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Total: A.!.D. funding, June 30,- 1969 to March 3d, . 19,4 2:.,,. 

Total o:x]penditures and] obt1iga, Lions , July .1, TOT... u.~ : . , 19C7 

Total extiendirures anid obii atiOnns July 2l, I-973 .t.o M:reh .31, ].974 :$ 7 10,00 

rstiated expenditure A I, 1! 19t March 1975: 27,00arh1 

B.Narrat ve_ Sumr copishm an, i1) t i 'ato 
Yhthe-, fou annua toilThe foi{i 

"to determine the most effective a.mounts and methods, od a6 )'.tcation o~f r~it o~en.:-)ih shrogres t i' rrcach i1 report0'n 1
" ~phosphoTus , potassium, l.aming matedrials -and micronutri ents, t0"oach ieve tin " 

oroduction potential. f crops the i. the humid .nopir, Phifor lo on a.cd.. of
ultimate ob~jeecive of" the proj]ect .is to provide recomzuendations. to. cu3 Li vvl orf 

eltensiVe in the humid tover 1,500 millicn res according t, 
e-timte-. These soils arnd wed:lILodrainedI nd have od hy;I ... 
propetiaes, but at presently unproducive or have low urodue ti viiy because c, 

... plant :nt rient d,-ficenc-ies al uminum or ;:ananer e ox itiy *and o tho<r I r, i 
• factors. ec' '""i . .. , X, ! 

"The pro,ect- is ., desi.,rnedt s that the would hbep cab 1~ 't:. .i.;.'r 'o ... resultS 1qm.1 r ,tens ye 

a'reanS .of sils AmPria,a and 
initiated in Puerto Rico in the spring of 1970 in. coopertion with ,h E1ni veri ty 

. a'id in Latin Africa1 Asia te field r,,earch wm,. 

oPuerto Rico and inclaoaio ihr eareh personnel Of thre U.S Depart'ment 

of wAgricultue.-Researchstarted Brasilia. the o1' inwas in n Summer .972:i~i" :. ooneration with the Brazi.lian Virnistry of-AgricUl].are and: North ar,,i ]ma., Otatfi>i 

Un iversity. 

Puert A tota! of 15 crop, In..' u Rc corn and 3 sorghm have been h,,.te 
the,nitrogen experiments since 1970. 'The yield data of grai.n aind otover were 
supplem nted with several thousand soil.and plant analyasel to helt ine 
interpretation of the results. he main oncusionsae . (1) I., in n ConfCrrnt 
of the lower efficiency of'preplant applications of' nitroge eriie'/, 
comparison with jiostplnt; (2) the clayey Oxishi6s and Ulioshave n re,-ItivAy
high nitrogen supplying capae-fy,; (3) the yield pot (entialof'about 100 husheP
corn per acre of the corn hybrid, used was obtained in only h -f' theo I cor 
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crops;b e of drought, eases, %rd insects which emphasizes the need for0 Ludhes.MOM-=I-moist ure -and-fr -the deMvelopment-f-aJei&60-___A" resrtant to plant "Pests for efficient productihnof corn in the humid tropics 

he timing experiments have demonstrated the wide range of tolerance of various
 
rops to soil acidity and aluminum toxicity and that, in 	general, much lower
 
eve.s of, lime need to be applied to highly acid soils of the humid tropics

than has been previdusly thought,. The importance of counteracting subsoil 
* 	 acidit y to increase root penetration and reduce moisture stress during dry

periods has been demonstrated and.methods for praqtical application to field 
situations are being tested.
 

A significant response of corn to applied phosphate on a severely phosphorusdeficient soil was obtained with the winter crop :but not with the summer crop.
It appears that a more rapid mineralization of organic phosphorus during the 
wirmer ;rimier months is an important factor in the supply of phosphorus to the"' crop. 

Te 'fOI-rst crop of plantains in a phosphorus and nitrogen study averaged 12 tons 
pqr acre of edible fruit which is several times the average production in 
ucrto Pico. The availability of a new nematocide, Dasanit, has made it' 
phssible to reach very high levels of production of plantains, especially if
 
theraoon crops will have a high production as anticipated.
 

braHl: The irst crop of corn was grown during the rainy season from November,
7971,?April, 1973 on
to 	 a soil at the Experiment Station near Brasilia. This
 

, 	soil, Dark Red Latosol in the Brazilian classification, and closely related soils 
are representative of extensive areas in the Central Plateau of Brazil. The 
avvrneae yield of corn in the nitrogen experiment ranged 'from about 50 bushels perace wi"th only about 18 pounds per acre of nitrogen applied as urea to over 100 
buWhels per acre with l75 pounds per acre of nitrogen. The highest yields were
:btainded with 36 to 910 pounds per acre of nitrogen 20 days after planting plus
36 or Q pounds appliedJ52 days after planting. 

