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PROJECT SUMMARY Pb-AAc - 887
Major Type of Activity: Key Problem Area, Water and Tropical Soils Mancgeuent
Projeot Title: Agronomic-Economic Regeui'ch on Tropiédl Soils
Contractor: North Carolina State Univeraiiy

Contract Number: AID/cad-2806

. Npm———mete~
Contract Liaison Officer: Dr. W.D. Toussaint, Dr. R.J. McCracken, Dr. J.4. Rigney
Title: Prof. Agr. Econ, Prof. Soils, Dean. I:tl. Pro.

Projeot Mumber: 931-17-1207>—— 528

Present: 73-3102731

Project Duration: Started 6/30/70 Termination Date__6/30/75 —
Budget: a) Funds obligated through FY 69 : § -0-

b) Funded for FY 70 t 339,000

c) Funds requested for FY 71 : ~0=

d) Estimated fund requirement FY 72: 375,000
TA/AGF Project Monitor: Dr. Alvin D. Ayers

Purpose: Basic soil chemistry-soil fertility relationships have not been ,
keyed to agronomic-economic studles in LDCs. The objectives of this research
are (1) to develop methodology for an economically sound system of making
fertilizer recommendations based on information gained from soil analysas and
fertilizer crop response data, primarily from Latin America, for developing
countries in tropicel regions and (2) fo obtain basic soll fertility-soil
chemistry data as needed to support (1) above.

Description of the Project: Economic and agronomic soil activitles in the
project are to be integrated and interrelated as one program. The specific
work plan for each area follows:

1) Apronomic-economic yield evaluation: (a) Existing soil fertility-yield
response data will be processed in a manner suitable for analyses; (b
analytical models for extracting information from limited data wlll be evuluated
on basis of theoretical and operational acceptability; (c) anmalytical model (s)
gelected will be used to examine the collected date; (d) experiments will be
designed to fill in critical data gaps.

2) Agronomic soils aspects: (a) Bapic soil fertility-soll chemistry studles
will be initiated only as nesded to support the agronomic~-economic studies.
It is expected -these studies may include (1) nitrogen fertilizatiom, (2)
phosphorous fertilizers, (3) 1iming (4) micronutrients. (b) Basic soil
charactorization in support of agro-sconomic evaluation may include: (1) soil
mineralogy data from key sites end (2) soil physical properties. (c) Contractor
shall obtain soil moisture and climatic data as needed to aid in explaining
and interrelating yield potential and fertilizer response.

Future Plans: This project will be coordinated with the AID/Cornell Univereity
fertility project, TVA, CIAT, CIMMYT and other AID-sponsored activities
relating to tropical soils management and orop production.. '

TA/AGF:D.Blakes 7/15/70; revised 8/10/70
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PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUNDS
PART II
ENTITY: DS Bureau
PROJECT: Agru-Econ Research on Tropical $So0ils-NCSU
PROJECT NUMBER: 931-0525.,11

I hereby authorize $85,000 in grant funds for a three month extension
(from January 1, 1979 to March 31, 1979) of the project "Agro-Economic
Research on Tropical Soils" with North Carolina State University. This
extension will provide the time necessary to develop adaptation and
application activities based on past research findings. This extension
and futurc adaptation and application activities are in direct support

of the A.I.D. Missions and Governments in ru and Boliyia.
M@/

Sunder Levin
Assistant Admi rator
"~ for Development Support
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ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR FOR DEVELOPMENT SUPPORT
THRU: DAA/FN/DS, T. Babb .
FROM: DS/AGR, Dean F. DetersoJ‘f

SUBJECT: Three month Administrative Extension requiring $85,000 for the
research project '"Agro-Economic Research on Tropical Soils"
with North Carolina State University

Problem: Your approval is required for a three month $85,000 extension
of this soils research project. This extension and future adaptation/
application activities togcther will allow the Latin America Bureau,
USAID La Paz and USAID Lima to program for continuation of these activi-
ties currently funded by DS/AGR.

Discussion: North Carolina State University (NCSU) initiated the sub-
ject A.I.D. funded research activities in FY 1970. A total of
$2,731,000 have been obligated for this project since then. This pro=-
ject is currently being implemented by NCSU under contract AlD/ta-c~1236
which DS/AGR originally intended to terminate in June 1978. A six month
unfunded contract extension was recently made which now carries the pro-
ject “hrough December 31, 1978.

when the two A.I.D. missions in La Paz, Bolivia and Lima, Peru became
aware of DS/AGR's serious intention to terminate this project, they re-
quested that the project be continued with DS/AGR funding until such
time (hopefully by carly FY 80) when they would have budgeted funds and
developed their own projects to continue NSCU's soil research and re-
lated activities in their respective countries. The future plans of
these two missions refleect the strong interest and involvement of the
governments of Bolivia and Peru in NCSU's past, current and future work
on soils in their countries,

Currently NCSU has active field research in progress at Yurimaguas,
Peru along the upper reaches of the Amazon, at San Ignacio, Bolivia,
and at Plaraltina near Brazilia. The work in the Peruvian jungle dates
back to 1973 and demonstirates a viable pattern for development of per-
manent agriculture on the acid soils of the upper Amazon. The research



plots at San Ignacio, in a mixed savannah and jungle region, have shown
the potential of thesc soils but have not been followed long enough to
uncover sccond ard third gencration problems which will almost certainly
arise.

The work in Brazil will be taken over by EMBRAPA scientists. Continued
research is needed in the other two regions but there is also an urgent
need to carry research results to farmer's fields and test them under
the local physical and economic constraints. Settlement of both areas
is now taking place and will continue. If it is guided along lines which
will protect the soil and assure consistently good production, permanent
communities will flourish. If uncontrolled land clearing and exploitive
farming become the pattern, fields will yield two or three crops and re-
vert to jungle. NCSU's soil research has established that yields can be
sustained with lime, fertilizer and systematic crop rotation. The opti-
mum mix of practices piven the farmer's resources has yet to be worked
out.

The missions in La Paz and Lima have furwarded requests from their host
governments that this project be continued. The missions are equally
supportive and the contractor, North Carolina State University is pre=-
pared to continue. There is no other centractor with field research
experience in the two areas under consideration. No other contractor
has established ties with the host governments in general and the offi-
cials on site in particular.

In order to facilitate the two mission's needs for time to budget and
develop their own projects in conjunction with NCSU and also to avoid a
break in continuity of NCSU's soil activities in Latin America, DS/AGR
feels that two actions are appropriate at this time. First is a final
three month funded project extension ($85,000) through March 51, 1979

of NCSU's research work on soils as currently approved and spelled out
in the existing contract. Second is a nine-month funded project exten-
sion from April 1, 1979 through December 31, 1979 ($355,000 approx.
costs) of HCSU's soils activities which would be specifically adapted
and appiied for direct support of future Peru and Bolivia USAID's funded
projects/programs which hopefully will in effect by January 1, 1980.

The scope of work for the nine month DS/AGR funded adaptation and appli-
cation extension will be developed for, and spelled out in, a separate
action to be submitted for your approval in early January 1979.



A. Project Summary

1. Statistical

Project Title:

(a-e

- New or Extension:

Contractor:

Principal
~ Investigator:

Duration:

Total Estimated
Cost:

Project Manager:

2. Narrative

PROJECT STATEMENT (?\
| o 310525 ®

PD - AAC- 887

Agronomic-Economic Research on Tropical ?Eﬁ]s
Extension

Soil Science Department :
North Carolina State University
P.0. Box 5907

Raleigh, North Carolina 27607

Dr. Pedro Sanchez

Current RAC authorization - June 30, "1972

_ to June 30, 1975

Interim review by RAC - December 3, 1973

Proposed extension - June 30, 1975 to
June 30, 1978

Through Jdune 30, 1975 $1,226,337
Current Year FY 1975 524,873
FY 1976 . 552,092 °

FY 1977 582,646 '

| 7Y 7
Estimated 3 year total $1,659,611

_Cumu]ative total $2,885,948

e

r

John L. Malcolm

Work on this project has been divided into two phases. First,.
an assessment of pertinent work was summarized in a Review of '

and Spanish. Second, based on the éssessment._and-opportunities

Soil Research in Tropical Latin America, published in both Englisﬁ;y

' for constructive cooperation, field work was begun._in three /,
areas: on the Oxisols of the Campo Cerrado of Brazil, on the
Ultisols of the Arazon jungle at Yurimaguas, Peru and on Andosols
in Central America,-- Guatemala, E1 Salvador, and Costa Rica.
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Con_t,t:QL_of;,,act.,ive,u._a'lU_.m_'in,!!ﬂl,is clearly the key to managing

‘the soils of the Campo Cerrado. The multiple jnteractions

among crops;'safTS“and treatments have been demons@rated. Lim-
fng at low rates with deep incorporation was §uper1or.to fopt1mum"
rates restricted to the plowed layer. Lime w]thout zinc induced
"sinc deficiency. Phosphates vere most effective vhen part was
broadcast and part banded. Deep 1iming germ1tted roots to
penetrate using both soil water and nutrients more efficiently.

In the Amazon jung]e'traditional slash and burn gave better
results than mechanical clearing, was more economical and fitted
the resources of small farmers. Wwith slash and burn rqinfa]]
infiltration rates were higher, nitrification more rapid ard
nutrient recovery better. Even at the highast rates of fertilizer
application, yields on bulldozed plots did not reach those

cleared by the traditional method after three crops.

In Central America.multiple cropping received principal
attention. Highest total food production per acre per year
was obtained by mixed cropping but crop, variety, timing and
management were al11 critical. The use of forage sorghum vor vin-
ter teed was demonstrated in E1l Salvador and is being actively
nromoted by the extensicn service there.

: . Economic analysis of accumulated fertilizer trial data showed
_the value of a simple plot of responses and basing recommendation
on a simplified soil classification system. With this technique

no complex calculations are required.

Throughout, this project has cooperated actively with other
universities, especially Cornell at Brasilia, host government
jnstitutioas, CATIE at Turrialba, Costa Rica and the international
agrjcu]tura] research centers,, notably CIAT, CIP and CIMHYT.

This project was reviewed on October 23, 1974. Technical
progress has been highly satisfactory and the commitment of the
North Carolina faculty far exceeds the budgeted time. The in-
volvement of foreign nationals in research on problems of the
developing countries was recognized as a particular contribution
toward AID's longterm objectives. Twenty-five graduate students,
representing 14 countries have taken part in the research so far.

Nine have served for extended periods in Brazil or Peru.

Extension of the project for at least another fhree years
js critical. The residual effects of liming and fertilizer appli-
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cations should be measured. The interactions of soil and trea
ment must be studied further. New work ‘in new areas will only
delay these answers. HMore economical ways to achieve similar’
results must be found now that the potential of these soils ha
been demonstrated. Finally, test demonstrations are needed tc
transfer the best technology from experiments 10 field scale

farming. This utilization promotion effort will constitute ti

third phase.
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B. EXPANDLD MARRATIVE AND BUDGET .
1. BACKGROUKD

1.1 Introduction

The ability of the world to feed its human population has been a
major concern during the past two hundred years. The recent'successes
fn increasing wheat and rice production during the late sixties provided
the impression that vorld food production could increase at the sane
rate as population. The current energy and fertilizers shortage has
dispelled this cautious optimism and once more the need to increase
world food production at a faster rate.than population growth is a top
‘concern of nankind.A

Plants grow on soils. Therefore, the f1°1d of so11 sc1ence has
played and win cont1nue to p]ay a cr1t1ca1 ro]e in increasing uor]d
food product1on.' It has been well established that the greatest poten-
tial for increasing wor]d food'production.lies in vast regions of the
tropics..- Tropical agriculture devaloped first on soils with high
" native fertility, wost]y in alluvial p]alns, both in coastal and.inland
areas Examples of. these are the r1ce bou]s of Southeast As1a the
Central Plateau of Mexico, the Cauca and Mantaro Valleys of the Andes,
thevEthiopian highlands, etc. The impact of the “grcen revolution“ %s
wh1ch are 1rr1qated

Agr1cu1tura] development in the temperate reg1on 1n1tra11y fol-
lowed the same pattern oF settling on high base status so1ls Hhen
farners ran out of such soils, they started farm1ng low-base status
soxls. llke those of southeastern United States, with fcrt1]1zatlon
~and 11m1ng The extent of a srmllar pattern in the tropics is limited

to small areas, like southern Braz11 Only about 10 of the tropics
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fgproximately 503 mil.ion hectares) are presently un bultiVation.
' iy

st of it on high base status soils. The President's Science Advisory

@hmmittee estimated that an additional 1200 million hectares are poten-
tially arable in the tropics. These presently unused or underutilized
areas consist of highly weathered Oxisols and Ultisols presently under
rainforest or savanna vegetation. It is widely acknowledged that one

of the main limiting factors preventing full- scale agricultural develop-
ment in these~n_gjons 15 the 1Qageguatevhhow1edge of how. to. manage these
highly weathered soils under ra1nforest or savanna vegetatmon The
development of so1] management systems in these regions should be based
on an understanding of what farmers_are presently doing, and be aimed at
'ihproving‘the brééent'systems-with-practices:such as ferti]izatioh_anq
_\iming which require the hinimum inputs due to high cost of materials
and its transportation.

To a lesser degree, food production can be jncreased in presentiy
highly populated areas characterized by 1ntercropped subsistence agri-
culture. Farmers in h11]y volcanic areas have grown more than one crop
‘at a time for centuries ' The fert111ty management of 1ntercrqpped
systens has been virtually ignored by so11 sc1ent1sts unfi] very re-
cent]y. Most of the thrust of 1mprov1ng sma]] s1zed farm1ng systems
are related to high base status soils and monocultures such as paddy
rice. An improvement of the productivity of intercropped systems should
result in a marked increase in the well- be1ng of such farm commun1t1es
and increases in food prodiction to local markets.

From its beginning, the Soil Science Department of Horth Carolina

State University has been involved in program related to studies of soil-



-3

cal regions. Noteworthy among these are its graduate program,
as trained many tropical soil scientists who now occupy key

ﬁiship positions in their countries, the Agricultural Mission to

§ the 211(d) Institutional Deve]opment Grant Program and the Inter-

o
'tional Soil Fertility Evaluation and Improvement Program (ISFEIP).

the latter program developed soil testing laboratories in several

')'.

écountrIes, it became apparent that add1t1ona1 constraints needing
research answers were required. The present Tropical Soils Research
fProgram was established to answer such a need.

