarional Tenter for Tmprovemen® of Corn and

in

197k

the tornerl gradunte st udent interdisciplinary

Wheat (CMYT),  The resenreh bemam i wnder the gridance of Cornell faculty

and CMMYT researeh ccoient

four-year vrogram,

v

S Through the .6, University Uonsortium on Soils of the Tropics

.

Al

(Cornoll, Hawnii, North Caroelina State, Prairie View ASM, Texas, and

sta. The program is new in its second year of a

Puerto Rico) information and ideas are exchanped on tropical soils research

activities through perioadic meetings, seminara, and workshops.
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6. During the past year viriting

extensive research experience on soils

oppertunities for rezearch linkages with their
Charreasu, soil with nhe Institun e

Nyt T +
Ol Lhe -

Heohrrehen A

professors and seientists with

raniecs have browdened the

: .. .
institutio

M Agronmmie

wa3 oat far o the 1574 spring term to aive a series of
lectures on The Use and Maneeement of the Solls of Dey and Wer-Dry Tropioes
of West Africa. One rouule of his presence is that arrangements aro now
being mads Tor s Tornsll Fh cardidates to 4o hiw thoadis reseneah in
the Ivory Ceomst in 1labveration with TRAT Dr. Pebor fiye of Oxtford
University, England, co-auther of the slassic troatise on e 8511 linder
Shifting Cultivation” is giving » series of lectures during the 107L fall
term and conslting with students mud ot aff on soll mnnagoment probloms
in the hvrid and surhomid “ronles with apesial refercnce Lo his work in Africa.

7. Turough his graduate stwrlerts from Venezuelw, Ur. Armold has
maintained continuing contact with tihe Division of Zoils 7 the Miniotry
of Public Worksz., He i3 poricdicsily called upon by Vencwnelan government
officials for advice ond oo tu oonnection with thelr researeh ard
training program in ooil clansificnvion and soil survey,

contact 1o ied with

stations. Thers han bern n regnl:

past “here 1o

Jour,

testing project at the Soil Rescarch

there will be

DOme

the soil fertility regearch proposed for Ghann,

FAG

r

[l
L

ecollaboration with

uoil seientists din dome

grennnge of coils research

an FAD coil seientist working

insotitute in Ghanae, and it

him relating to
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Contract

oo Fapendioaeen Vi U e Maeeh T 19 haa 00 (epen el
esd=2890 Lerminated on March 31, 078 mnd all eblipations ander Lhis
contract have been paid. A new contract taee-110h hecames effoctive
on Ap-il 1, 197h)

Proert o i oo
Cornell Cubcontract

o~ . & T4 s 4 y ‘

salaries and Wages 581,085,140 s FIN S IS

Overhend 29,304,905
3

Prave]l and Transportation DOLGRTLTS
A £ T (e
AlTowaneen : mL BT ST
Equivment, Vehicles and Supplies 1,021.11

Other Direct Costs

70,7

%,281.86

T H0L L 68
2hog, e

B0 5, B

Total

- - by ~ -
TOTAL B1Ls o5k, 91
Fxpenditures--Avril 1, 197G W0, 197he—tu—o-1i0k
Tuerto Bieo
Cornell Subeontract

& Pye Y pay 1 G e By ey 1 I Y P S
soalaries and Wages o 37,730.44 N S S
. e - - . [
Overhead 4973,00 15,100, 4b
. - . LS TR T ~ Ol .
Travel and Transportation 1L, 765,23 069 wo

Allovances
Equipment, Venicles and Supplies

Other Direct Costs 1,118.82

7G5G0 T
3,508, Ta

1,41k.095

& 70,387.15

15,593, 46

910.00
9,710.61

2,533,776

TOTAL $ 61,12

$ 53,6L1.84

$11L,769.19
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H. Work Flan

The plan of work rfor |l
plan which was ~utllined In the aontreacs Wl
results and new approaches toomecr the o)
effort will be somewhat rejucel In fusrio
to legumes such fas soybesns and poronnial
work in Ohann will be eivon opeater antant
simple riments on farmers’ O tooo

work he we conduohtaol ot
of orfort in Zracsilia will Do abhout the oo

cows the general

based

~noprevious

cotives., An planned, the level of
Riceon but witll mere attentlon given
crops such an plantains., The

upnlement thee matin experimental
inotityte ot mumasi., The level
meows 1ast vear us will the

on-campus chemicnl, ., oand minerslogleal shtudies and stalf sup
One imrortant of the receanrch is te develon ways and meons

by which crops can utll ;
a large part of in “hee o nrop

inputs of fertilize

continue to depend

econonic. geopravhie, socinl, and L
improve food producticn with minimum input

plant breeding vroeodures which wonld il
phospheres, and others nurrients In whe 501

of meid zoil conditicns especially in the

soluble aluminum and/or menganese 1imit pl

production. There

oeonnnrainls,

il and which

et et

the poll more offlcoiently.