Proadcast applications izf superphosphate gave greater grain yields than 
equivalent amounts bandd. The maximumwith l50 pounds 	 yield (130 bushels per acre) was obtainedper acle o0 P2 0 5 applied as simple superphosphate. An important 
Problem to be resolved i3 how to effect a more efficient use of applied phosphate 
on this kind of soil whlih has a very high phosphorus fixing capacity. 

:hncorpon-ation of lime to a depth of 12 inches was more effective thanncorporation to a depth of 6 inches in 	 increasing yields, root penetration,
and utilization of subsoil moisture. 
There was no.significant difference in

SyieLd between the applienation of one ton of lime per acre and two or four tons.
 

The rate o water infiltIration into the soil was rapid ranging from 16 to 21i
cm/hour. There was little diminution in rate of infiltration after two 
successive floodings. Calculations from soil-water release curves showed 
that only about 50mm of water can be stored in the soil totba depth of 30
With evapo transpi ration 'of '7 mm or. more 'per 

cm. 
day, water stress is, likely after

Sawek without rain or irrigation -if the rooting depth is no more than 30 cm. 
TIs was 'confirmed7 by Gield observations.
 

H1
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S A. General Background. ... 

In view of the continuing need to expand world food production 

despite the successes of the "green' revolution," it is essential to 

utilize the available soil resources which have good potential 

productivity. The best estimates indicate that there are abou .5 

billion acres of deep, well-draiied, acid soils (Ultisols and Oxisols) 

in the humid tropic- which are potentially arable but largely uncultivated. 

Much of this land has favorable topofgraphy and the main limi ting factor 

is the Very low njtural fertility and often Soil Plisture defioiency at
 

critical growth periods. Research has shom that these soils have a
 

high potentiai fo- food production attively m-1dest cost provided
 

that proper soil, crop, and water management practices are used. There 

are any soil fertility and water management problems which need to be 

resolved under the different ecological enviroLnments in the humid tropics 

but prev tis research provides much encouragement for the ,conomic ut1zii"a

tion of extensive areas for food prod.uc.tion. 

In addition to the extensive areas in the humid tropics which are 

not now uinder cultivation, most of' the soils which are _alttvated av 

produced rather poorly. There are large areas under traditional agriculture
 

where the introduction of modern technology can increase food production 

substantially: Thlis includes the Judicious use of k'ertilizers along w-ith 

other improved soil and crop management practices, including water 

-conservation and control, use of improved seed, and the application of
 

pesti..ides.
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C. 	 Continued Relevance of' Objectives 

The major objectives as stated in the contract are still relevant. 

Following the experiments with cereal crops such as corn and sorghum, 

attention has been given in the research to other food crops such as 

cassava, plantains, and legumes.. More emphasis is now being given to the 

soil moisture factor in relation to soil fertility requirements. It had 

been assumed that during the rainy season in the humid tropics soil 

moisture would not be an important limiting factor. However, it was
 

found that dry periods of a week or longer could seriously affect crop 

responses to fertI1iters and lime especially during critical growth 

oeriods. This was especially true when the plant roots were restricted 

to the surface soil and not able to exploit subsoil moisture because of 

the presence in the subsoil of toxic concentrations of aluminum and/or 

manganeSe or a lack of calcium or other essential, macro or micronutrient ;. 

Deep Incorporation of lime, supplementary irrigation during critical. growth 

periods, and the use of acid toleraint species or vrtesa-re a 1'e.w (.f' 

the approaches being used to help resolve the problem of moisture ,tress 

of 	the crops as it relates to the soil fertility studies.
 

D. 	Accrmplishments to Date
 

Puerto Rico
 

Nitrogen Experiments : -These experiments were begun in April 

and M~ay, 1970 with corn aind sorghum as the test crops to determine the mnost, 

effective means of applying fertilizer nitrogen on five representative acid
 

soils. Other objectives were to determine the apparent recovery of 

fertilizer nitrogen by the crops; the interrelationships between crop yield, 

nitrogen fertilization, and soil. inorganic nitrogen content; and the of fec

tiveness of slow release sulfur-coatei urea as a source of fertilizer 



nitrogen for corn and sorghum on acid soils in the humid tropics. The
 

results of the first two years have been sujiarized in earlier reports."
 

91e last crop of corn was planted in late spring of 1972 at three ofr
 

the experimental sites to determine the residual effects on yield of the
 

nitrogen fertilizer applied to the previous crops. 
 The results indicated
 

that there is very little residual effect. Analyses of soil samples taken
 

in the fall of 1972 showed that there had been no change in organic matter
 

or total nitrogen contents 
in the surface soils since the experiments were
 

started in 1970. There was 
 also no difference in the content of organic 

matter or total nitrogen between those soils which had received 120 pounds 

of nitrogen per acre for four crops and those which had received no nitrogen
 

fertiization.
 