1.2 Program History

The Techn1ca1 Ass1stance Bureau of AID organized a concerted attack“
on so]v1ng the previously mentioned so11 management constraints in the
trop1cs by awarding two research contracts to Cornell and North Carolina
State Universities. Contract AID/csd 2806 was awarded to North Caro]1na
State Un1vers1ty on July 1, 1970 for a five year. period. . The project
objectives were "to deve]op methodo’ogy for an ecenomically sound system
of maklng fert111zer reconﬂenoat1ons based. on-information-gained from
vsoTJ anaiys1s fert1]12er response, 501] .chemistry and.soil fertility
data pr1mar11y from Latln America for deweioprng countr1e5'1n .tropical
reg1ons". The work plan consrsted of two phases..- Phase I involved a
rev1ew and analysis of present know]edge. Jdent1f1cat1on of priority
research probiehs.and deve]opnent of a research strategy to solve"these
prob]ems Phase I con515ted of- generatIng the -needed 1nformat1on from
field and laboratory stud1es and dev151ng_neans for-extrapolat1ng ‘the
results to other areas WIth similar ecolochaJ conditions

The obJectlves of Phase I were achieved in the first two years. A

Comprehen51ve review of the literature and other sources was prepared by
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roject staff and puolished in English and Spanish as "A Review of

: 5 Research in Tropical Latin America”. Travel to several countries
"'etermine potential areas for field research and cooperation of
'jt}onal and international research institutions took place within this
'period As a result of the literature review, travel, suggestions for
1LDC scientists as well as ISFEIP staff, a research strategy developed.
The most crucial research needs not_]ike]y to be solved by other ongoing
projects were to improve food productioh via improved soil management in
the tropical rainforests presently under shifting cultivation, the acid
Oxisol savannas virtually unused, and in the hféh]y_populated highland
areas effected by volcanic activity.' A search fer.representative sites
to conduct the necessary field work was made aind cooperative agreements =
were signed with local research indtitutions in each of the three major
ecological regions.

Field research prograus were initiated in August 1§72 in: 1) Yurima-
guas, Feru.at the Campo Experimental de Yurimaguas of the Ministfy of .
_Agricdl*ure in coOperation with that institut{oﬁ, as a representative
s1te TO; the Amazon Jungle, 2) Brasilia, Brazil at thé Centro de Pesqu1-
sas Agropecuar1as de Brasilta in coooerat1on W1th EMBRAPA (formerly DRPEA)}
ahd ;;Z Corne]] University contruCt as a representat1ve site of the
ac1d.0i1sol savannas and, 3) Throughout Central America with headquarteis
1n éAFIE Turrialba, Costa Rica in cooperat1on with that institution and
the Ministries of Agriculture in Costa Rica, El Salvador and Guatemala.

Campus based activities concentrated on 1) supporting the f1e1d
programs through soil characterization, soil and plant ana]yses for

certain experimental plots, 2) conducting laboratory'and greenhouse

" : . )
research to. answer questions posed by the field problems or-how far the



*.. ould be extrapolated, 3) Econom1c analysis of crop response to
;;lizers and methodology for optimizing recommendations and 4) Develop-
"ésnd testing of a Fert111ty-Capab111ty Classwflcation System as a
‘fns for grouping soils with similar fert111ty problems which could be
tsed as a tool for data extrapolation and 1nterpretat1on.

,.3 Progress to Date

'The.accomplishments Of these activities are described in detail in
the technical Annua]‘Reports.for'IQZI; 19?2 and 1973. The adminjstrattve
“aspects are described'in semiannuat admini;trative reports for the periods

Qf Ju]y 1970 to June 1972 and in annual administrattve reports for
FY-1972-73 and 1973-74.
A summary of such accomplishments follows:
Phase I:
| fhe ég@P!tatlonWQT avaliapie research information for Latin America
was‘published as a "Review ov Soils Research in Tropica] Latin America"

1n Engl1sh and Span1sh Dc.xn1clons of research pr1or1t1es cnd \esearch

strategy WnS acconp11shed aurmng thls per1od Cooperatlve agreements w1th

LDC 1nst1tut1ons_for the initiation of field research were also established
Phase 11:

1) Amazon Jung]e CharaCcerlzatmon stud1es o. the Amazon Jurg]e so11s

. e ———

soz]s of the Amazon Bas1n outs1de o. the geo]og1ca1 1nf1uence of the

Guyana and 8raz111an sh1e]ds Ihese 50115 have management characterlstxcs

quwte dszerent from the 0x1so]s. Phosphorus f1xat1on capac1tj IS much

lower than 1n Oxxsols due to coarser top5011 texture and ditferent m1ner

-th e . -t e . P . - ‘A-- e v

aloqx.”.Exper1mentsjon.land clearing methodsvtn UIKISQ15 LnJXurmmagua;

showed that the'traditional slash and burn practice was superior to



tlearing with a bulldozer. Yields of upland rice, dassava.

‘ﬁd burn systems at severa] ferti]ity Jevels. The fertilizer
-{of the ash, the severe compaction measurod in the bulldozed

‘“’,and the movement of the topsoil by the bulldozer blade are the
fltors thought to be responsible for these differences. Continuous

;‘ it e e

;ropping 1n this jungle U]tisol is fezsible with moderate applications

"

4“
of lime, nitrogen, phosphorus potassium, and in some instances sulfur,

boron, and mo]ybdenum High yields were obtained with upland rice,’

,cassava,aand Panicum maximum pastures. Corn and beans seem to be more

Tsensjtive to pests, aluminum to;icity'and micronutrient deficiencies.
Results_ ito date indicate that the economics of continuous crop production
:in:these shifting cultivation areas will depend largely on the transpor-

tation costs of fertilizers and lime.

‘ 2) Acid Savannas. Studies in_the Campo Cerrado of Brazi] indicate that

e

_the mana qement of these Oxicols is primarily a matter of fertility and

subSOil nOisture 1nteractions Liming to raise the pH to 5. 5 in th° top

30 cm of ‘the 5011 increased corn yie]ds and decreased moisture stress
\

ouring critical short-term droughts that occur during the rainy season.

0n1y a. moderate rate of 2 tons/ha when incorporated in the top 30 cm was

———— e e =

.necessary. to produce high corn yields in the first two crops. The

estimated 1nvestment 1n 1ime, about u. s. $20/ha is less than preViously

f-‘v

acid soils

Although app]ications of nitrogen, potassium, and zinc are also

_necessary, the amounts required are also w1thin the economic range. The

2.z il 1

_Mmanagement - of phosphorus. however,_.s the primary fertility problem due



\
Femely high ph. shorus fixation capacity of the.e Oxisols.

U

. ;éed Latosol" on which the experiments'weie conducted requifes
yilent of about 2800 kg P205/ha to provide the desired amount
uﬁ%orus in the soil solution. Broadcast applications were superior
_“haed applications during the first rainy season crop because they
‘;Bted'more root development which in turnattenuated the effects of
.grt-term.droughts. In the subsequeﬁt irrigated dry season crop,

A nded applications were superior. These results suggest that a cor-
frective level of broadcést phosphorus supplemented by banded appiications
yith each crop ma& be the best_management scheme. The high'cost of
such'phosphorus applications using ordinary superphosphate'raises serious
economic'questions. Other sources such as rock phosphates plus ammend-
.ments deéigned to decrease fixation such as silicates are being evaluated.

Outreach Studies on the pfoperties and disir%butioh of'Cémpo Cerradd

soils indicate a rgmarkab]e vnifofmity in terms of Tow fertility, and

4
/

point _out the areas where different resulis might be expected due to
soil or climatic properties.

3)3teﬁtra] American Highlands. A fertilization program for intensive forage
\

sorghumﬂproductkon during the rainy season in northern E1 Salvador became
:a‘sihﬁle\églution‘for counteractiﬁg thé severe wéight losses of dairy
'caitlé'dur%ng the déy season. Heavily fertilized forage sorghum is pre-
served in.%nexpensive trench silos and used as the principal source of food
during the dry season.

'Experiﬁents with upland rice fertilization in Costa Rica indicate
that ‘the iﬁorganic n{trogen content in the profile at planting time was
related to the type nitrogen resﬁonse observed. Under these conditions,

sulfur-coated urea was not superior to conventional sources.



ort was placed on the fertility-related aspects o1 multiple

), systems for small farms on soils affected by vo\canic ash.

;l experiments are underway in 1dent1fying how to manage ferti-

(&

er applications when more than one crop is grown at the same time.

‘;reenhouse exper1ments 1nd1cate that a large proportion of Costa ~ican
soi]s are deficient in su]rur. Initial studies are also underway aimed
at el1m1nat1ng copper tox1c1ty to rice 1n lands formerly operated as
banana plantations. |

4) Reg1on-wwde Extrapolative Stud1es Substantial progress was made

in the deve]opnent of a fert111ty ~capability soil class1f1cat1on system
whwch .groups soil havwng similar fertility management 1imitations. The
f1rst formal ver51on of th1s system vas prepared for presentation at the
Trop1ca1 50115 Seminar held 1n Columbia in February, 1974. Initial
assessnent of the system in a wor]d-w1de, country-wide, and county
sample showed tha’ large numbers of soil mapping units can be grouped in
2. sma]] number of fcrt111ty—capab111uy units. For example, most of the
3678 sc1] pro.11es descr1bed jn the soil survey reporis of Brazil could

_f' —— e

be grouped into 23 fEFtlT*ty capab111ty units. A1l the 145 mapping “units

-

:oﬁ:the}so1] survey of Wake County, NGrth Carolina, were grouped into
215 _units.

Prel1m1nary eva]uatlon of this system was made using a series of
.potato fert1]1zat1on experlments prev1ous]y conducted in the Sierra of
Peru, A]] 73 s1tes cou]d be grouped into five fertility- capab111ty units

:and each group produced a d1fferent response to phosphorus app]1cat1ons.

_Nhen fert1112er recommendat1ons ‘were made by each group, the economic

returns to fert1llzat1on 1ncreased dramat1ca1]y It was also found that:

‘»u

this c]assw.1catlon system supp]ements positively soil test.criteria.



ence of its v julness in other areas and pos “le.modi-

gre being investigated.

é&onomists refined their concept of profit prediction cri-
‘nd applied it to various models used in the analys1s of corn
ce fertilizer responses in Costa Rlca and corn in Minas Gerais,

£
il1. The graphic lirear response and plateau model proposed by

g
.h. Cate, and Nelson gave the best recommendations without the use
Ea computer or complex calculations. Soil test.information appeared
AB be of no value Qhen incorporated as Cate-Nelson critical 1evels.
f%nto the linear response and plateau or in the general quadratic model
'%or the Minas Gerais corn data. Thevuse of soil tésts in Both models

was useful in increasing'the profitability of corn response in the

Costa Rica data.

Additional research projects were conducted throughout the region
to supp]emenf the data from priorify areas and/or. tu investigate at |
Hepth some criticai issues. Soil characterization studies in relétion
tollandscabe pcsition were initiated in an Ox15o0l1-Ultisol area in
westérn Sao Pau]o, Brazil, in an Andept area in central Costa Rica, in
;he L]énos Orientales of Colombia and in the Maracaibo'Basin of Vene-
zué]a.

Laboratory and greenhouse studies have shown that the Time-phosphorus
interactions in certain Oxisols of Panama reflect fhe field observations
in Brasilia. Low soil phosphorus availability is believed to be the
principal factor responsible for the low rates of organic mafter '
bineralization in Andepts from Colombia. Diffusion was identified as

a maJor factor accountlng for the 1ncreased ava1]ab1]1ty of phosphorus

in flooded rice soils in India and Peru. The potass1um release proper-



f certain Ulta_:ls from Guyana. confirm the ex ‘ence bf a strong

.'_se of non-exchangeable sources of potassium. More cqmp1icated
f testing methods than the dilute double asid extractant were not
cessary for estimeting available potassium in these soils and in
Lheir North Carolina counterparts.

Special emphasis has been made in disseminating these results
as qu1ck1y as feasible to about 450 tropical soil scientists, insti-
tutions, and libraries throughout the world. The first edition of
fhe "Review of Soils Research in Troﬁical Latin America” was.quickIy
eghausted. A second English prainting ard a,Spanish version were made
in order to satisfy the demand.

1.4 Present Status and Qutlook

Considerable progress has been made in atfaining the contract's
objectives. The Phase 1 activities wnich defined the "State of the
Art", spec1f1ed pr1or1t1es and formulated the research strategy have
been sat1s.actar1lj compieted. Its impact on present reseurch vas
greater than‘anticipated because of the wide use of the pub]icatios
“by many individuals and institutions throughout the world.

Many of the research activities included in Phase iI'require long
term research for.adequate completion. No economically sound recommen-
datlons can be made for the managcment of trop1ca1 soils based on two
years of field results. The basic issues on how to develop continuous
.cropping in jungle areas under shifting cu]tivation, how to economically
apply phosﬁhorus, 1ime and micronutrients to.savanna Oxisols, and how
to apply fertilizers in intercropping systems require the evaluation of

residual 2ffects and the 1n1t1at1on of other exper1ments.

Certain research prOJects of thxs contract have besen satisfactorily
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. They include the micronutrient survey in Guatemala, the

. W
Q.

jiof Cerrado soil propertles in Brazil, the effects Qf land

hgng methods in Peru, forage sorghum fert1112at1on in E1 Salvador

. up]and rice fertilization in Costa Rica. They have either been’
yihjhated or have been transferred to local institutions for follow-up
Etivities.

During the last two years, both North Carolina State University
and the Technica1~Assistance Bureau have recognized the necessity of
formulat1ng more spec1f1c obJect1ves for th1s contract, since the
ar191na1 obJect1ve cannot be quant1f1ed obJect1ve1y and does not

spec1fy indicators for its sat1sfactory ccmp]et1on

Cons*der1ng that three years of f1e1d research is insufficient
for nak1ng f1r conclus1ons, and the sat1s.actory perforwance of the
| contract, the Scil Science Department of Narth Ca. glina State Univer-
sity requests thit this contract be revised for an additional three
yearc W]Lh more speczr1c.ty in i*s objectives and end-of-prcject
indlcators This prOJected ex ens1on does not 1mp1y that all objec-

't1ves can be ach1eved 1n three add1t1ona1 years because of the long

term ;ature ot certa1n spec1f1c proaects

-In the following proposa] a third phase of the program is pro-
tposed'ﬁ.Phase I11 would 1nvo]ve extropolcttve research in other areas -
to ver1fy whether or not the resu]ts obta1ned at spec1f1c representatlve
locat1ons can be extrapo]ated to othor trop1ca1 reg1ons with s1n11ar

ecolog1ca1 cond1t1ons and the degree of 1oca] adaustments needed.
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ective 3): To develop a package of economica)ly—sound soil and -
lizer management practices for jncreasing food production in sub-
itence'iefercropped systems small farming operations in highland areas
;ffected by volcanic activity. The result of such a set of recommenda-
tlons. when applied at the farm level would be to markedly increase the
productivity of intercropped systems and the well-being of such farmers.