Altheugh

ies will econtinge *to rely on large
. . P C

n osubstonting vopulation will

it le or no inputs becmnoe of

one Appronch

o oin oo develop erop variet] by

Poee more efficiently the nitrogeu,

Lo

v owould be more tolerant

subcoil where high levels of

ant, root growth and hepcee crop

I and

L

other food crops are available which can utilize low levels of inorganic



l;9

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 amendmen’
to the present contract.,

A detalled description of the research activities under the present
contract follows,
Puerto Hico

Baperiments with corn and soybeans: In a continuing effort to find ways

and means Lo ubilize nitrogen sources more efficiently for corn production
a " o 3

the fovr nitrogen Tield ewperiment sites were redivided in the fell of 197k

into three main plots, Thees were planted with soybeans, corn, or left
fallow. The soybeans and corvn will be harvested and the soybean stalks
and pods left on the ground. In the spring of 197%, corn, with and without
nitrogen fertilizer will then be grown on 2ach of these three pretreatments

(corn, soybesns, fallow) in order Lo debfzrmine the orfect of the rezidunl

9

nitrogen. It has been shown in the continental U.S. that the residusl fixed
nitrogen from o soybean crop is cnough Lo raise the grain vield on s
subsequent non-nitrogen fertilized corn crep by 10 to 15 bushels Ter acre.
In Puerto Rico and in other tropical regions high yields of soybeans have
been obtained and the time botween crops is less than in temperate regions.
Consequently, substantial residual nitrosen may be available Lo reduce

the npplied nitrogen required for high yields of a suburguent crop.

fxperiments with plantains:  The nitrogen and phosphorus fertili ty

~

2xperinents with rlamtains will be eontinued.  The rreliminoavy data from this
year's crop dndicate that yield levels of the first rotoon are as high as the

‘
]

record yields of the Cfirct crop with Yi4tle or no response to applied nitrogen
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and phosvhorus. ¢ is planned to continue the experimen! to determine if

the yilelds of subsequent ratoon crops will be sustainsd and I pronounced
reaponsoes o nit and phosuvlior woll cventunlly be obitained,
Liming Bvperimenic:  The subsoil Liming sxperiment with corn os the test

. ) - . PO A : - 1 S N Nv e ke
crop inittiatad ned Lo determine the long-nemn of ol

The rosults trom Lhe

that Lha erain vields

T e N R RN N I T SO N 1ime Sy s b e /} .
inere: LT Wl Idollme, T L4 Long/ne

A

(101 was Llimed, to 8.4 wons/ha (1026 bushels/

acre; wnon the Jinme te s depth of 60 on.

oy

field study will be continued

SLOOYWUS SXneriment witid oorn:

< PR N . 2 e T 3 \ 27 o -1 ey, vy} v
e restiaund of 1 int high levels of applied vhosphorus
Fith nnmgnl oo cationg o f arallor amowunts applied inon bHand,

large brosdeant applications

maas everny

Brazil

Lidhy studies:  These ot

PR

on the o1ty of the Campo Cerrado

th the Drozilian Agricualtural reh Orpanization
(EMBPAPA) nnvd Horti Carciins Stete Univercity will eontinue o focus on the
respouses of corn and other food crops to different levels and methods of
application of nitrogon, phosphorus, and Yime in order 4o determine the most
efficient ways in which the applicd nutrients may be utilized by the crop.,

vy

Nitrogen field cxperimente with corn were bepun las: year abt oo sccond site
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on i omedium textured acid soil which is representative of sxtensive areas
in the region,  These cxperiments will continue for et least two more
Crop years in order o determine the nitrogen utilization efficioncy.

The phosphorus and Liming exteriments with corn will continue in order

to determine the residunl efirets of the trentments on subsequent Crops.