During the ve growing seasons of the nitrogen experiments, three
 

e nd tw 
 times.. or applintion of fertilizer were applied to fifteen 

corn and three sorghum crops on two Ultisols and three Oxisols representtieve 

of the acid soils in the humid tropics. A manuscript on this research has 

been submitted for publication in a technical Journal. The main conclusions
 

are:
 

(1) Confirmation of the lower efficiency of preplant applications of 

nitrogen fertilizer for increasing corn yields; there is little reason to 

consider preplant nitrogen applications in the humid tropics except where 

the soils are very deficient in nitrogen in which case a relatively small 

amount of fertilizer nitrogen is needed at planting; the bulk of the fertilizer K. 

nitrogen should be applied just before the period of most rapid growth which
 

with corn begins approximately six weeks after germination; 

(2) In spite of' the humid tropical climate and history of intensive cropping
 

in Puerto Rico, the 'clayey. Oxisols and Ultisols have a relatively~high 
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increase~ root" _penetratio and reuc mos~r!9rs -u-ib,(ypr~k 

been demonstrated and methods for practical application to field situations 

are being tested. 

Phosphorns Experiments: Field experiments on 1two representative Ultisols 

with corn, sorghum, and plantains have been conducted during the past three 

years to: (1) Define response curves of phosphorus fertilizers; (2) estimate 

the residual effects of applied phosphate; (3)measure the relative efficiency 

of broadcast versus banded phd-phate fertilizers. As reported last year 

there was no response to applied phosphorus of sorghumn or corn at one site 

even though chemical soil tests and a greenhouse assay had indicated that 

this soil should respond.
 

In January, 1972, plantains were planted at this site and the design
 

modified to study the responsesv to both phosphorus and nitrogen fertilizer
 

applications. Earlier work had indicated that plantains were responsive
 
to applied phosphorus on this soil and as planta in one of tihe most
 

important ood e in the tropic, it wa decided to initiate soil
 

fertility studies with this crop. The £irst crop of piantains has Just been 

harvested and the data have notyet been analyzed. However, the yield oI 

all plots are very high and an average of 12 tons per acre of edible fruit 

is estimated . This is several times the average production in Puerto Rico. 

In the past nematode infestation has severely limited plantain production,
 

especially the ratoon crops., The availability of' i new nematocide, Dasanit, 

haT made it possible to reach very high levels of production especiallyif 

the ratoon crops will have high production as3 anticipated. 

At another site on a clayey Uli~,chemical somil Lests indicate_d tt 

severe deficiency in phosphorus. - Corn was planted at thIs si.e in the Val. . 

of 1971 to test the response to difi'erent levels of applied phoSphate with 

| - I |,. 
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hypothesis is suppor-ted by the fact that at least 250 lbs, per acre 01.
 

nitrogen ,qas mineralized in the last two crops in ain adjacent nitrogen.- .
 

experiment.
 

It should be noted that the first drop of corn grown in the winter 

months showed a significant response to applied phosphafte whereas in contra t, 

the second crop grown in the summer did not respond to phosphnte rpi ieatlon,. 

This sugg,ests that the warmer summer temperaturesi resulted in a grea.ei' 

mineralization of oganic matter than in the cooler winter months with a 

con:equent release of larger amounts of phosphorus available to the plants. 

A considerable amount of research done in the temperate regions indicates 

that the release of organic phosphoru3 under field conditions contributes a 

significant share of the phosphorus to the crop. Because a study of the . 

release of organic phosphorus under tropical conditions might contribute to 

a more efficient and economicnl use of phosphorus-fertilizer in the humid 

tropics, investigations have been iniitiated on the iitosinyolved ini t~he 

release of.organic phosphorus and the relationship to the inorganic phosphorus 

fraction. . These studies should help explain some f.the variabil.ity In 

effectiveness of ferti]izer phosphoras res;ponse predictions when these predic

tions are based only on some fraction of soil inorganic phosphorus. 

Soil Moisture Studies: As indicated:in last year's repo-i , water stress 

'
of the growing crop commonly occurs in the huimid tropics5 durinpf short p),eriods 

of drought during the rainy season. It was found that this can seriously . 

limit the response of crops to applied fertilizer nutrients. This is 

especially so in acid soils where a high content of soliible aluminum in th 

subsoil. creates a hostile environment which limits the rooting depth of many 

crops, particularly aluminum sensitive crops such as soi hum. In order to 

assess the effr t of the soil moisture fctor it is necessary not oly to 7et 
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'ill be ~nd n completion of the experiments.
 