ObJect1ve 4): To develop means for interpreting and extrapolating

the products of Objectives 1 to 3 to other areas via economic inter-
pretat'ons additional greenhouse and laboratory work on campus and
through cooperative field trials in other areas. The result of such
studies would be the verification (or lack of) of the extrapolab111ty of

data from intensive study sites to other jungle and savanna or inter-

cropped volcanic areas.



3. SIGNIFJCANCE AND RATIONALE OF RESEARCH

Significance

The ‘need for increasing world food production and improving the
quality of life of the poor farmers has been recognized by AID and other
donors as a major one. The fact that the greatest pﬁtentia] for in-
creasing world food production lie in vast underdeveloped regions in the
-tropics is also well recognized. The fact that man's knowledge on how
to fertilize and manage such tropical soils is very.1imited is also well
recognized throughout the worid. Direct adapfation of the basic prin-
,éip]es of soil science deveioped {ﬁ non-g]aciated temperate regions to
‘tropical soils is possible. Direct adaptation of soil fertility and
management pfactices deveidpéd in'thertémﬁegate reg§6h§4ié seldom pos-
sible because of the drastica]1y different c11matih economic and sbcia]
constraints. Improvement in soil management practices for these regibns
must draw both frém the basic principles of soil ﬁcience (Tor example,
the chemistry of exchangeable aluminum) and from an understanding of the
tfadi;iona] tropical soil management systems Qgg;Eg. Due to the higp
costs‘Qf outside fnpﬁts such as fertilizers, lime, pestié%des and in
many.cages farm machinery, the strategy for increasing soil production
should b; aimed ai determininé the minimum levels of inputs needed for
adequate-yields rather than the optimum levé]s needed for maximum
yields. !

The recent successes of the "green revolution" programs are
Jimited to the smaf] minority of the,trgpics with soi]; of high'native

‘feftility and often available irrigation. Before the impact of the new

improved varieties can be felt on these vast tropical areas, much more
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#dge of how to manage these basically infertile, uairrigated humid

cal soils is needed.

 ‘The three tropical regions on which this research contract focuses

pVer a large proportion of fﬂe tropics. Tropical rainforests cover

:;pproximately 30% of the tropical land mass. The largest areas are in

;,the Amazon and Congo Basins and in the hill country of Southeast Asia.
,A large proportion of the tropical rainforests havé similar soil pro-
perties and réinfal] regime to fha; found in the Yurimaguas Station.
.Tropical savannas with acid sbi]s such as those of Brasilia cover approx-
imately 31 percent‘of the tropical ]aﬁd mass. The lgrgest areas are in
the Cerrado énd Llanos of South America as we]].as-in central and eastern
Africa surrounding the Congo Basin. 'The areal - extént of subsistence
iﬁtercropping_ti]]age in“volcanic areas {5 difficult to estimate. It is
brbpabl& less than 5% of the tropics, but the numpers of peop]e.inQo]ved
is substanfia]]x ]arger. In addition to the Central American highlands,
similar:conditions exist in parts of Indohesia.ahd the Philippines and

in the Rift Valley of Africa.

3.2, State of the Art

\{)* Although research on shifting cu]tiyation has been'cpndﬂcted for
many yEars in Africa, particularly 'Belgiaﬁ, Frencﬁ and British
scientists in colonial days, no specific recommendations on how to trans-
form these systems into continuous cropping when pqpu]atién‘pressures
increase ﬁave been dgve]oped. Wnen this question was asked Fo African
scientists at a meeting on Tropical Soils Réséarch in Ibadan, Nigeria in
1972. none present could say that they had a set pf baékages which they

could recommend to solve this prob]eﬁ.' Sinée 1971, IITA's Farming

*These numerals refer to the objectives stated in section 2. .



'Program has b 1 attacking this problem in a "stematic fashion

'sonaI forested areas with high base status Alf1sols. To our know-

e, the only other ongo1ng systematic soils research program on

.;;ting cultivation is this Yurlmaguas project. It is also the only

'ﬁe working.on acid soils and the only one in the Amazon basin. The

‘available knowledge on 5011 management under shifting cultivation was

gsummar1zed as a chapter in the "Review of Soils Research in Tropical
Latin America". Since then significant progress has been made by the
IITA and Yurimaguas projects. - Neither one is yet advanced enougn to
provide an answer to Objective 1}

2) The'management of acid savanna Oxisols is primarily a matter of
determ1n1ng economic appllcat1on rates of phosphorus, llme, other
nutrients and 1ts 1nteract10ns with moisture stress A large body of
research information has accumulated particularly in the ccuthern part
of the Brazilian Cerrado, the Llanos Orientales of Colombia and parts of
Africa. The availzhle knowledge was summarized in various chapters of
the "Review of Soils Research in Tropical Latin Ameriea" dealing with
the individual nutrient problems. A comprehensive review of'soi] |
fert1]1ty ‘research 1n the Campo Cerrado appears in Alfredo Lopes
thes1s Severa] papers presented at the Seminar on Soil Management and
the Deve]opment Process in Trop1ca1 America and in the Simposio sobre
Suelos de Szbana, pub]1shed by Prairie View A & M University have a]so
added further knowledge. Most of the African research on t;opical.
savannas relate to high base status’ soils, particularly in’west Africa
and Kenya. Most of the knowledge gathered is limited to short-term ex-

periments with perhaps one or two harvests. Such data is unsuitable for

determining the residual effects of lime, phosphorus and micronutrient
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tions required for an adequate economic interpretav.on. Although

t. .
are many grganizations with ongoing soils' research, in acid tropical

ﬁhas; two. other programs have.produced significant advences: CIAT's
:;ities in Carimagua on the selection of varieties and species tole-
2 to acid soil conditions and Dr. Dobereiner's group in Brazil
;rking on nitrogen fixation in tropical grasses. The present knowledge
on th1s subject, including the results of the joint Corne]] NCSU project
in Brasilia is insufficient to prov1de an answer to Objective No. 2.

3) Very little is presently kgown on how to manage soiis and ferti-
. Yizer applications in intercropped'systems. This is undoubtedly one of
our7greatest gaps in tropical soil science. Attention to this subjecf-
was sparked by Bradfield's work on multiple cropping in IRRI. His
Jresults, however are limited to systems which‘invo1ve growing flooded
rice dur1ng the rainy season. A description of the various systems in
pract1ce was summarized by Dalrymple in a "Survey of Multiple Cropping
in Less.Deve]cped Nations". A bibliogirephy on the subject was pub]1sheg,
by Tu rialba early this year Ongoing vork at IRRI under the direction
of R1chard Harwood, at Turrialba by our staf? and CATIE, in Yur1maguas
and in northern Nigeria is beginning to prov1de good leads. The state
of the art of the third objective is way ‘behind the other objectives.

4) Considerable progress has been nade in the art of deve]op1ng a
sound meehgdo1ogy for interpreting and extrapolating soil fert1]1ty and
management research results te other areas. The methods developed by
the International Soil Fertility Evaluation and Improvement Program .
(Cate-Ne]son graphs, Linear Plateau and Response Model) have con51der—
ably s1mp]1f1ed the process of making fert111zer recommendations based

on field data. . Such techniques do ‘not require complicated ecohom1c and
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Jtical analysis and recommendations can be arrived at without the
.;‘ computer. An economic evaluation of these.techniques in com-
'vébn with the classic quadratic equations, conducted as part of ‘this
;arch contract, showed no differences in profitability between the
. methodologies.

Prior to the initiation of this contract, no systematic procedures
weré available to extrapolate field fertility data froh one region to
the other. Natural soil classification systems, including the new U. 'S.
Soil Taxonomy, does not provide fdé.such groupings because they focus on
subsoil parameters and essentia]]y:ignoré the plowed layer where most of
the ferfi]ity interactions take place. The Fefti]ity Cababi]it¥.p1a551-
~fication System, déve]oped under'this'cbntract;'was'designeq:tG'éfoup
soils witp.common ferti]ity—manégément prbb]ems. It.béys the desired
attention to topsoil properties without ignoring important subsoil para-
meters. Its initial evaluation shbws substantial prbmise bﬁt also the
necd Tor some modification of the original scheme. In the extrapo]atiqn~
proééss additional soil characteristic data is needed, as well as certain
Tabor;tory.and éreenhouse procedures.' Cohsiderab]e progress has been~
made inKQharacterizing ﬁoi]s in our areas of emphasis, but more work is

needed paFticu]ar]y when extrapolation-type field resea: :h requests come

in from the LDC's.



4. PLANS TO COORDINATE AND LINK RESEARCH

*Since its inception, all activities conducted by this contract are
al cooperative projects be;ﬁeeh this University and one or more ins-
tutions from developing countries, internétional institutions or members

of the Tropical Soils Consortium. The 1973 Technica] Annual Report shows
that the number of actual ;ooperators‘exceeds the numbers of North
Carolina State University employees working on the program. These coope-
rators are involved in the p]annjng, execution, reporting and dissemina-
tion phases‘of the research activities in various degree. A Targe propor-
"tion of ‘the activities supporting Objective 4 %nvo]ve‘the cooperatipn and
part1a1 financial support of several other 1nst1tut1ons Iﬁ addition to
these phys1ca1 ]1n<ages severa] d1scuss1ons are present]y in progress to
‘establish cooperative field extrapo]ation sites with other institutions.
Severa] requests have been received in this regards Meaningful contacts
w1th other individuals and 1nst1tuu1on° not 1nVOIV1ng cooperat1ve research
have been established through publication exchanges, visits to the fie]d
sxtes and to campus and participation in many converences and sympos1a
throughout the world.
4.1 Other AID A;t1v1t1es and Networks .

Nitﬁin the Soil Science Department activities of this research
contract are closely coordinated with the two other'AID~sp§nsorpd pro-
grams: the 211(d) Instjtutiona] Development Grant and the International
Soi) Ferti]ity Evaluation and Improvement ﬁrogram (Contract.la 646). The
same individual serves as project leader for Contract csd/22806 andfthe
211(d) grant.

North Carolina State University is a member of the Tropical Soils



ium sponsored by the 2ll(d) grants. In add1t1on to strong work1ng

ages within the Consortium members, plans are also underway to
malize the network on tropical soils research already in existence.
.]ose coordination exist with TAB/AGR in AID Washington, the USAID Missions
dn Peru, Brazil and Central America, CUSUSWASH and TVA's AID supported
activities.

4.2 LDC Activities

1) Research work in Peru is a Jo1nt prOJect with the Direccion
aeneral de Investlgac1ones Agropecuar1as of the H1n1stry of Agr1cu]ture
The Internatwona] Potato Center in Lima provides administrative and
log1st1ca1 support. Several institutions such as CIAT, IITA CATIE the
Purdue Sorghum Project and others have prov1ded germplasm for test1ng in
Yurimaguas. Requests for extrapolative hork to other areas of the jungle
have been received from the following institutions: the Unirersidad Na-
cional Agraria de La Molina for work in Iquitos and Pucallpa, Peru. The
Universidade Federzl Rural do Estado de Rio de Janeiro Tor cooper etive
work 1n the1r Rondon Progect in Amapa, at che eastern end of the A Amazon
Jung]e, INIAP in Ecuador, and ICA and CIAT in Colombia. Through visits
to mutual field sites strong contacts exist with the IITA Farm1ng Syscems
wProgram in N1ger1a C]ose contact in also expected with the proposed
Cornell project in Ghana. NCSU personnel have participated in po]1cy
decws1ons regarding the development of the Jjungle o7 Peru and have been
1nv1ted to present the results of this project to pollcy maklng groups
of the Amazon countries Humid Tropics Prograns sponsored by IICA.

2) Research work in Brazil is a joint project with _the Cornell
Un1ver51ty research contract and the Enpresa Brasileira de Pesquisas

Agropecuzrias (EMBRAPA). The USAID Mission provides logistical and



trative support. Close linkages and seed interchanye exist with

'IAT Llanos Orientales Project, and with other éMBRAPA-USAID national
ity programs. A request for extrapolation of results have been
geceived from EMBRAPA for the entire Cerrado of Brazil. Also CIAT and

he Ministry of Agriculture of the Dominican Republic are interested in

3

cooperative work. Contract staff have participated in policy decisions

regarding the development of the Campo Cerrado of Brazil.

3) Research work in Central America is conducted in close coopera-
tion with CATIE, the Ministries 6f,Agricu1ture of Costa Rica and E1 Sal-
vador, CENTA and the U. S. Peace Corps. CATIE provides administrative
and logiétical support at its Turrialba headquarters. Requests for |
- future research in the soil aspécts‘bf'interébppihg'aﬁé'Uddér'éoﬁéidefai
.tién.

.4) Agronomic-economic interpretations on extrapolation studies have
Been.conducted in.gooperation Withvthe following institutions:

Instituto Geografico Agustin Codazzi-CIAT (Colombia)
Instituto Colombizne Agropecuario {Coicmbia)
- CIAT (Colombia)
Ministerio de Agricultura y Ganaderia (Panama)
Ministerio de Agricultura y Ganaderia (Costa Rica)
Ministerio de Agricultura y Ganaderia now ICTA (Guatemala)
CATIE" (Costa Rica)
-Universidad de Costa Rica
Universidad Nacional Agraria (Perd)
*Ministerio de Agricultura (Peri)
Oficina Nacional de Evaluacion de Recursos Naturales (Peru)
Instituto Agronomico de Campinas (Brazil) '
Universidad Federal de Vicosa (Brazil)
Centro de Pesquisas Pedologicas (Brazil)
EMBRAPA (Brazil) )
Ministerio de Obras Publicas (Venezuela)
Ministry of Agriculture (Guyana)

4.3 Other.donors

The Rockefeller and Ford Foundation and FAo_have sponsored graduate

students who participate in the research program related -to-this contract.
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{d travel grants or consultantships from thrse sources have in-
t

y served to further the contract objectives.
ontract Dr. R. K. Perrin has taken

pue to his involvement in this ¢

;"a leave of absence to join the CIMMYT staff in Mexico and conduct

similar agronomic-economic research.
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5. PLANS TO FACILITATE UTILIZATION OF RESULTS

A research contract of this nature should be ultimately judged by

fhe degree of farmer adoption of the research results. Although the
.dellvery of these results to farmers is beyond the scope of the contract,
substantial efforts will be directed towards the dissemination and
utilization of these results.