It appears now thet & combine®ion of brosde ast osind banded phosphorus

applicationz v mont P ficions but additional triale in £ho field are

required Lo
Preliminary trinis with 5ovhoans Lowve Dviedd cot md m bt oh mope S it N
sreliminary trinls witn sovheoans hove indicnted o nigy productilon

potential of this crop on the seils under study.  Methods will be explored

wooattuin gocd pred

on how

LRI LA B Y i 3 [ $
Ltn mindmim fertilicer input,

("

The experiments on theoe infertile scils of the Cumpa Cerrado have

SRR ST SIS S P AR TR T A S, - L T e N 5y S ar S
concentrated thus Mur on supplyine nitrogern, phosphorne, and lime most

effectively. As potuassium zna wagnesium are very low in those soils more
attention will be given to methods »¢ supplying these nutrients more

A WLN] L .. Neatr s e e 2 : 3 -
effiviently so that ‘hay are not Limiting.

Soil-Plant-Wrater T beriments were initiated in the

spring of 1974 to stud o othe effect of ecertain soil manag rement practices

on water stress of the corn eror durine moisture defici: periods.  This
study has involved the measurement of grovth responses to water stress for
both the above and below srowd portions of the corn plant and an investiga-
Eion of the physinlogical factors most responsible for reduced growth and
yield as influenced by plant water stress.  The study alse will rolate the

characteristics of nutrient and water uptake to root mgrowth snd development

to the various soil fertility treatments. ‘The ultimate objJjective of these



studies is to make recommendations for the most appropriale water munagement
practices for cultivated crops on the soils of the Campo Cerrado. These
studies are plannsd to continue for another yenr,

Ghana

Fellowing the visit of wwo Cornell soll scientists to Ghana in the

bt

spring of 1974, plsns have been developed for collsborative soil fertility

research with the S0il Resesarsh Institute at Kumasi on the acid soils which

are extensi i the region. A cooverative agreement between  Cornell

and the Institute has bheson aprroved, and it is planned to initiate the
field experiments in the spring of 1875, In addition to the main experiments

on the land of the Joil Hesearch Institute, it is plannet to conduct

supplementary triels on farmers' flelds where the soils are similnar o

—
4]
-
()
+
o
[}
-
.
)
3
S
n
S
23
o
”
3
T
=
[

rreed that prisrity in the rosearch
be given to develep (1) efficient methods for supplying the nitrogen
requirements of the malor foosd crops for good producticn, (2) methods for
correcting z0il acidity most effectively, (3) methods fur economienlly

supplying phesphorus for sustained crop production, nand (W) methads for

more effizient waoe of coll moisture in relation to nuirient uptake.

Cornell-Ithuara

il and plant samples from the field experiments in Puerto Rico,
Brawil, and Ghan= will be analyzed to help interpret the vesults of the
field experiments and provide a basls for the application of the data to
similar soils in other sress of the troples,

Mineralogleal anclyses of the clay and other size factions of the soils

from the cxperimental plots oand similar soils from other areas will be made



nssiot in the interpretaton of the field results and the other laboretory
analyses,

A search will be made of corn and sorghum germplacms which show some
degres of tolerance to unfavorable =cil conditiens sach as high levels of
soluble alwsinm and/or manganese and which indicnte a2 cupacity to ubilize

efficiontly low ivvels or nitrogen, phoophorus, and ather nutrients in the

5011, The collection of promising sermplacsms will then he tested inoa range

)

of artificial modia solutions to simulete coll solution concontrations.  After
thig preliminary screening the bent of the materials in onch of the soil

problem categories will be subject to more criticel tests to determine the

tolerance limits.
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Work Plan; Abstract aend Time Table

Starting
Location Date

PUERTO RICO

et

. Hitropsm experiments with corn and
{ }

] SR

soyheans at L field loontions Octoher

.

itrogen and phosphorus experiment
e

~+ 3 yr
ntative

orepres

Py
.