Braza .
 

was Istated 1972Introduct ion: Tie research. in Brazil ilJuly, 

at the Brasili Experiment Staton under agemet develQped in 1.971 

by the Brazilian Ministry of Arriculture, Cornell University, North 

Carolina State University, and USAID/Brazil. Corneli and North Carolina 

State Universities are contribiting jointly to a single researCh effort 

at Brasilia under their respective contracts. Dr. George C. 1aderman of 

Cornell has the main responsibility for coordination of the project at 

Brasilia, Thiree Junior scientists joined the project in Brasilia during 

the first year of operation:1Mr. Enrique Gonzalez E. and Mr. Russell S. Yost
 

rof 1orth Carolina State University and Mr. James M. Wolf of 1Cornell"1 

University. AlthOugh each of -the individuails based" in Brasilia has major 

responsibility for the" necific seiment of research most closely related 

to his- .interest and training, all members, of the tea, have been involved 

in the planning and implementation of all parts of the project. Part of 

the work of the junior sceintists will be used for their respective 

doctoral dissertations.
 

Faculty members or both Cornell and North Carolina.State Universities 

have provided short-term on-site con.ultation. Profe.,or E. J. Kamprath 

of North Carolina and Professor Gilbert Levine of Cornell have spent about 

two weeks at Brasilia to advise on the phosphorus, ime, and soil 

moisture studies. Professor F. R. Cox of North Carolina worked with the 

group for about a month in establishing the zinc experiments. Professor 

14.G. Cline of' Crnell and Professor S. W. Buol. of North Carolina in 

collaboration with four Brazilian scientists spent about three weeks in the 

regipn to investigate the extent to whi'ch the reSults of the research t 
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texperiment station could be applied to other areas in the, Central 

the projulnessof the findings. 

.The project is based at the Brasili Experiment Station in the Federal 

Dis7trict. Offices, laboratory facilities, fieldilabor, field equipment,
 

ferti!izers, insecticides, and land area at the station have been provided
 

by the Brazilian [government. Mr. Eneas Z. Galra6, staff member, and
 

Mr. Wilson V. Soares, Director of the.station and soil specialist, nave
 

1
been closely assoeiated With the planning and. implementation of the project.
 

The Services of one 
full-time Brazildan technical assistant, Mr. Elcios
 

Martins, have been obtained through a contract between Cornell University
 

and a Brazilian employment agency. Under this arrangement, Mr. Martins
 

has operational responsibility for much of the experimental work and 
 :
 

manages the field labor staff.
 

USAID/Brazil has been most cooperative in providing two vehicles
 

and their maintenance for the project. These vehicles are used almost 

entirely for daily trips.to the experimental site which is located about
 

25 miles from Brasilia. The USAID Mission has also provided other services
 

to the project personnel at -Brasilia such as 
language training, health,
 

communications, household furnishings, and other services.
 

Objectives: Experimental work had been initiated at the station 

in 1966 and the results through 1971 have provided valuable guidelines for
 

initiating,project operations. As a result of a review of the previous
 

research with the Di.rector of the Experiment Station and his staff and 

with the Director of Agricultural Research of the Ministry of Agriculture
 

and his associates, the initial objectives of the research were to establish 



the. following experiments on a soil (nark R~ed Latnool in~the Brazi.lian..
 

classification and probably Tyvpic Haplustox, fine, isohyperthermnec, kaulinitic ....
 

in the U.S. Soil Taxonomy) representative of extenive are.s in thee , 

Cerrado with corn as the test crop to:. 

1. 	 Measure growth and yield responses to different levels, frequency
 
of application and sources of nitrogen fertiliZers;
 

2. 	 Determine growth and yield responses to levels and methods of 
application of phosphorus fertilizers and their residual effects;
 

3. 	Measure growth and yield responses to levels of inccorporation of
 

lime and deterziine the soil. moisture relationships to depth of
 

incorporation of lime;
 

h 	 Evaluate soil characteristics related to moisture supply under
 
different levels of water applied by na~ural rainfall and by
 

controlled irrigation;
 

5, 	 Determine suitable rates and residual effpect of zinc fertilization , 
and relationship to different levels Of lime applications on 
growth and yield response. 

Experiments and Results: The details of the field experiments and the 

data obtained are .given in Appendix 1. Following are "the conclusions from 

the first crop of corn which was planted in November and December, 1972 during 

the 	rainy season and harvested in March and April, 1973.
 

Nitrogen: (1) The average yield of corn ranged from about 

50 bushels per acre with only about 18 pounds per acre of' nitrogen applied 

as urea to over 100 bus-hels of corn per acre with thie application of'about 

125 pounds per acre of'nitrogen; (2) there was a high variability in the 

responses to the different nitrogen treatments, which could be accounted for 

by the variation in the amount of nitrogen released from the minerailization 

of the organic matter; (3) the addition of 36 pounds per acre of nitrogen 

28 days after planting gave a substantial increase in yield over that obtained 

with 18 -pound per acre applied preplant; (hi) the highest yields (100 bushels 

per 	 acre) were 'obtained with 3)6 to 5)4 pounds of nitrogen per acre applied 



20 days~ after planting plus 36 or 5 pounds applied 52 days after plnting; 

.. the .-appl.ication of nitrogen as calcium nitrate gave about the same
 

results as that applied as urea; (6) generally the response to sulfur-coated 

urea was about the same as that of regular urea; (7) undoubtedly the response 

to nitrogen applications would have been greater if more phosphate had been 

applied in the basic treatment. Only about 350 pounds of P 0 per acre were 
2 5 

applied and the phosphorus experiments summarized below indicate that this,
 

amount was not adequate for maximum yields.
 