The strategy of dissemination.wi]l continue as present: To publish
as qu1ck]y as p0551b1e nev 51gn1f1cant research resu]ts, first in the
Techn1ca] Annual Reports and when appropriate in scientific articles.
Significant resu]ts w111 be pub]1shed in English and Spanish. This
information will be then d1str1buted to rec1p1ents in our mailing list
and also to additional personnel by the cooperating institutions in their
country.

In addition, it is proposed that a third phase in the vork plan of
the contract be initiated. Phase III would consist of estab115h1rg
cooperat1ve agreements with other institutions to conduct cpplied-type
f1e1d reseurch in other areas in order to test the degree of extrapo]at1on
possible w1th1n the three eco]og1ca1 regions. As previously ment1oned .
requests for such work has been received from several other countr1es If
'1mp]emented Phase III would in effect establish a small’ research network
specifically concerned with the objectives of this contract. Figure 1

shows the potential sites for Phase 111 operations.
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results under discussion.’ :



6. MANAGEMENT CONSIDERATIONS

'ike any other act1v1ty of the Soil Science Department, Dr. C B.
nts. the Department Head 1is respons1b1e for this research contract.
fe operational and technical aspects of the programs are under the

/]

lirection of Dr. Pedro A. Sanchez, the tropical sbils project leader.

4
'S

‘Dr. ‘Sanchez soordinates the activities of the NCSU staif members in

campus and overseas. He is also responsible for the 211(d) grant programs
and 1inkages with developing country cooperating.institutions.
Experlence in the past suggests strongly that a blanket country

clearance to travel to Latin America countries 1s essential for the func-
' tioning of this”contract The fo]]ow1ng facu]ty who travel frequently
_overseas under this contract require such c]earances. C B McCahts P
“A. Sanchez, S. W. Buol, E. J. Kamprath, R. E. McCollum, G. S. Miner, R.

K. Perrin, F. R. Cox, M. A. Granger, G. C. Naderman,.dr. Approval of
this reduest dOES/;Ot viaive the responsibility of fnforming the USAID
,'h1551ons of their trave] plans.

‘Swnce a large part of the field operations are, joint with local.

1nst1tut1ons, appropriate non-AID funding of such institutions is cruc1a]'

\
for the f1e1d operations. In Brasilia,.continuation of the Cornell

contract activities is considered essential.



TECHNICAL REVIEW

Objective 1: No adequate'information‘exists on the changes in pH,

M., N, Ca, Mg, K. A1, available P and micronutrients of jﬁnQIe Ultisols
é quantify the fertility depletion process and ways to correct it. Such
la.gap can properly be filled only with the continuation of.the continuous

cropping experiment. The need for determining specific fertilizer

and lime requirements for each major crop or pasture needs to be fulfilled.

The final phase would be to put the ent1re 1nformat1on into actual model

farms. ASSIStance from other a“eas part1cu]arlj pasture evaluation
through animal nutrition is needed.

Objective 2: The question on how to economically apply P to these
soils remain in the main limfting tactor. The strategy of evaluating
ioné’term fesiduel effects of rates and'pfacement; reduce fixation by
lime, silicate and rock phosphate applications and select varieties and
specmes to]erant to low levels of available P is appropr1ate The
res1dl ] Eff€CLS of lime, micronutrients and cther amendments are also
neaded. Putting a "package" together would be the final stage of this

.;esearch.

Objective 3: This is almost virgin territory. The movement of

nutf?ents in the!profi]e, its relative uptake by two root systems, their
-reIat%ve distribution in reiation t2 rates, sources, t%ming and place-
ment of the fertilizers needs to ‘be quantified through the research
proposed

Objective 4: The Fertility-Capability Clussification System Tooks
promising but eequires further evaiuation. Supplementary sail charac-

terization work, greenhouse and laboratory and economic-research is —

essential to backstop the project adequately.



)
8. FnJJECT DESIGN AND METHODS

specific 1ist of research projects are outlined on Tabie.l as a.

s for accomplishing the research objectives.' Each activity involves
 or severa) experiments. The starting dates, "milestones" and expecte:
ompletion appear in Table 1. The narrative of each activity follows.
/hctivities under each objective are interdependent.‘ Additional activi-
{ties wight be identified in the course of research as needed for accom-
plishing the objectives A certa1n amount of flexibility is needed when
interpreting this tab]e, because research contracts cannot be pianned
with as much precision as the table might imply. Un]ess otherwise
specified field activities are to be condutted_in Yurimaguas, Perq{_fgr
Objective 1, in Brasilia, Brazil for Objective 2, in Central America for
Objective 3 and on campus on Objective 4. ' |

8.1 Objective 1. (As stated in Section 2).

1. Cheracferization of Amazon Jungle Soils. 1% Studies on
.Co]ombien Fmzzon finishad Jenuary 1973. . 2. Field studies on Peruvian
Amazon Jungle comp]eted 3. Detailed soils map of Yurimagdas Station
expected to be completed by September 1975. Further attivities contem-
p]ate3‘1nc1ude ctaracter1zat1on of potential extrapo]at1on s1tes
Requests for cooperation received Trom Pucallpa and Iquitos (Peru),
Ariapa (Bra211), eastern Ecuador. Progect personne] involved in charac-
terization study of soils in the Venezuefa Amazon with financial support

from Venezuelan goverament. Personnei: S. W. Buol, E. J. Tyler. LDC

cooperators: S. T. Benavides, C. Valverde, C. Zamora,. M. Camargo.

*These numbers refer to the "milestones" of Table 1.,



_Tabdble 1.,

TlmetabIe for_cach_research_activity. by objectives..

PRESENT CONTRACT PER1OD

PROPOSED EXTENSION ™

i70

1971--71 1972 1973 1974

197 1976 1977

[*))

1978

F Activity by Objective

.','-
N -

o > O S O -
| : : ] L. 1

Q e

1 l | ! i

Objective 1 ﬁ

. Characterization of Jungle
soils

Slash-and-burn vs mechanized
land clearing

Contnuous cultivation-soil
dynamics .

. Pasture fert1l:2ation.

Multiple -ropp ng- fertilwty
1nteract\an,

Major 'élement iresponse in -
principal crops (rice, soy-
beans, cassava, Dlantalns)

Sulfur and mlcronutrxent
respenses

Potential use of Bayovar rock
phosphate.

Developnient of'é model farm.

. Extrapolation field studies
in other areas.

->

>C

*S Project start . -
‘1 = Significant accompl\shn “nt
‘C 2 Projact concluded

. Deainrt dizennt 1nnnd

T

T.

Transferred to cooperat1ng natxonal

institution; limitec advxsory activities

afterwaxds




.-ﬁeéth of luning and
- residuat effects

. Phospnorus rates, placement
and residua) effects.

Z!n:5rate, ang residual
effocts,

Phosphate scurces -
s licate applications.

varietal and species dif-
ferences in tolerance to
kigh Al and low P -

Distribution of prdperties of
-Cerrado soils.

Chemistry and mineralogy of .
phosptiorus fixation.

- Sulfur, putassipm and mag-
nesium studies. .

Extrapolation field studies
to cther oreas. .

"N
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PRESENT CONYRACT PERIOD

! _ ol 197 1972 ] 1973 | 974
a - - - - - - o " "B ~=» o =» o - o
" - i1 1 ] 2 1 )| B | 3
i '
;l’
A
égé
'Dbgective 3
1. Soil- characterization studies S 31
¢ 2. Macro and micronutrient | ,
, su~vey 1n Guatemala. S 1 >C N
3 3. Llong term P fertilization in : R
. Guatemala S >T
- 4 4. Forage sorghum fertilization A i ‘
El1 Salvado~ S 2 2——1>¢
5. 5. Upland rice fertilization -_
Costa Rica. : S j 1 >T
6. Sulfur deficiencies and ex- | p i '
6. traction methods in Costa ; ;
Rican soils. S : 1- >C
7. 7. Copper toxicity on rice. S e 1—D
8. Multiple cropping systéms-
- gre]iminary work. ) 1l————=>C
9. Nitrogen fertilizer management , .
_ in intercropping systems. S 1 >C
10.  Phosphorus fertilizer manage-
ment ir. intercropping systems S 1-t
1. Sulfur fertility management in
intercrop' ~g systems. . S 14
12. limips -atercropping e-ciems. S 14




et ol - Faos 3 7

" PRESENT CONTRAGT PERIOD

4

1700 ~1977 1972 1973 |. 1974
Ta = ) - o =
] A 1 i 1 1
{bjective 4
11 1. Literature Review (Svtate of _
] the Arti. - S ——e ) 2—=>C
" 2. Economics of Fertilizer T
Response. S 1 2 —>
: 3.-Economic interpretation of
' Field Results. 5 >C
V4. Fertility-Capability Classi-
" -fication. S 1 > C
5. Greenhouse and Laboratory
Studies in Fertility, Chemis-
try, Microbiology. S -3~ 4 7 8—>C
46. Soil charagterization studies. e 20— 3—'4 5 6 7—>C
17. Publication and distribution : .
of_results. 'S 1 2—--3—4 5 6 7—>C




Effects of © .1 clearing methods on soil pro _ctivity. 1. Field
h at Yurimaguas completed. Results show the advantage of the

ional slash and burn system over mechanized land clearing. Report
Feparation. Expected completion December 1975. Personnel: P. A.

hez, C. E. Seubert, C. E. Lopez. LDC collaborators: C. Valverde, M.
ena,

3. Continuous cropping systems and chanqes in soil properties.

tarted August 1972. Expected completion: 10 years.__Experimental design

"cons1sts of four consecutive year]y land clearings with four cropping
systems and fertilization strategies to be tested as a funct1on of age
after clear1ng Changes in soi] properties assoc1ated with fertility
dep]et1on are measured This‘is the centra], long term experinent to

| develop cropping systems. To date, the f1rst three land c]ear1ngs have
“been carried (Milestones 1, 2, 3). The fourth is planned for July 1975.

In add1t1on to yield data collectuon, 1nten51ve soil and p]ant sampling

taken at regu]ar intervals monitors charges with time. Results so far

1nd1cate that continuous cropping is econom1ca11y feasible in these

e Jungle Ultisols and that adequate to excellent yields of up]and rice,

soybeans cassavd and pastures have been obtained with moderate amounts

of fert1]1zers and lime. Personne] P. A. Sanchezs_ce_E-.Seubert, C.

A

."E Lopez H. Villachica, C. Langley. LDC collaborators: C. Valverde,

-M.-Nurena.

" 4. Fertility reou1remerts for pasture product1on in _the Jungle:

—

Two' forage exper1ments w1th Pan1cum nax1mun are eva]uat1ng the nltrogen,

phospnorus and 11me requ1rements,_1nc1ud1ng an eva]uat1on of urea,

sulfur-coated urea and Stylosan*hes4g;yanensms as the source of nitrogen,

superphosphate and severa] rock phosphates 1nc1ud1ng Bayovar rock.
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ults of first 10 months indicate high yield levels with low P and
ates dand a pfomising response of sulfur-coased urea applications
six months. Feeding quality of‘forage determined by nutrient

ysis and in-vitro digestibility in coopsration with she Animal Science
partment. A third experiment comparing méthods of lime and phosphorus |
ncorporation in exhausted pastures was initiated .in 1974. 2. Expected
completion of this phase in the field. An additional phase consisting of
.animal evaluation is needed. Personnel: P. A. Sanchez, C. E. Lopez,'c,
‘langley. LDC coope;ators: C. Valverde.

5. Fertility requirements of multiple cropping system for food

production: This project aims at developing information for the -second
“component of the "model farm": intensive food production for subsistence
purposes'and local marketing. Experiments.in progress in: 1. Inter-
crepping effect on nitrogen fertil%zation X sﬁacing in cornésoyéeans-
cassava intercropping. é. Residue managéﬁeﬁf at different fertility
levé]s‘in corn-soybeans-;assavé intercroppings. 3. Residue management
at different fertility levels in corn-soybeans-}iée sucééssion. 4. Lime
response‘and aepth of 11m1ng in corn-cowpea intercropping and mono-
cultures.‘ﬂs. Fertility requirements for intensive cropp1ng systems
rangmrg fron one to five crops a year. 6. Germplasm 1ntroduct1on‘ and
testing of materials received from CIAT, IITA, CATIE, and other sources.
Preliminary results to date indicate a highly beneficial effect of
%ntorporating Kudzu as green manure on yields and nodulation bf sdybeans.

Personel: M. K. Wade, P. A. Sanchez.

6. Major element responses in principal food crops: Reasponses to

P, K, and lime by upland rice, soybéans, cassava and p]antains.' Tne

purpose is to establish the needed application rates and critical soil



‘!ist levels. Termination of field experiments expected by September
975. Completion of work expected by December 1975. Personnel: 6. .

Miner, D. Anderson.

7. Sulfur and micronutrient requirements: The initial continuous

cropping. experiment demonstrated the existence of sulfur, ooron and
molybdenum deficiencies in these soils. 1. Greenhouse tesis in Raleigh
confirmed these deficiencies and 1dent1f1ed z1nc and copper deficiencies.
Field trials expected to start in March 1975. Data suggests that sulfur
and micronutrient deficiencies might be cruc1d1 limiting factors. If so
their solution with small quant1t1es of inputs transportable at low
costs seems econon1ca11y feas1b1e Personnel’ H..V1]1ach1ca,»P;'A.
Sanchez. LDC collaborators: C. Valverde.

| 8. Potent1a1 use of Bayovar rock phosphates in the Jung]e Peru

is recently beginning to mine huge rock phosphate deposits in Bayovar on
the Coast Its potent1a1 is naturally be11eved to be for acid so1ls,
most of vh1ch are in the jungle. Although Bayovar rock 1s included as-
treatments in certain exper1ments in projects 4 and 5 a systematic
e;eluatlon of its react1v1ty fineness and res1dua] effects is needed to
ascerta1n whether this product could be used effect1ve]y in the Jung]e
Government officials have keen 1nterest and partial financial support has
been obta1ned by Dr. Valverde from MINEROPERU. Pre11m1nary greenhouse
experlments are in progress in Raleigh -and in Lima by counterpart
personne] F1e1d experiments are expected to be p]anted by March 1975.

Personne] H Villachica, G. S. Miner, P. A. Sanchez. LDC co]]éborators

C Va]verde. J. Davelouis, M. Cano.