vhaaphorus, and liming

PRV SR vy i oa 4 ~..r~ ,.o'\
Ratas and methods ol

~ . N R
oo 34 : repy ot Vi e o ~
STOTIATNYOSRY nd pxu)b:u‘ﬁ_‘x‘u.:

and Yime on eorn and other

rona April '7h

S, rotasolium sand moene o) Tyl
redquired on the 2oiils ot the Dampo
(Vgnympres ¢ P T FRS Py e ; 4 s SREP A
Corprado for o 2orn sl 2lher food orons April "7k

mena, g crnowaber

ey

of corn orop during moeistare

defisit pariods April '7h

£

GHANA

1. Rates and methods of application of
nitrogen and phorchorus “ervilizers on
corn and other fuod eraps nt bhe 00l

Rescourch Tnstitnto in Kumasi on

representative noid soilo of the repgion January 75

April '7

.
r i -1
test residusl effrets April '7Th

Eupeoted

Completion

2
SRRty VPR

~

Deotaber "6

June 6

October '75

-

October '76

June '7T7

June '7T7

January 76

June '77



Work Plong Abstract and Time Table {cont'd)

Starting Expected

Loceation {(fhana—cont'd) Date Completion

2. Fxperiments on rates snd placement of
Lime on corn and other food crops on
representative seid aoils at the Resenrch
Institute January '7T% June '77

3. Simple Lrials on Cormerst fields
Lo supplement the exporiments at

r

the Bosenrch Tnotitute January '75 June '77

CORNELL~-TTHACA

L. Laboratory analyses coll and plant
samples f'rom the field syperiments
in Pusrto Rico, Brazil, and Ghana April '7h June 'T77

20 Mineralogienl studies 50 soile from

the experimental rlots and simtlar

soils trom other aregg nroviie

aobasis for invervretation of field

resulis and laboratory YROD April 'Th June '77
3. i ne of

April 'Th June 'TT

ho Collection wnd sercen: of corn
and sorghum germriacms which show
tolerance to acid soil infertility April ‘75 June 'T7
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Budget-<April 1, 1975

Salaries and Wages

Overhead

Travel and Tranoportation

Allowances

Other
TOTAL

to March 11,

1

Ny
L

6

$ 158,000
) 3,000

21,000

2,000

$ 277,000



Personnel

Professional personnel with full or part-time involvement in the project
durine the year,

Cornell Staff

br. Matthew Drosdoff - Professor ot Soil Selence, Principal Investipator
Dr. Richuard H. Pox - Assistant Professar of Soll Deisnce, Prolect Leader

i Tuerto Bioo

Dr. Georiee OO linderman - ooeareh Sonoclate, Protect Lender in Bracilia
' W} >« eirea P i s o yy o~ $Y 3 T e
Jr. Robert M, Wewsver - Aosizstan’, Profossor of Dell Soionce
oy 0 e )
Dr. 'Thomas . 1 Inienoe

Dr. David B,
Dr. Dowsir ,
Dr. Robert B,
Mr. Jnames M,

Mro H, Tallevrand - Pooossareh

Mro Dl daoudy - Heoog

s Teory Voayvyyed o
R A e R N

Puerto Hieg S0

v

Hiewn - Director, Puerto Rico Agricultural Experiment

O Fordinand Sancher
Otation
Dy Fario ¥, Peres Vgeooloar - Asuoclate Director, Puerto Rieco Apricultural

Frveriment Ctalion

Dr. Kol Péres ~ fAscocinte Soil Scilentia-

e, Jood Reiilio - Ancistoant *

Mr. Reinalds el V - STAnL Ay

Mro Abdud Woahab - ol siehiemiot

Moo Jonefinag Biveore Mwios - Accoreiate Themiast
Mr. Josd Kodripues darcia - Hoscoareh

Moo Yvonne Proticelld - Coomiod

U, 5. Doegartment o Acrical wure

My. Jood Vicento=Ohanale - = Soil Sodent ist

Mr. Fernande Abrioys - U0l Sedentiot

vy Boberts W fenr o - il Oetentis
Bravii ~ Minictvy of Agrion ture o BMBEATA

My, Wiloon W. Sonres - 0000 iy, it
L Fneas UL Oalrad - Rescarch Asoistant
Mr. FEleios Martine - Technieal Assistnnt
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Soil Acidity snd Liming in the Humid Tropics. Robert W. Pearson.
Bullotir o the "alle of fgriculture and Life Sciences, Cornell University.
In prees,
Yhis Is a review of Lh e results of limg Eriala from the
hundid tropieal regions in toodetermine Wwhot sensral conclusions
may boe possible that wonld n the svnthend T notrl manneoment

systems Tor tropieal arens, o
with a nurmber of cubitapieas o
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