Phosphorus: (1) The soil was extremely deficient in phosphorus 

aod large applications of phosphate fertilizer were necessary to obtain good 

*yields; (2) the maximum grain yield (130 bushels per acre) was obtained with
 

* 128C kg/ha (1150 ib/acre) of P205 applied broadcast as simple superphosphate; 

(3)~applications of 40 and 80 kg/ha (35 and 70 lb/acre) of P205 banded resulted 

in ,nly 30 percent of the maximum yield with no significant difference between 

the two treatments; (4) broadcast applications of superphosphate were 

significantly better than the same amounts applied in bands; for example, 

3.0 kg/ha (280 lb/acre) of P20 applied broadcast resulted in yields of 

almost 80 percent (100 bushels per acre) of the maximum while uhe same 

amount applied in bands yielded only 60 percent of the maximum; (5) a split
 

application of 80 kg/ha (70 lb/acre) banded and 80 kg/ha broadcast 
was
 

equally as effective as 320 kg/ha of 
P25 applied he band; (6) increasing 

the amounts of phosphate applied broadcast increased yields proportionally, 

fromi 160 kg/ha of P205 resulting in a yield of about 66 percentof maximum 

to -1280 kg/ha resulting in the maximum y ield of about 8000 kg/ha (130 bushels 

per acre). The complete,-" are given in A I.
 

As indicated above one of most interesting results with the first
 

rainy season corn crop was the greater effectiveness in grain yield response
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Work Plan; Abstract and Time Table
 

}
LO Ca.ul,()fnDate 

Starting Expected 
Completion 

PUF IO 1k1CO 

1. :uitrqn.m and nh8sphorus experi-
ments with casava on Oxisols 
and Utis s at 4 loation.s. 

2. Ii00M "Ii A': 1h<ru; experi-

April '73 

Jan. '72 

April '75 

June '76 

3. AVItr .n, 10 ,.im,; April '73 June '76 

I. 

tnnt 

KmV 

CrapsO£,:3 

L:IZ, aluminum May '73 June '75 

RRASUKI , ?P!'AYi! , 

1. .uit q:'i 1h Q i-us e.:eri- Oct. '72 June '77 

a.pp 1i "a' i"N . n .' , A.01-' 
I;&' "'up" '1 z" . o 

1evo, mi-n I. Ir mos t OfrooliveUti 22 2u 1,,,. by -.":' "%nd onho 
food( crp on:,-,,,s r'.'; P' ';-powet -

L.ive' of!y,:.on,--i,,o nr",risu in th' 

P. Vi, r n- rimonn: E'' f,- t of" Oct. '72 June '77 

deeI lr liv m n ,1 C' *''I Ni 

3. " 'S,m, . t, i,' 

min-l t'h, ,,I, io-, -p
c'"op yield N -1' 

a0 N 71 by. wae', ' 
IundeI I'ira ll 
Li onl. 

to, deter-

bet ween 
' lity 

.'l'tlability 
and irriga-

Jan. '73 June '76 
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Work Plan; Abstract and Time Table (cont'd)
 

Starting Expected
 

Locati on Date Compl etioni
 

GHANA
 

1. Nitrogen ard phosphorus experi- July '74 June '77
 
ments: Fates and methods of
 

applie nton of nitroe' and
 
phosphorusi; f-," r's;,.'' Cc!
-,
 

dete rmin'- er '"''st efective 
utili"zat'ion by, c-,:rn and other
 

!<'Vf1"O: D Y Uh'. 'q~.tiV.
 

2. i , ... f MulY '74 June '77
 
,


rate?,s t-u:, In,'m:,, .f lim n~
[:' o 


yi-eldls of ,-rr,-A .nn,, nth-r rload
 

cropsb2 on reptresen<']Lta:jve aaKi,
 

soils of t.he 'ar-o'.
 
m . •]m ' ." 

. July 'yL June '77 
man :.' :'W.r:., #,' r n m :e
 

soil fo:-rtO [ y, r._quirnm,_nts.
 

I T' *-4 

j. Chemical ,t les . so'j e.- April '73 June '77
"my 


from< field exi<e<.t n K Flerv-


Pico, hrr:nJ K ana, an! ,rhvr
 
co,,ntri es to M>a Q.!,nlp t:rpr,:. 

f'iel~d ex.prerinon. v ik! pr'vi ]- ,".
 
bhasis for" ,the a '~ :.*oLd n'4:
.
 

datu -smlr lsi teiarna.'.s ri~lmth l : .- . , ,~e 

2. Cl' - , .y,. o' April '73 June '77
 
so ' f'ro-m th ,,' , i -"r ., plots
 

and simir.r ! f 'rom,th " areas
 
to as-nt i Cho int,,n rrtat,ion
 
of the field ind','
labora]tory data.
 