9. Developing of a "mode] farm" for continuous cropping in the

Amazon: To be started in 1976. A synthesis of al) findings into a model
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based on annual slash and burn of 2 hectares of which 80% would

be in pastures and 20% in 1ntensive mu1t1p1e cropp1ng To be
‘done with actual farmers from the Yur1maguas cooperative. Comp]ete
agronomic and economic records u1]1 be kept of both crop and

animal production. Personnel: To be hired.

10. Extrapolation of Studies
It is proposed that’the third phase of this contract in-

volve a series of f1e1d extrapo]atlon stud1es to‘aoapt the results

a]ready available from the Jungle and savanna stat1ons to other

trop1ca] areas with s1m11ar environmental conditions. The ex-

pected resu]ts of such work wou]d further th1s contract S and
AID's obJect1ves because (1) it would test the degree of extra-
po]at1on possible of the results nd the necessary local modifica-

tions and (2) 1t would encourage dlrect ut11.2at1on by farrers in

other regions.

Unlike previous arrangements deve]oped with LFC's 4in ‘this

contract, no active seek1ng of appropr1ate ]ocat1ons wiTl be

done by NCSU staff. It 1s preferab]e to respond to requests

from LDC 1nst1tut1ons or Ughln m1ss1ons for co]]aborat1on "Only
those institutions that sh'w a h1gh pr1or1ty 1nterest and w11]1ng-
ness to make solid f1nanc1a] and personnel comn1tments on their

part will be cons;dered.
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To date, indications of such an.interest have been received

the following institutions:

1)

2)
3)
a)
5)

- Universidade Federa]e Rural do Estado do Rio de Janeiro,
Amapa, Brazil

INIAP, Ecuacdor

- IVITA, Pucallpa, Peru
- Unfversidad‘Nacional'Agraria La Molina, Peru

- Universidad de_Panama

The following mode of operat1on ls envisioned:

1)

2)

3) 

4)

Selection and eva]uat1on of the sites will be made Jo1nt1y
by HCSU and the host 1nst1tut1on s staff. This will
“1nvo1ve so1l character1zat1on studies.

A scries of app]ied-typg equrimqnts‘will.be desighed.
These wi]]_synthesize the principal results fréﬁ the main
stations.

The experiments will be conducted by personnel from the
'cooperat1ng 1nst1tut1ons when appropriate, they may
serve as thESIS toplcs for graduate studies at NCSU or
other 1nst1tut1ons All operatlng expenses must be

borne by the cooperatlng 1nst1tut1ons

NCSU staff w1]1 serve as adv1§ors, and wil] cooperate on

eiechﬁion.and interpretatiaon of the -work. - -Certain soil
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and plant analysis may be conducted at Raleigh to
supplement results.
5) The cooperating institutions will conduct appropriate

field days, demonstrations and other extension functions.

Personnel: S. W. Buol, P. A. Sanchez, vacant: to be. hired.

LDC collaborators: to be identified.

. 8.2 Objective No. 2 (As stated in Section 2)

1. Soil Characterization. 1. Determination of the potential area

. of extfapolation in the Campo Cer}edo by Cline and Buol. 2. Work
bonfinuing in Llanos Orientales in collaboration with CIAT. ; and §.
Exprcted additional studies in sites tor potential extrapolation.
'Fersonnel: S. . Buol, L. Mejia. .DC collaborators: M. Camargo, J. Spain,

R. Guerrero and otners.

2. Depth of Liming and Residual Effects. A long term experiment was

initiated in December ]972 to evaluate the eftect of different lime
app]1cat1ons and the potent1a] benef1ts of 11n1ng to 30 cms. depth

Resu]ts to date (1) indicate that deep liming is supeewor to sha]]ow Time
app11cat10n because it increases root development and a]]ows p]ants to
withstand dry periods better. Two crops are grown per year and-preliminary
1nd1cat1ons of the residual efrects (2) indicate that relatively low

rates are adequate.. Severa] more years are needed to evaluate this



ect in economic te.ﬂs. Personnel: -Kamprath, Gonzatez, Salinas,

aderman. LDC staff: Soares, Lobato Galrao.
4. Phosphorus Rates, Placement and Residual Effects: A long

term experiment was planted in Oceober 1972 to evaluate the effect of
rates, placement and timing methods. Results to dete suggest that large
applications have a marked residual effect ano that a combination of an
original broadcast ~application followed by banded applications at each
successive planting might be recommendab]e, but these suggestions are not
economically sound yet. Considerable progress is expeoted by mid 19?5
(1) although a much longer time span is needed- for a thorough evaluation.
ﬁersonne]: Kamprath, Yost, Naderman, Langley. LDC staff: Soares, Lobato,
Galrao.

4. Zinc Rates and Residua] Effects: A third set of long term

experlments was planted in Brasilia in Octoher 1972, Thnv are designed
to evaluate the rates, variety and pH interacticns of z1nc applications.
Results to date (1) indicate that about 3 kg Zn/ha is essential to obtain -
,y1e]ds and ohat ]1n1ng of pH 6.4 induces additional zinc def1c1enc1es

The ,residual effects of such apnlications shou]d be adequately established
by ear]y 1978. Personnel: Cox, Lopes

5.\ Phosphate Sources - Silicate Applications: Fie]d experiments

~ Were estab11shed in Octcber 1973 to eva]uaue cheaper sources of phospho-
rous 1nc1ud1ng nat1'e rock phosphaue and fused phosphate s1]1cates-
(Termofosfato) On a pasture grass and legume at three ]1ne leve]s Two
greenhouse experiments are also eva]uat1ng the 1nteract1on between lime,
phosphorus and silicates with emphasis in decreas1ng phosphorus fixation.
No pre]unInary results are ava1]ab1e but considerabie progress 1is expec.
by mld 1976 (1) and 1978 (2). Personnel Kamprath Yost, Naderan. Smyth,

Sanchez.
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6. ‘Varietal and Species Differences in Tolerance to Al and low P.

series of culture solution studies in Paleigh were conducted to charac-
terize varietal differences in corn, rice and beans. Results to date
quantified such varietal difference§ and related them to differential
ability to take up and translocate phosphorus. A series of experiments
are in the process of being installed in Brasilia to test a large number
of germplasm for Brazi]ian.squrces a; three levels of P.and three of
.exchangeable aluminum. Collaboration with Forne]] plant breeder, C. O.
Groyran is expected. Personnel: Salinas, Sanchez, Nadermén,.dacksdn.

7. Distribution of Properties of Cerrado Soils:. A total of 565

samples were taken throughout the Cerrado in order to quantify the va-
riability in chemical properties. Results to date (1) indicate a very '
good correlation between several fertility parameters and native vegeta-
tion.. Extreme low fertility characterizes the large majority of the
samp]és. Hork will serve as a guide for extrapolation of experimental

results. Expected completion in late 1975. Personnel: Lopes, Cox.

>§. Chemistry and'Mineraiogy of Phosphorus Fixation: Basic studies,
using'Todern techniques are needed to better understand the process of
'phosphghys fixation by jron and a]uminum 6xides and hydroxides which is
* the ma%n\ferti]ity ]imitiﬁg factor in these savanna Oxisols. Basic
laboratory-experiments were initiated in-Raleigh to understand the process.
Consideréb]e pfogress is expected by late 1975 and completion by mid 1977.

Personnel: Buol, Bingham.

9.. Sulfur, Potassium and Magnesium Studies: These elements; are also

limit{ng in these soils and information in their behaviour and require-
ments are needed. A proposed series o7 experiments starting in Octooer
1975 and terminating in 1978 would provide the necessary datd. Personnel:

Kamprath; others.
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10. EXTRAPOLATIOHN STUDIES: The operating pattern will be

essentially the same as for item 10. Objective 1. NCSU will
examine the situation and help design the best limited number
'of management combinations which will lead to economical field
recommendations. Actual tests will be financed and conducted
by the local cooperators. Only those willing and capable of con-
duct1ng sat1sfactory adaptlve research trlals w111 be considered.

| Management of the 0x1sols under savanna eco]ogy is cr1t1ca]'
in Many countries.

Collaborators:

1) EMBRAPA, Brazil
2) CIAT, Carimagua, Colombia
3) Ministry of Agriculture, Dominican Republic

4) Universidad de Panama, Panama

Upon approval of this contract extension, discussions will
be ﬁeld with the institutions and where agreement can be reached
coopefative projeets will be established.

Personne] NCSU - S. wt Buo].,E.‘J. Kamprath, Naderman and
others Local cooperators to be identified.

8.3 Objective 3. (As stated in section 2)

.

1. Soil Chararierization: Soil sobosequence relationship in -

volcanic areas of Costa Rica'completed by mid21974 (1). Add1t1ona1

studies‘for new experimental areas planned. -PersonneI Buol and

assistants.
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2 to 8. experiments in the process of completion of termi-
.nation L; the end of present contract period.

9. Nitrogen Management in Intercropping Systems: A series’

of corn-soybeans systems were compared with monocultures at
different nitrogen levels to estimate efficiency of utilization

and other parameters. Results of first set of exper1ments

(1) 1nd1cate s1gn1f1cant 1nt'rcropp1ng erfect in Turrialba. Other
experiments programmed for other regions. Expected completion

by mid 1978. Personnel: " 0elsligle, McCollum, Rossiter and others.

_ia'tOHIZ. Phosphorus, Sulfur, and Liming Management in

Infercropping Systems: A proposed series of experiments to be

conducted in important intercrnpped areas of Contral Amorica g
determine the dynamics of P, S, Ca, g and Al in intercropped
systems and Vhat are fhe beqt wa ys to apply these autrients or
amendments Long term exper1menes in which cons1derab]e progress

is exfected by m1d 1978 but econom1ca11ysound 1nterpretat1ons at

a tater date. Personnel: McCo]]um, Ross1ter, Oelsligle and others.

8.4 Objective 4. (As stated in section 2.b)

"1 and 2. Essentially completed during the present contract
period..

3. Economic Interpretation of Field Results: Economic researer

has shifted from the analysis of data gathered’pridr to the contract

to analyzing the data produced by the field research activities.
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It involves translating the agronomic research results in economic
terms and additional related data such as transportation costs.

Personnel Perrin and assistants.

4. Fertility- Capability Classification System: The system

-presentéd in 1971 went through preliminary evaluation in 1973 (1)
and the first formal version (2), is expected to-be published in
1975. Evaluation of Braziiifan data is also finished. Additional
'evajuat1on and 1nterpretat1on is planned using existing data for
eXberimen; stat1ons in the trop1cs as well as in the u.S.
Férsonne]i Granggr, Pope, Buol, Sanchez. LDC Cooperators:
Qenavidgz, Bejarano and others.

——--5 and 6. Greenhouse, Labordtdry and Soii Characterization

'gfﬁdies: Needgﬂ to answer basic question passed by the field
lfeseércn or estimate degree of data extrapolation. Personnel:
Kahpfath Bﬁo1, Cox, McCollum, Sanchez, Wollum, Perrin and

ass1stants

i7. Pub11cat1on and D1str1but1on of Results: Annual technical

repOrtxand repr1nts of pub11cat1ons mailed to over 450 individuals

and 1nst1tut1ons Personnel: Sanchez, Monar.

—v~-

8. 5 Resources Requ1red

l

Personn°1

Campus.~ Man-monfhs

| P. ‘A. Sanchez, Project Leader 6
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Campus (cont.) ‘Hah-monthsA(cont.)

C. B. McCants, Department Ycad 3
S. W. Buol, Soil Genesis 3
E. J. Kamprath, Soil Fertility 3
M. A. Granger, FCC System 12
R. E. McCollum, Soil Fertility 3
Research Assisfants (3). 18
C. Langley, Research Technician 12
8. Monar, Bilingual Secretary 111 6

D. McDonald, Bi]ingué1 Secretary 11

Total on Campus 72 = 6 man-
years

Yurimaguas:

Faculty Vacant, Coordinator 12

Research'Assistantsb(S)" 36

Brasilia:

Faculty Vacant, Soil Fertility 12
Research Assistants (3) 36

Central America:
\

Faculty Vacant, Coordinator 12
Research Assistants (3) 36
Total Overseas 144 = 12 man-

years

Total Man-Year equiva]ént = 18.0 man-yéars '
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‘Major equipment needs:. project Vehicle for Brazil and

Yurimaguas, kadio transmitter for Yurimaguas.
described

Overseas stations and working relationships:

previously.

'}btal estimated costs: $1,659,611

9. "OVERALL COST ESTIMATES

‘The following is an estimate for the three year period.
No breakdown'by.objective is presented as per,ins;rpcquns of

Nr. M. Rechcigl of RIG. See p. 45.
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Revised Budget for Proposed .
Tropical Soils Research Program
North Carolina State University

July 1, 1975 - June 30, 1978

Object Estimated Cost per FY
1975-76 1976-77 1977-78

1. Salaries ’
4 man-years, home office professional 227,393 238,763 250,701
2 man-years, hqme office non-professioha]

12 man-years, field professional

18 -man-years, total

2. Fringe Benefits 29.660 31,143 32,700
3 Overhead 77,320 81,186 85,245
4. -Travel and Transportation 64.560 67,000 70,000
5. 'Supp]ies and Equipment 80,400 85,000 90,000
6.. ‘Quarters Allowance 30,600 32,000 34,000
7. Other Direct Costs 15,000 17,000 - 20,000

Total .$524,873 | $552,092  $582,646

;stimated'Three-Yeér Total $1,659,611



10. WORK PLAN: April 1, 1975 - June 30, 1978.*

/OBECTIVE 1. Starting  Expected
_ Date Completion
1. Characterization of Amazon Jungle soils. June 71 June 78

2. Slash-and-burn vs mechanized land clearing
methods. . ~ Aug. 72 Dec. 75

3. Continuous cropping systems and changes in
5011 properties. ~ Aug. 72 June 78

4. N\trogen, phosphorus and lime requirements
of grass and grass-legume pastures. Sept. 73 June 78

5. Fertility recuirements of-intensive
- ~multiple cropping system for food crop

- production. | Jan. 74 June 78
6. Major é]ement response by upland rice,

soybeans, cassava and plantains. Aug. 74 Dec. 76

7.- Sulfur and micronutrient:requirements:- Feb. 74 June 78

8. Potential use of Bayovar rock phosphates
in the Amazon Jungle. Aug. 74 June 78

9. Deve]opment of a model farm for contxnuous
cropping in the Amuzon Jungle, . Sept. 75 June 78+

10. Extrapolat1on of results to other jungle
areas via vield experiments with coope-
rating institutions. v Sept. 75 June 78+
- OBJECTIVE 2.
1. Eharacterizatioﬁ of savanna soils. Sept. 71  June 78+

2. Res:dua] effects of liming applications
(1nc]ud1ng depth) in relation to crop

requirements and soil moisture. Dec. 72  June 78+
3. Residual effects of phosphorus fertiliza-
tion in Oxisols of Brasilia. . Oct. 72 June 78+
L]
4. Residual effects of zinc fertilization. Oct. 72-  June 78

5. Comparison of d{fferent phosphorus sources
and silicon applicatior: to reduce fixation.
Residual effects. Oct. 73 June 78+

¥#See also Time Table on pp..28-31 for graphic dlsplay of beginning
course, and ending of activities.