Budget Plan - April 1, 1974 to March 31, 1975 

Sal t ,'$ 160 ,0000 

Overhead 55,000 

TravI & Transportation 8,000 

A11 owar cem; 15,000 

Other jrct -C.st- 5,000 

Equi p)nnt Vhlies, & Supplies ,OOO 

TOTAL $ 275,000 
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Personnel - April 1, 1974 to March 31, 1975 

Location Man Months 

PUTOIR) RI CO 

Pro fessi on'al 

R 1. o'cx - Soil Sci.entist 12
 
F J. Brenes - Soil Ch.mTist 6
 
R. , ,. L;H., - Agronom is t 6 

Y Fra elli - Chemist 6 
H i al n, - Research Assistant 12 

- Lab. "echnic'n 12 
~ u Secretary,--~ '":,, a 12 

48 
-:,bor, (,,.band Greenhouse) 12 

Pro f'-, 4 d 

... ....
 
J i' 
D. Ban'.', 


J-

'F~['~ and Lab. ) 

Pro fessi 

Laborers (Field and Lab.) 


ITHACA
 

.Profess ional 

M. Drosdoff 
R. M. Weaver 

-cientist 
- Res. Asnistant 
- Ken. Assistan:t, 

.i .e, .A ssi San% 


- FieldAssistant 
- Lab. As;istant 

sr',s,
 

oil jcenti.st, 
Re''.sitn
 

- Field and Lab. 

- Soil Scien'tis, 
- Soil Scientist 

Technic ian 

12) 

12 
3 

12 
.2
 

15 

9 

9 
1.5
 

3 
6 

http:jcenti.st


Personnel 

Location 
Man Months 

TTIIACA 

Profes i onal (c()n t ' d) 

D. R. Bouldin 
U. ,J.Lathwell 
T. W. Scott 
R. B. Mungraw 

- Soil Scientist 
- Soil Scientist 
- Soil Scientist 
- Crop Scientist 

1 
2 
2 
2 

M. PIuyuIco.ak - Secretary 12 
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Appendix I 

Details of the Soil Fertilitv Experiments with Corn at the Experi.ment
 

Station near Brasil ia, Brazil
 

SOIL 

The soil on which the xTeri.ments were conducted is clasnfi.fed in t.he 

Brzi ian ,system a lLatosal ,u dystrophi, cliyey, ce;rrh phs.',-,. 

In the U. S. 0:,1,; ..r <..'l',x,- ,,;'.' th:"........ il': woul:l fall in.r either' the Hapstufcx or 

- . .. .... . . :-, . 

' a transit.ionar, K ... nn .": cm thiok dar .. ed D OR .; W R 4/6 P:ub.oi].l - 7' , to. n.. r.<:.o... W9:. to: hi') 

The H ay ,-. gr- rnC. , in; n:... .o nna.a vry his'. Y n-;,e' rin.............
 

7v v Upo V a- : e, :adisqcy hatu 

loam . au W ,' . ",, 1, .1 ": 1uibi ,1 i ,, l II mmQ.lnnf 
, 

yr..urm n: 0.5 

, "h," ;nn d -c, ' w. j.l& rbbingu n C:r : r:-. minutes whi w. t in 

.Fertilit Ministry f <iultureTg a, y of the Braz ili an; or A, 



____ 

Wall 

Hori on Depth anir:---. iho K1 
fa- r i;- ('y- 2. a H 0 Kc 

A9 1 Tr)14 5 14.9 )4. 2 
A3 10 35 -i 19 48 6 4.8 4.3 

rO 58 1- 47 1 4.9 4.? 
B2: Y0150 ",-
 47 0 5.0 ., 

13?P 1 0-(0 9 19 42 4. 4.1 

............... ...li , - 00 g
.. m e/lDepl:th ______ c,.+ K.': Al 
C'Ml 
 "
 

0-itO 1 6 ' -. L 0.1.0 1.9
 
.10-35 1 1
•1,2 0.. , 
 G.2 0.05 2 .

5 - .70: O.0 0"-
1 
0... 3 0.2 0.03 1.6
 

70-150 
 0  0.2 0.01 1.5 
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LIMING WERIENT 

* Plot Size, Planting Distance, Designi, and Variety 

The samne as the nitrogen experiment.
 

Basic Treatments
 

Nitrogen: 20 kg/ha of N as ammnonium sulfatle banded at planting,
 

40 kg/ha applied as urea after 30 days and 40 kg/ha 
after 60 dauys. 

Phosphorus.: 200 kg/ha of P205as triple superphospha to broadcast, 

and 100 kg/ha applied in the band. 

Potassium. Magnesium , and Micron trients: h same as in the 

nitrogen experiment.
 

Planting and Harvest Dates
 

TPhe corn was planted on December 11, 1972; and harvested on May 10, 1973. 

Irri gat.ion 

Tlhe pl)o ts were not i rrigat ed. 

The following, table gives the data on responses,- of' corn to( wncunt an~d 

depDth oil incorporation of" lime: 

Depth of Grain yield Lea f are.a
Lime, incor'poration at 15.5% moisture indexY 
tons/ha cm kg/ha* 

4< 0-30 4797 2.65) 
8 0-30 14792 31 
2 0-30431 .4 

1. 0-30 4019 25 
1.0-1.5 4004 25 
80-15 3723 P.83< 

.ton1 of 03.37 .
+0 gS04'7H2O003 57 
2 0-15~ 5 3 

)- 2115 0. 2. 04 

*,ucnsmutiplerge tsror'infct diffeence 
is -inl::aed by
uthe smalli letters. 

0 



The fliowingff table gives the effects Of the amnount, andi depth of
 
inorporation of lime on Al saturation of the soil and root development.
 

Depth of lime Depth increment 	 Dry Root length!Lime Rate incorporation of sanple Al sat'n 
wt. 

of roots soil volume*
 

'P/ha cm 
 cm g CIm/lO, CM3 soilI 
2 0-15k0- 15 2111. 	 lO 

15-30 6 0 9.11 236 
30-4 69 1856 

* 	 0-15 0-15 6 25912 
15-30 55 93 342 
3--45 65 3. 0 1Q&0 

40-30 0_15 8 930L 
it15- 30) 3.220 b5o 

30-4 5 6 3. 17 
'*'SOI 	 :/ MOIoSTURE 
 L ;'ii / 

* The line intersection method used here for the determination of root 
leghwas reportedi by E. I. Newman, 19)66;, Appi. Ecology 3:139-145. 

Techniques for running, oil-water contents were c np. ared it-. and 

w.....concl... ....... 	 .ples
ded that . soil core (a"l e used to det...r-

Min- water retention in th wet range (0-3/11 bar) and that disttirbed
 

s pesshould be used to measure water retention 
 in the diry range (1-15 bars). 

An ;overeistimation oC soil-water content will be made b., using disturbed
 

s plson the pressure plate in the wet range, or by 
 running "tundisturbed"I
 

coresamples on the pressure plate apparatus inl the dry range.
 

Tenslometers, and (Wpsurn blocks were installed in the 
 field plots and 

the tension or resi stance readings were correlated with, soil-water conitents 

ats determinled. gravimetrically. In the tension range 1-15 bars, 'disturbed, 

saluples were. run on the pressure plate apparatus. Trie 'percent. soil-water by 

weight wasx coriverted to percent by, volume by using the1 bulk density measure

mes itsdetermined - in the field. 
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1. Soil-water release characteristics for three O.isols ...the 30-centimeter depth. 
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Figure 2 	 The effect of water loss by ercoation upon aoil-water tension ith time. (Measurements 
made in the field at a depth of 30 centimeters in a plot covered to prevent evaporation.) 
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Lraiisport and r distribution with time. For examplez, this can mean continued 

leaching and los of fertilizer material many days after a rainfull :" 

irrigation. Equally importan t, it sugests ithat liming,mraterials rr:ay 

continue to r',distribu .,with time. In th,-e soi.s, ep lime movement may 

be a poss;ibility wit..put dorep p.acment of the materl . This possibility 

merits further study. 



Appendix II 

Bibliographic List anid Abstracts 

Nitrogen Fertilization of Corn and Sorghum Grown in Oxisols (aid
 
Ultisols in Puerto Rico. R. H. Fox, H. Talleyrand, and D. R. Bouldin.
 
1973. Submitted for publication to the Agronomy Journal.
 

Three rates and two times of application of' fertilizer N were applied
 
to 15 corn and three sorghum crops on two Ultisols and three Oxisols during•

five successive growing seasons in Puerto Rico to determine the most effec
tivemeans of applying fertilizer N to these crops. Additional objectives '
 
were to determine the apparent recovery of fertilizer N bythe crops, the
 
interrelationships.between crop yield, N fertilization and soDil inorganic
 
N content; and the effectiveness of slow release sulfur-coated urea as a
 

* source of fertilizer N for corn and sorghum.. The results indicated that: 
(1) Postplant sidedress applications of fertilizer N resulted on the average 
in higher yields and plant recovery of fertilizer N than preplant applica
1tions; (2)when there were no limiting factors of climate or disease, and
 
there was a response to N, the recovery of postplant applied N was comparable
 
to that observed in temperate areas; (3) maximum corn grain yields were
 
approximately 6.3 tons/ha; (h) nearmaximum corn grain yields were obtained
 
with 67 kg/ha of postplant applied N; (5) preplant applied suifur-coated
 
urea is no-more effective than preplant urea in increasing yields or N
 

*recovery; (6)soil inorE nic N content was generally not a good index of 
soil N supplying power in these soils; (7) drought and disease frequently 
reduced yields;, (3) there was very little residual effect of the fertilizer 
INapplied in this experiment; and (9) the clayey Oxlvolsani Ultisols in
 
Puerto Rico had a relatively high N supplying power. -


Denitrification Losses from Humid Tropical oils of Puerto Rico. 
Hi.D. Dubey and R. H. Fox. 1973. Submitted for publication to the Proceeciings 
of the Soil Science Society of America. 