Starting;  Expected
Date _Completion

6. Varietal and species differences in tolerance
to high exchangeable aluminum and low avail-
lble phosphorus. Jan. 74 Jan. 78+

7. Distribution of soil properties in the
Cerrado of Brazil. May 73 Dec. 75

8. Basic chemistry and mineralogy of phos-
phorus fixation reactions in highly weathered
soils. Jan. 74 June 77

9." Extrapolation of results to other Oxisol
savanna areas via field experiments with .
cooperating institutions. Oct. 75 June 78+

OBJECTIVE 3.

1. Characterization of soils and climatic regimes
' of areas affected by vuucan1c ash in Central
America. March 73 June 78

2. Macro and m1cronutr1ent survey in Guatemala i L o
(concluded). “Aug. 71 .Dec. 73

3. Long.term P. fertilization in Guatemala .
(transferred to ICTA) Jan. 72 Dec. 73

4. Intensive forage sorghum Tertilization for
dry season cattle .(ed1no in six sites of
northern E1 Salvador. March 73 Dec. 75

5. . Fertility management for upland rice pro-
duction in Costa Rica. April 73 Dec. 75

6. Sulfur deficiencies and development of
Sulfur extraction methods in Costa Rica. April 73 Dec. 74

7.> Copper-toxicity in upland rice scils

in Costa Rica. April 73 Dec. 74
3. Intensive multiple cropping systems

at three fertility leveis in volcanic .

soils of Turrialba, Costa Rica. Dec. 72 Dec.' 75

9. Nitrogen fertilization in intercropping
and multiple cropping systems. Four
locations in Costa Rica, possible in
El Salvador. July 73 June 7¢



10.

11.

12.

-.gystems.

Phosphorus fertilizer management in
jntercropping and multiple cropping
At several locations in
Central America.

Sylfur fertility managenent in inter-
cropping and multiple cropping systems
At several locations in Central America.

Liming intercropping and multiple crop-
ping systems. At several locations in.
Central America. '

~ OBJECTIVE 4.

v

. \
Location:

- 6.

Literature Review (State of the art)
completed May, 1974. ‘

Economic analysis of methods for esti-
mating fertilizer recommendations.

Economic interpretation of experimental
results and data extrapolaticn.

Development and evaluation of the fer-

tility-capability classification systemn

(World Wide).

Greenhouse and laboratory studies 10

‘help interpret field data and to esti-

mate possibilities of extrapolation of

results 'to soils of other countries or
vegions (Fertility, chemical, and

mzcrobiological studies).

Y
Characterization studies ot other
+tropical regions to halp interpret

" and extrapolate data.

i
Publication and distribution of research

“yesults in two languages.

Starting

Date

Sept; 75
Sept. 75

Jan. 76

“June 70

Jan. 75

. June 71

June jo

June 70

Dec. 71

Expected

k.COmgletion

June 78+
June 78+

June 78+

‘Dec. 74

June 78

June 78

June 78

June 78

June 78
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11. BUDGET PROPOSAL

The revised budget as submitted appears to be a major»increese
over the current level. The request is justified. however. The
overall funding level of this project was cet in 1969. The program
evo]ved‘gradually, starting vell pbelow- the projected levels in the
first years. “The full opevating level was reached only in the
current year. Estimated eipenditures for the 12 months
March 31, 1975 amount to $380,000.

The current budget was scaled down at A.1.D. retuQt'after
-review by the Research and Deve]opment Committee. Total reduction
was about $150,00 over three years.

Three factors have contributed to jncreased costs which are
not directly re1ated to the progvam. Gne is jncreased salarics.
Facu]ty and staff are entitled to and have received increases in
'recogn1t10n of 1ncreased competence and va]ue to the program fhe
un1verénty has also “found it necessary to adJust salar1es “to off-
set the\eroding effects of the r1s1ng cost of 11v1ng The second
is genera1 jnflation. The cost of all goods and serv1ces.has
1ncreased. This has been a greater prob]em ‘overseas than 1n the
U.S., where it is severe enough. Yurimaguas has been espec1a11y
hard hit because of its jsolation. The third 1is reduct1on in

services from AID, specifica]]y USA1D/Brasilia which ishoraduaIIy

hasing out its support



S decreased and secretarial sup
The new position of Faculty Coop
at Yurimaguas is Probably th

additions. The additiona!

make the seniopr

research assistants in the field will

staff more‘gffeqtive.

Sults obtained..

12. GENERAL APPRAISAL

TA/AGR finds this a@ wholly reasonabhle proposal for exten;ion of
a'productive project. The Objectives are
of usable Packages of pp

in three clear
¢ \

concisely stated ip terms
actices to fit the probabie farming'patierns
ly defined ecologica] zones. _Specific'activities‘
coﬁtribﬁging towahd these objectives_are:Bfief]y,but undérsténdébly
describedXQnd

Personnel to be involved identified.
: ommencement and termina-

graphiqél]y S0 that the sequence

. -ihe variety. of activities
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than a dispersion of effort or a loss of focus. Soil and crop
management systems are complex. There is no panacea for success.
}The Research and Development Committee of A.I.D. supported
the objectives of the project in their meeting of December 17, 1974,
Tﬁg‘budget has been tightened at their request. The extrapolation,
adéptive research, plan'pﬁ 35 and 40. vere also amp11f1ed at their
request but remains tentative since no commitments to local insti-
tut1ons were possible without the contract extension.
Apprqya]ﬂof‘ex;en;yonngf_;hjs pnojgct_for‘three years until
June 3J, 1978 is recommended. The budget request is‘reqsonable

" and should be accepted subject to the avéilabi]ity of A.I.D. and
TA/AGR funds.
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EXCERPTS FROM A.I.D. RESEARCH ADVISORY COMMITTEE - PD-AAC- 83
FORTY-EICHTH MEETING

March 20 - 21, 1975

Review of Azronomic Economic Research on Tropical Soils - N.C. csd-28c6

This project was strongly supported by the subcommittee for its agronomic
work. As in ear'dar revievws, the integration of the economic component
was still judged to te incomplete and as the extension proposal was
written quite insurficient.

The motion of approvel was: The project Agronomic Economic Research
on Tropical Soils te apprcved for extension for three years subject
to the following conditions: (1) That the project statement and
work plan be revised to show the economic component before any nev
activities are undertaken; (2) tuat staff vime ope allocated to this
required integration; (3) that a comprehencive review of the preject
be conducted before the end of the second year and a full report made
to RAC.

Motion was unannimously approved.



AGRONOMIC-ECONOMIC RESEARCH
- ON TROPICAL SOILS

North Carolina State University
csd-2806

1. SCOPE OF WORK
The contract aims at developing a "package of economically-sound soil
mahagement practices for 1ncréasihg food production in 1) jungle soils
présent]y under shifting cultivation, 2) acid savanna Oxisols and 3) inter-
cropping systems in volcanic highlands. Such practices could bé extrapo-

lated to areas other than where tha research is conducted.

- 2. OBJECTIVES: EXPECTED PRODUCYS
Objective 1): To develop a package of econqmically-sound soil and
fertilizer management practices for increasing food prodﬁ;tion via
continuous cultivation of jungle soils presently undér shifting cultivation.

. \ ,
The result of such a set of recommendations when applied at the farm level
\ l

’

would be to open large new areas of tropiéa] rainfores%snﬁor/fbod crop
production, on an ecologically-sound basis.

Objective 2): To develop a package of economically-sound soil and
fertilizer management practices for increasing focd production in‘acid
Oxisol tropiéa] savannas. The re§u1t of such a set of recommendations
when applied at the:farm level would bring into production hugé areas of

tropical savannas presently not utilized.

TA/AGR:3/75
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Objective 3): To develop a package of economically-sound soil and
fertilizer management practices for 1ncreasihg‘food production in sub-
sistence intercropped systems sma11'¥afﬁ1n§ oberations in highland areas
affected by volcanic activity. *hé result of such a set of recommenda-
tfons, when applied at the farm level would be to markedly increase the
productivity of intercropped systems and the well-being of such farmers.

Objective 4): To develop meaﬁs for interpreting and extrapolating -
the products of Objectives 1 to 3 to other areas via economic interpreta-
tions, additional greenhouse and laboratory work on campus and through
cooperative field trials in other areas. The result of such stgdies
would be the verification (or lack of) of the extrapolability f? data

from intensive study sites to other jungle and savanna or inté(cropped

volcanic areas.
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3. PLANS TO FACILITATE UTILIZATION OF RESULTS

A research contract of this hature should be ultimately judged by
the degrée of farmer adoption oé the research resu}ts. Although the
delivery of these results to farmers is beyond the scobe of the contract,
substantizl efforts will be directed towards the dissemination and
utilization of these results.

The strategy of dissemination will continue as present: To publish
as quickly as possiﬂ]e new significgnt research results, first in the -
Téchnical Anﬁuél Reports and when appropriate in scientific articies.
S\gnmflcant results will be pub11sned in ‘English and Span1sh This
information will be then dmstr1buted to rec1p1ents in our ma111ng list
and also to additional personnel by the cooperat1ng institutions in their

antry.

In addition, it is proposed that a third phase in the work plan of
the contract be initiated. Phase III would consist of estéblishing
cooperative agreements with other institutions to conduct apﬁiied-type
field research in other areas in order to test tﬁe degree of extrapolation
possib]e within the three ecological regions. As previously ment%ohed,'
requests for such work has been received from several other countries. If
.implemented Phase III would in effect establish a small resgﬁrch network
specifically concerned with the objectives of this contract. Figure 1

shows the potential sites for Phase III operétions.
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Figure 1. Potential sites of field extrapolation and utilization of
o results under discussion. ~ :
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¥ 4, PROJECT DESIGN AND METHODS

-A specific 1ist of research projects are outlfned on Table 1 as a.
means for accomplishing the research objectives. Each activity 1nvolve;~
one or several experiments. The starting dates, “milestones” and expected
completion appear in Table 1. The narrative of each activity follows.
Activities under each objective are interdependent. Additional activi-
ties might be identified in the course of research as needed for accom-
plish1ng the objectives. A certain amount of f1ex1b111ty is needed when
\nterpretlng th]S tabla, because research contracts ‘cannot be planned
with as much prec151on as the table might imply. Unless otherwise
specified field act1v1t1es are to be conducted in Yurimaguas, Peru, for =
Objectiye 1, in Brasilia, Brazil for Objective 2, in Central America for
“hiective 3 and on famdus on Obiective 4. |
4.1 Objective 1. (As stated in Section 2).

1. Characterization of Amazon Junqle Soi]s. 1*" Studies on

Colombian Amazon finished January 1973. é. F]E]d stud1 2s on Peruvian

Amazéﬁ'dung1e completed. 3. Deta11ed soils map of Yurimaguas Station

expectéd to be compieted.by September 1975. Further actTv1tJes contem-
plated include characterization of potent1a1 eAtrapo1at10n S1tes.

"

Réquests for cooperation received from Pucallpa and Iquitos (Peru),

Amapa (8razil), eastern Ecuador. Proj:ct personnel involved in charac-
terization study of soilé in the Venezueia Amazon with financial support
from Venezuelan covernment. Personnei' s. W. Buol, E. J..Tyler., LDC
cooperators S. T Benav1des C. Va1verde. C. Zamora, M Camargo

“These numbers refer to the "milestones" of Table 1.
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2. Effects of land clearing methods on soil productivity. 1. Field

research at Yurimaguas completed. Results show the advantage of the
}trgditional slash and burn §y§tem over mechanized land clearing. Rep&rt
in:prgpgration. Expected combletion December 1975. Persoﬁnel: P. A.
_Saﬁchgz. C. E. Seubert, C. E. Lopez. LDC collaborators: C. Valverde, M.
@u}eﬁa.

3. Continuous cropning systems and changes in soil properties.

Started August 1972. Expected completion: 10 years. Experimental design
consists of four consecutive yearly land clearings with four croppipg
systems énd fertilization strategies to be tested as a function of age
after clearing. Changes in soil properties associated with fertility
depletion are measured. This is the central, long term experiment to
deVé%op cropping systeims. To date, the first three land clearings have
béen cérried (Milestones 1, 2, 3). The fourth is planned for July 1975,
In addition to yield data collection, intensive éoil and b]ant sampling
tqken at regular intervals monitors changes with time. Results so far

{qdicate that continuous cropping is economically feasible in these
j&;glg Ultisols and that adequate to excellent yields of ﬁpland rice,
soybéans, cassava and pastures have been obtained with moderate amounts
of ;;;ti]izers and 1ime. Personnel: P. A. Sanchez, C. E. Seybert, C.
€. Lopez, H. Villachica, C:'langley. LDC collaborators:-C. Valverde,
M. Nurena.

4. Fertility recuiresents for pasture production in the Jurqle:

Two forage experiments with Penicum maximum are evaluating the nitrogen,
phospinorus, and lime requirements, including an evaluation of urea,

sulfur-coatad urea and Styfosanthes quyanensis as the source of nitrogen,

superbhosphate and sé@efal rock phosphates iné]dding,Bayovar rock.



-11-

3. Results of first 10 months indicate high yield levels with low ? and
iime rates and a pnomising résponse of sulfur-coaeed urea applications.
every six months. Feeding quality of forage determined by nutrient
analysis and in-vitro digestibiiity in cooperation with the knimal Science
Depa}tment. A third;experiment conparing metheds b% I{me and phosphorus
incofporation in exhausted pastures was injtiated in 1974. 2. Expected .
completion of this phase in the field.  An additional phase consisting of
vanimal evaluation is needed. Personnel: P. A. Sanchez, C. E. Lopez, C.
'Langiey. LDC cooperators: C. Valverde.