Profile samples from five depths (0-25, 25-50, 50 - 5 1 75-100, and 100-aa5 cm)

from three soil. ypes (two Oxisols: Piha sandy loam and Catalina clay, 'nd
 
an Ultisol: Humatas clay-) were incubated at 23±1C under field capacity and
waterlogged conditions in an oxygen-heliuin atmosphere. Evolved N andi N20
 

- were determined after one and two weeks by gas chromatography. " 

Denitrification was related to moistu.re level, organic matter content., p
and denitrifying population. Gaseous -nitrogen losses occurred almorst 
exclusively unider waterl~ogged conditions -and from the~surfuce :-soil. (0-25 cm)
 
and ranged from 8-to 31 percent of the applied-NO7 -N. Some loss (7 percent.)
 
also occurred at field capacity from the surface hlorizon of the Oxcisol having
 
the highest organic matter content ,- Catalina clay. Losses were directly
 
related to organic matter content. Raising the pl of the subsoil' had only
 
slight effect on enhancing denitrification. KAddition of- a deni.t r Jfyri.n(7

population to a subsoil with a~raised pHi and organic~matter~content inrceased
 
denitrification ignificantl.y. Losses by denitri-fication were important in
 
the surfac4U soil, and the lack of denitrification at~ loe epthns was due to 
an inadequate supply of rapidly available energy material, low pHi, arid
 

http:moistu.re


Consequent lack or a denitrifying population. Since the surface soil, 
where deniltrifiation is-important under nor.mal conditions does not'generally get waterlogged, there is little possibility of N oses bydenitrification in these humid tropical soils. 

Limitations to Productivity of Some Ultisol and Oxisol Subsoil - .K. Dale Ritchey and Richard H. Fox. 1973.. Submitted for publication to />JeJournal of Agriculture of the University of Puerto Rico.. 

Greenhouse experiments with maize were carried out to see if the reported
infertility of some subsoils could -be improved with mineral fertilization andefficient waterings. it was shown that the Ni pe soil series (Typic Acrorthox;clayey, oxidic, isohyperthermic) exposed subsoil was as productive as theCarreras series (Aquic Tropohumult; clayey, kaolinitic, isohy.perthermic)
surface soil when N, K, micronutrients and 600 ppm P were added and the potswere watered by means of wicks, Carreras subsoil., when limed and fertilizedwith N, K, 300 ppm P, 100 ppm Mg and 36 ppm Zn produced as well as Carrerassurface soil, eve though i contained only about one-third as much organicmatter. A comparison aizong eight surface and subsoils showed that yieldson limed, liberally fertilized, well-watered Los Guineos series (Epiaquic
umnoxi Tropohumult; clayey, kaclinitic, isothermic) surface soil, Carreras ... sol ,I a series (Psammentic Haplorthox; sandy, isohyperthermic)s "o a s - "a lndyi s y er t rie... 

sur face, soil, Los Guineos subsoil, Pila subsoil and Catalina series(Ti'opeptic Haplorthox; clayey, oxidic, isohyperthermic) surface soil werenot significantly different. However, the yield onthe least productiveof' two Ctal-'ra subsoils, was only 6hs percent of the yield on the Los Guineos,surface soil. But with the addition of Zn nd slightly Over 1000 ppmI P,
greenhouse pot yields on the two soils were essentially the same. Fieldexperiments will be necessary to determine optimum P rates under fieldconditions. It was concluded that the .productivity in greenhouse pots of,,u'fnce and subsoils or the Ultisols and Oxisols studid cbe brought

s xsossili, can all1'e 
to the same high level, provided adequate mineral fertilization (including
Zn and high P rates ), lime and water management are used. 

, .- < . 

B'itchey 
Use of Wick-Watering for 

and Ricbard H, Fox. 1973. 
Greenhouse 
Submitted 

Pots in the Tropics. K. Dale 
for publication to Tropical 

The use 6f a simplified modification of the wick-watering method of •
Dolar and Keeney (Agronomy J. 63:331-335. 1971) was shown to increase yields
iri greenhouse pots over' those obtained -,ith conventional watering, presumably'by increasing the upply of available water. Water contents in various partsof the pots ranged from 70 percent of field capacity to hl percent. Oxogendiffusion rate current measurements indicated that sufficient oxygen wasavaiiable to the plant roots. The method permitted a considerable reduction
i llthe time necessary for watering. 
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