5. Fertility requirements of multiple cropping system for food

Eroductigh: This project aims at developing informafion for the second
component of the "model farm": intensive food produefion fon subsistance
purposes and local marketing. Experiments'in progress in: 1. Inter-
-ropping effect on nitrogen fertilization x spacing in corn-sovbeans-
cassava intercropping. 2. Residue management at different ferti]ity
levels in corn-soybeans-cassava intercroppings 3. Res1due management
at different fertility levels in corn-soybeans-rice success1on 4: L1ne
response and depth of ]1n1ng in corn-cowpea 1ntercropp1ng and none-‘.
cultures. 5. Fertility requlrenents for 1ntens1ve cropp1ng systems
ranging from one to five crops a year. 6. Germp]asm 1ntroduct1on and

‘testing of materials received from CIAT, IITA, CATIE, and other sources.

Preliminary results to date indicate a highly beneficial effect of

incorporating Kudzu as green manure on yields and nodulation by soybeans.
Personel: M. K. Wade, P. A. Sanchez.

6. Major elcment responses in principa] food crops: Rasponses to

P K. and l1me by upland r1ce, soybeans cassava and pnanta1ns Tne
. . o

purpose is to establlsh the needed applleatlon rates and cr1t1ca1 soil
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test levels. Termi. :ion of field experiments crpec.ed by Sepiember
1975. éompletion of work expected by December 1975. Personnel: G. §S.
Miner, D. Anderson.

7. Sulfur and microndtrient requirements: The inftial continuous

: croppipg.experiment demonstrated the existence of sulfur, boron and
molybdenum deficiencies, in these soils. 1. Greenhouse tests in Raleigh
confirmed these deficiencies and i&eniified zinc and copper deficiencies.
Field trials expected to start in Mérch‘1975. Data suggests that sulfur
and micronutrient deficiencies might be crucial limiting factors. If so
their solution with small quantié%eﬁ cf inputs transportable at low
costs seems econcmically feasible. Personnel: H. Villachica, P. A.
Sanchez. LDC collaborators: C. Valverde.

8. Potential use of Bayovar rock phosphates in the Jungle: Perd

is recently beginning to mine huge rock phosphate deposits in Bayovar on
the Coast. 1ts potential is natura]iy believed to be for acid soils,
most of which are in the jungle. Although Bayovar.rock is includad as
treatments in certain experiments in'projects 4 and 5, a systematic
evaluation of its reactivity fineness and residual effects is needed to
ascerPain whether this product could be used effectively in the Jungle.
Government officials have keen interest and partial financial .support has
been obtained by Dr. Valverde from MINERCPERU. Preliminary greenhouse
experiments are in progress in Raleigh and in Lima by counterpart '
personhel. Field expariments are e{pected to be planted by March 1975.
Personnel: H. Vilaachica. G. S. Miner, P. A. Sanchez. LDC collaborators:

C. Valverde, J. Davelcuis, M. Cano.

9. Developing of ‘a "model farm" for continuous cropping in the

mazon: To be started in 1976. A synthesis of all findings into a model
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based on annual slash and burn of 2 hectares of which 80% would

be in pastures and 20% in intensive multiple cropping. To be

done with actual farmers from the Yurimaguas cooperative. Complete
" “agronomic and economic records will be kept of both crop and

animal production. Personnel: To be hired.

10. Extr=polation of Studies

It is proposed that the third phase of this contract in-*
volve a series of field extrapolation studies to adapt the results
already available from the jungle and savanna stations to other
trop1ca1 areas with similar environmental cond1t1ons. The ex-
pected results of such work would further this contract's and
RID's chbjectives bocause {i) 1% would test the degree of exira-
polation pcssible of the results and the pecessary local modifica-
tions and (2) it'wou1d encourage direct in]ization byvfarmers in
other regions. |

Unlike previous arrangements developed With LFC's in this
contract, no active seeking of appropriate locations will bé.
done by NCSU staff. ft is preferable to respond to requests
from LDC institutions or USAID‘missions for collaboration; Only
th0$é institutions that show a high priority interest and willing-

ness to make solid financial and personnel commitments on their

part will be considered.
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To date, indicatiohs of such an'interest'have been receivec

the
1) -

2) -
3)
4)

5) -

The
1)

2)

3)

4)

following institutions:
Universidade Federale Rural do Estado do Rio de Janeiro,
Amapa, Brazil

INIAP, Ecuador

IVITA, Pucallpa, Peru

Universidad Nacional Agraria La Molina, Per

Universidad de Panama

following mode of operatibn is enyisionedr'

Selection and evaluation of the sites will be madg_joiqt]y
by NCSU and the host institution's staff. This will
involve soil characterization studies.

A series of applied-type expérimgnts will be designed.
These will syhthesize the pfincipa] results from the main
étations.

The experiments will be conducted by personnel from the
cooperat}ng institutions. Nheﬁ appropriate they may
serve as thesis topics for graduate sthdies at NCSU or
other institutions. All opefating expenses must be

borne by. the cooperating institutions.

ngu sfaff will serve as advisors, and will cooperate on:

execution and interpretation of the work. Certain soil
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plant analysis may be conducted at Raleigh to
supplement results.
5) The cooperat1ng institutions w111 conduct approprlate

field days, demonstrations and other extension functions

Personnel: S. W. Buol, P. A. Sanchez, vacant: to be hired.

.DC collaborators: to be.idehtifiede

“4,2 Objective No. 2  (As stated in Section 2)

‘1. Soil Characterization. 1. Determination of the potential area

of extrapolation in the Camoo Cerredo by Cline and Buol. 2. Work
'continuing in Llanos Orientales in collaboration with CIAT. 3 and 4.
Expected additional studies in sites for potentiﬁ] extrapolation.
>ersonnel: S. W. Buol, L. Mejia. LDC collaborators: M. Camarao, J. Spain,

l. Guerrero and otners.

2. Dep*h of Liming and Residual Effécts. ‘A long term experiment wa:
initiated in December 1972. to eva\uate the Effecf'o% d{ffereet lime
app]iéations and the pctential benefits of lihiné to 36 cms. depth.

Results te date (1) indicate that deep l1m1ng is super1or to shallow line
app11cat1on because 1t increases root development and allows plants to
withstand dry periods better Two crops are grown per year and prel1m.nurj_
- inaications or tne resiaual errects (¢) indicate that reiatively low

rates are adequate. $evera] more years are needed to evaluate this
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- effect in economic terms. Personnel: Kamprath, Gonzalez, Salinas,
Maderman. LOC staff: Soares, Lobato, Galrdo.

3. Phosphorus Rates, Placement and Residual Effects: A Tong

.term experiment was planted in chober 1972 to evaluate the effect of
rates. placement and t1n1ng methods. Results to date suggest that ]argn
app11catlons have a marked residual effect and that a comb1nat1on oV an
original broadcast application followed by banded applications at each
successive planting might be recommendable, but these suggestions are not
_economically,sound yet. Consideheble progress is expected by mid 1975

(1) although a much lorger time span is needed for a thorough evajuation.
Personnel: Kamprath, Yost, Naderman, Langley. LDC staff: Soares, Lobato, -

Ga]réo.

8. Zinc Rates and Residual Effects: A third set of long term
experimean was pianted in Brasiltia in October 1972. They are designed
to eva]uate the rates variety and pH interactions of zinc applications.
Resu1us to date (1) indicate that about 3 kg Zn/ha\1s essential to obtain
yielos and that )jm1ng of pH 6.4 induces additional zinc deficiencies.
The,;esfdpal e%fects of such applications should be adequately established
by early 1978." Personnel Cox, Lopes. _

5. Phosphate Sources - Silicate Applications: Field experiments

were established in October 1973 to evaluate cheaper sources of phospho-
rous 1nc1ud1ng native rock phosphate and fused phosphate silicates
(Termofosfato) on’ a pasuure grass aod legume at three 11me levels.. Two
greenhouse experlﬁenus are also eva]uatlng the 1nteractlon batween llme,
phosohorus and s111cates with emphasis in decreasing phosphorus fixation.
Y preliminary results are available but considerab) i@ progress is expeci..
by mid 1976 (1) and 1978 (2). Personnel: kahprath. Yost, Naderman, Smyth,

Sanchez.
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6. ‘Varietal and Species Differences -in Tolerance to Al and lcw P.

A series of culture solution‘studieg'in Raleigh were conducted to charac-
terize varietal differences in corn, rice and beans; Results to date
quantified such varietal differences and related them to differential
ability to take up and translocate phosphorus. A series of experiments'
are in the process of being installed in Brasilia to tést a large numbe}
of.germpIasm for Brazilian sources at three levels of P.and three of
éxchangeaﬁ]e aluminum. Collaboration with Cornell plant breeder, C. O.
Erograh is expected. Personnel: $a1inas. éanchez._Naderman, Jackson.

7. Distribution of Properties of Cerrado Soils: A total of 565

samples were taken throughout the Cerrado in order to quantify the va-
riability in chemical properties. Results to date (1) indicate a very.
good correlation between several fertility parameteré and native vegeta-
tion. ﬁxtreme low fertility characterizes the large majority of the
samples. Work will serve as a guide for extrapolation of experimental
results. Expected ccmpletion in late 1975. Personnel: Lopes, ‘Co:x.

8. Chemistry and Minaralogy of Phosphorus Fixation: Basic studies,

us{ng modern techniqueﬁ are needed to better understand the process of

- phosphorus fixation by iron and aluminum 6xides and hydroxides which is
the main fertility ]im{ting factor in these savanna Oxisols. .Basic
laboratory experiments were initiated in Raleigh to understand the process.
Considerable progress is expected b& late 1975 énd completion by mid 1977.
Persénne]° Buol, Binghah.

9. Sulfur, Potass1uﬂ and Magnesium Stuo1es These elemengs are also

Vimiting in these somls and information in tne1r behav1our and require-
ments are needed. A proposed series o exper1ments start1ﬁg in Octode~
1975 and terminating in 1973-wduld;provideithe:nécessary;data. :Personnei:

‘Kamprath, others. -
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. 10. EXTRAPOLATION.STUDIES: The operating pattern wili be

essentially the same as'fbf%jtem 10. Objective 1. NCSU will
" examine the situation and help design the best limited number
.of management combinafions which will lead to economical field
recommendations. Actual tests will be financed and conducéed
'by the local cooperators. Only those willing and capable of con-
ducting satisfactory adaptive research trials will be considered.
Management of the Oxisols under savanna ecology is critical
in mﬁny countries.
Collaborators:

1) EMBRAPA, Brazil

'2) CIAT, Carimagua, Colombia
3) Ministry of Agriculture, Dominican Republic

4) Universidad de Panama, Panama

Upon approval of this contract extension, discussions will
be held with the institutions and where agreement can be reached
ﬁboberative brojects will be established.

Personnel: NCSU - S. W. Buol, E. J. Kamprath, Naderman and
vothers. Local cooperators to be identified.

1 Objective 3. (As stated in section 2)

1. SoiY Characterization: Soil soposequence relationship.in

volcanic areas of Costa Rica'bompleted by mid 1974‘(1); Additional
studies for new experimentaﬁ arecas planned. Personnel: Buol and

assistants.



_-19-

2 to 8. experiments in the process of completion of termi-

nation by thé end of present contract period.

9. Nitrogen Management in Intercrobping Systems: A serijes

of corn-soybeans systéms were compared with monoéultures at
different nitrogen levels to estimate efficiency of utilizétion
and other parameters. Results of first set éf experiments

(1) indicate significant intercroppirg effect in Turrialba. Other
:xperiments prougrammed for other regions. Expected completion

)y mid 1978. Personnel: Oelsligle, McCollum, Rossiter and others.

10.to 12. Phosphorus, Sulfur, and Liming Management in -

.ntercropping Systems: A proposed series of experiments to be

conducted in important intercropped areas of Central America to
determine the dynamics e¢f P, S, Ca, Mg and A1 in intercropped
systems and what are the best ways to apply these nutrients or
amencments. Llong term experiments in which considerable progress
is expected by mid 1978 but econbmica]lysounduinterpretations at

a later date. Personnel: McCollum, Rossiter, Oelsligle and others.

4.4 0Objective 4. (As stated in section 2.b) .

1 and 2. Essentially completed during the present contract

period.

3. Economic Interpretation of Field Resu]ts: Economic researc

has shifted from the analysis of data gathered prior to the contract

to analyzing the data produced by the field research activities:
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it involves trans]ating‘the agronomic research results in economic
terms and additional re]ated data such as transportation costs.

Personnel: Perrin and assistants

4. Fertility- -Capability Classification System: The system

presented in 1971 went through preliminary evaluation in 1973 (1)
and-the first formal version (2), is expected to be pub]mshed in
1975. Evaluation of Braz111an data is aiso finished. "Additional
evaluatioh and interpretation is planned using existing data for .
exper1ment stations in the tropics as vwell as in the U.S.
Personnel: Granger Pope, Buol; ganchez. LDC Cooperators:
Benavidez, Bejarano and others.

~a o~

R I < Moeamminlemeema [ + 3 3 1
5 and 6. Greennduse, taboratory and Scil Characterization

g M [oR1]

Studies: Heeded to answer basic question passed by the fie]d
research or estimate degree of data extrépo]ation. Personnel:
Kamprath, Buol, Cox, McCollum, Sanchez, Wollum, Perrin and

assistants.

7. Publication and Distribution of Results: Annual technica’

report and reprints of publications mailed to over 450 individual:

and institutions. Pevrsonnel: Sanchez, Monar.

4.5 Resources Required:

Personnel:

Campus: Man-monfhs

. o

P. A. Sanchez, Project Leader 6



Campus (con*.)

C. B. McCants, Department Head
S. W. Buol, Soil Genesiﬁ

E. J. Kamprath, Soil Fertility
M. A. Granger, FCC Systgm '

R. E. McCollum, Soil Fertility

Research Assistants (3)

C. Langley, Research Technician
B. Monar, Bilingual Secretary III

D. McDonald, Bilingual Secretary II

Total on Campus

Yurimaguas:

Faculty Vacant, Coordinator

Research Assistants (3)

Brasilia:

Faculty Vacant, Soil Ferti]ity'

Research Assistants (3)

Central Amer}ca:

Faculty Vacant, Coordinator

Research Assistants (3)

Total Overseas

Total Man-Yedr equivalent = 18.0 man-years

Man-months (cont.

3
'3
3
12
3
18
12
6

. 12-.6 man-
years

12

12
36

12
36

144 = 12 man-
‘ years
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Revised' Budget for Proposed
Tropical Soils Research Program
North Carolina State Unijversity

July 1, 1975 - June 30, 1978

Object Estimated Cost per FY
1975-76 1976-77 1977-78

1. Salaries
4 man-years, home office professional 227,393 238,763 250,701
2 man-years, home office non-professional |

12 man-years, field professional

18 man-years, total

2. Fringe Be.nefits ég.eso 31,143 32,700
3. Overhead 77,320 81,186 85,245
4. ‘T;ave1 and fransportation 64,500 ) 67;000 - 70,000
5. Supplies and Equipient 80.400.' 85,000 90,000
6. Quarters Allowance: 30,600 32,000  "34,000
7. Other Direct Costs 15,000 17,000 . 20,000

Total $524.873  $552,092 sssz,éa,s_

Estimated Three-Year Total $1?659.611
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5. WORK PLAN: April 1, 1975 - June 30, 1978.*

OBJECTIVE 1. Starting  Expected
Date Completion
1 Characterization of Amaidn Jungle soils. June 71 June 78

2 Slash-and-burn vs mechan1zed land clearing . .
methods. - Aug. 72 Dec. 75

3 Continuous cropping systems and changes in
soil properties. Aug. 72 June 78

-4 -Nitrogen, phosphorus and lime requirements .
of grass and grass-legum2 pastures. Sept. 73  June 78

5 Fert111ty r;qu.rcmnnts of intensive
multiple cropping cystem for food crop

-productxon Jan. 74 June 78
6. MaJor element response by upland rice, o

soybeans, cassava and plantains. Aug. 74  Dec. 76
7. Sulfur and micronutrient. requirenents. Feb. 74 June 78

8. Potential use of Bayovar rock phosphates :
‘in the Amazon Jungle. . Aug. 74  June 78

9. 'Deve]opmgnt of a model farm for cont1nuous :
cropping in the Amazon Jungle. Sept. 75 June 78+

10. Extrapolation of results to other jungle

areas via field experiments with coope-

rating institutions. Sept. 75  June 78+
JBJECTIVE 2.
1 Characterization of savanna soils. - Sept. 71  June 78+

2 Reswdua] effects of liming applications
- (including depth) in relation to crcp

requiremants and soil moisture. Dec. 72 June 78+
3. Residual effects of phosphorus fertiliza- -

tion in OXISO]S of Brasilia. Oct. 72 June 78+
4. Residual effects of zinc ferti]ization. Oct. 72-  June 78

5. Coﬁbar1son of d{f erent phosphorus sources
and silicon applicatior; to reduce fixation. ~
Residual effects. Oct. 73 June 78+
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Stu.ting
Date

Expected
Completion

Varietal and species differences in tolerance .

to high exchangc:ble aluminum and low avail-
able phosphorus. Jan. 74

Distribution of soil properties in the
Cerrado of Brazil. May 73

Basic chemistry arc, 11ne*alogy of phos-
phorus fixation recotions in highly weathered
soils. _ dan. 74

Extrépo]ation of results to other Oxisol
savanna areas via field experiments wjth

cooperating institutions. Oct. 75

OBJECTIVE 3.

1.

w

61

Characterization of soils and climatic regimes

of areas affected by volcanic ash in Central

America. ‘ March 73

Macro and n1cronqu1ent survey in Guatemala
(concluded). : Aug. 71

Long term P fortilizatien in Guatemala
(transferred to ICTA) Jan. 72

‘Intensive forage sorghum fertilization for

dry season cattie feeding in six s1tcs of

‘northern E1 Salvador. March 73

'Fertility managemént for upland rice pro-
-duction in Costa Rica. April 73

Sulfur deficiancies and development of

“sulfur extraction methods in Costa Rica. April 73

Copper toxicity in upland rice sc11¢
in Costa Rica. . April 73

JIntensive multiple cropning systems
.at three fertility leveis in volcanic

soils of Turrialba, Costa Rica. Dec. 72

Nitrogen fertilization in intercropping

and multiple cropping systems. Four

-Jocations in Costa Rica, possibie in

E1 Salvador. . July 73

Jan. 78+

Dec. 75
June 77

June 78+

June. 78
Dec. 73

Dec. 73

Dec..75
Dec. 75
Dec. 74

bec. 74

Dec. 75

June 7¢
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Starting Expected
Date Completion

10. Phosphorus fertilizer management in
intercropping and multiple cropping
.systems. At several locations in
Central America. : Sept. 75 June 78+

"11. “'Sulfur fertiliiy managemant in inter-
~cropping and multiple cropping systems
At several locatians in Central America. Sept. 75 June 78+

. 12. " Liming intercropping and multiple crop-
ping systeus. At several locations in
Central America. Jan. 76 June 78+

OBJECTIVE 4.

1. Literature Review (State of the art)
_completed May, 1974.

2. Economic analysis of methods for esti-
" mating fertilizer reccmmendaticns. June 70 - - - Dec.-74-

3. Economic interpreiation of experimental
‘results and data extiapolaticn. Jan. 75 June 78

. - - . . - s - .- -
€. Levelonment ang eyaiuarion oOr ina rer-

tility-capability classification system. : '
(Worid Wide). June 71 June 72 °

5,. Greenhousz and laboratory studies to
help interpret ficid data and to esti-
mate possibilities of extrapoiation of
results to soils o7 othar countries or
regions (Fzrtility, caemical, and
microbiological studies). June 70 . Juné 78

Location
6. Characterization studies of other
tropical regions to heip interpret _ ,
and extrapolate data. June 70 June 78

7.. Publication and distribution of research
results in two languages. Dec. 71 June 78 .
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Projgct Review:

Food and Nutrition

Apronomic-Economic Research on
Tropical Soils - North Carolina
State Unlversitxg

Dr. Whixney, Chalrman of the Subcommittee composed of Drs. D.
Peterson, M. Peterson, and Heady, repo“ted as follows

. This project was initiated in 1970 by the 8011 Sc*ence Department

of the North Carolina State University. The purpose was to Tind ways to
increase the productivity of the highly weathered soils of the Latin Americe
tropies. The main ‘thrust was to find the best soil  management methods that
can meet the desired production goals. Considerable progress has been made.
The volume of publications end data is significant. :

Some of the issues concerning the extension are: (1) What new infor--
mation will oe obtained? Techni:zal problems for varient sites, longer term
implications, and economic analyses are needed before making recommendations
to farmers. (2) Are the goals acceptable and obtaineble? The original
obJectives and studies were quite diverse and diffused. ObjJectives for the
extension are more specific, being focused toward continuous crcpping, inter-
cropping systems, and further evaluation of nutrient needs, weys to over-
come toxicities, and evaluation of longer-term carryover effects of previous
fertilizer applications. The goals are feasible. Attention needs to be
given to the supply and economics of tie high phosphorus fixing capacity end
fertilizer requirements. . How will the economic inputs be handled? At
what stages; and how analyzed? (3) Are the staff and budget adequate?

The staff has abundantly demonstrated its competence. The budget represents
a major incruase over present levels. This is attributed to increased )
salaries, inflationary costs, and a reduction in services from USAI/Brasilia
which is gradually phasing out its support.

The Subcomnittee is in general agreement that the.extension of this
project is desirable.

Dr. M. Peterson stated that the project is well prepared, is long
range in concept, and should be funded as long as it is productive.

Dr. Heady agreed that the project is importent end should continue.
However, it should be better integrated with the other soil projects. It -
appears to be primarily of help to the big plantation owners, and shows no
methods for getting to the poor farmers. The title says' economic, but there
is little or no evidence of this in the design. Economic. congiderations
should be a part of the ongoing project, and not added on at the end of the
project. In the allocation of senior manpower there is none shown for
economist. The concepts referenced are naive, and the alternatives are not
rs limited as stated. There should be a better statement.
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Dr. D. Peterson vas impressed with the tremendous potential resource
of tropical soils as a source of food. He was favorable to the project.
The soil clessification system may be very significant for transfer of
information. He urged improved interaction among researchers on the environ-
mental and economic parameters necessary for extrapolation of recommendations
to other areas. He suggested the development of an agreement on minimal
data to be collected from all studies for the extension of analyses. He
urged AID staff to attempt the development of field trial research standards
with the objective of multiple purpose deta cellection and analysis.

Dr. Ervin Long expressed his conrern for the issues raised by Dr. Heady's
comments. NCS was originally selected for its competence in both soils and
economics, ard the 1967 soils testing project was essentially an economics
project. However, there is & tendency for the different disciplines to
work in their own fields concurrently, rather than es integrated inter-
disciplinery team research on a common problem. . The Agency staff has
worked at this problem es a sine qua non of good research.

Dr. John Malcolm, TA/AGR, expressed his appreciation to Dr. Heady for
an opportunity to review his comments in advance and for the other comments.
He reviewed the staffing as it has evolved, concluding that it is a well
balanced staff in terms of the amount of senior staff time on campus compared
to their time in the field. The idea that the phosphorus problem is the
over-riding problem of the oxisols of the savanneh is certainly correct.
It cannot be solved with phosphates, but only by complex interactions. The
least/cost combination may involve processing to depth mechanically thereby
using less bui treating more 3o0il volume. He referred to the selection of
plants for tolerance as a siguificant factor in working out successful com-
bination treatments. The eccnomic component of the project has been a problem,
and this is reflected in the write-up. Dr. James Seagraves has been nominated
from the Economics Department to the project. The Brazilian agency problems
are not known, but at the technical level there are good relationships. NCS
and Cornell are working together at Brasilia getting double use of a single
set of experiments. He reported on a meeting last May in which the work of
NCS and Cornell was made available to Hawaii and Puerto Rico. This February
in Washington there was a meeting for information exchange among all Soils
and Water projects.

Dr. Adams inquired if ecologists were present in the seminars described. No,
if specialization is the criterion, but many others are also aware of the
problems. Dr. Plucknett commented that range-management specialists who are
trained as ecologists were participants in the Soils and Water Conference.

Motion: (a) That the project be approved essentially as presented; (b) " that
the project scope of work be revised to assure that economic, soil
management, and agronomic factors are considered in planning, co=-
ordination, and budgeting, and that due consideration is given to
environmental variables; and (c) that a progress report, cross re-
ferenced by objectives and utilization strategies, be submitted to
RAC for rpview at the end of the second year of the extension.

Moved by Dr. Whitney, seconded by Dr. ‘Heady.
Vote: Approved by unanimous voice vote.
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Inheritance and Improvement of Protein
Quality/Content in Maize - Purdue University

Dr. M. Peterson, Chairman of the Subcommittee composed of Dra,
Milner, Schw:igert and Whitney, reported as follows:

The primary objectives of this project was to utilize the Opaque~
.2, Floury-2 or any other genes of maize still to be discovered to im-
prove protein content and quality of maize. The prineciple quality
limitations of maize nutritionally are lysine and tryptophane. Trans-
fer of these genes to superior hybrids is a simple matter. The diffi-
culties which led to the research project are the characteristics
associated with these genes that are undesirable and that are trans-
ferred along with the Opaque-2 and Floury-2 genes. Research has con-
centrated on the Opaque-2 and on the search for other sources of high
lysine. The problem as yet unsolved is how to overcome the undesirable
characteristies associated with the high lysine mutants.  Goals are
to increase seed size, improve yields, gain better disease and insect
resistance, and develop e more acceptable starch. ' ’

Issues ihvolved appear to be these:

1. Obtainment of objectives: Obteinment has proven far more
difficult than originally envisioned. Progress is being made slowly
and vith difficulty. Full goals are not likely to be reached in the
next three years. Work on the double mutants is promlsing and probably
should be completed.

2. Progress of the Purdue project: Reports indicate large effort
and slow progress. It does not appear that Purdue can be faulted for
the fact that the initial goal is still not within their . grasp.

3. Is tlie Purdue project needed? Alternetives are CIMMYT and the
commercial breeders. CIMMYT is on a paralled course but aiming at tropical

hybrids; commercial breeders in the U.S. will be'working on hybrids for
temperate regions.

Conclusion: Genetic and breeding programs are by their nature
long-range activities. It is not surprising that a major goal is not
reached in 5 years.  However, the hitial idea that Purdue would concentrate
on genetic and biochemical studies and CIMMYT on breeding has not been
the primary division of effort. The extension is reasonable but with the
goal that the project should be phased out at a specific time, not to
exceed three years. Materials developed should be made freely available,
as they are, and uaximum effort devoted to the genetic studies of double
and multiple combinetions of endosperm mutants and the possible benefits
of modifier genes. Responsibility for the breeding work should be shifted. -
to CIMMYT for tropicel varieties, to commercial breeders for temperate
varieties, and to the regulaer ongoing research of ARS and the state
agricultural experiment stations for the U.S.
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Almcll’ 1 - STATEMHUT, OF_¥.NRK

A. For a perfod hereinafter sct forth {n the Schedule, the Contractor
agrecs to develop a "package of economically-sound soil ranagement practices
for increasing food produgtien in 1) jungle soils presently under shifting
cultivaticn, 2) acid savanna Oxisols and 3) inter-cropping sxstems in volcanic
highlands. Such practices could he extrapolated to arecs other than where
the research is conducted.

This work is a continuation of the- research formerly carried out.
under Contract No. AlD/csd-2806. The following objectives and pro&ucts
shall reflect the work previously done and 1ncorp6rate'thdse results into
this scope of work.

B. Objectives: Expected Praducts

Objective 1}: Contfactor agrees to develop a package of economically-
sou;d soil and fertilizer ménagement practices for increasing food production
via continuous cultivetion cf jurgle soils presently urder §hifting cultiva-
.tion. The result of such & sct of recowmgndations when zpplied at the
farm level will Le to open large nev arecs of tropical rainforests for
food crop proéuction, on an ecoloaically-cound basis. h

Objectiie 2):. Contractor agrees to develop a package of eédnomica]1y-
sound 501 and fertf]ixer management practices for fncreasing food production
in acid Oxisol tropical suvannas. .The result of such a set of recormmendations
vhen applied &l the farn 1evel will bringinto production huge areas of
tropical savannas presently not utilized. _

ObjectiVé 3): Contractor agrees to develop a package of economically-

" sound s0i1 and fertilizer management practices for increasing foodrproduction
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in subsistence intercropped systems small farming operations in highland
a}eas affected by volcanic activity. The result of such a set of
recommendations, when applied at the farm level will be to markedly increase
the productivity of intercropped systems and the well-being of such farmers.

Objective 4): Contractor agrees'to develop means for interpreting
and.extrapo1at1ng the products of Objectiyes 1 to 3 to other areas via
economic interpretations, additional greenhouse and labofatory work on
carpus and'thf&hgh cooperative field trials in other areas. The result of
such studies will be the verification (or lack of) of the extrapolability
of dats from intensive study sites to other jungle and s;vanna or intercropped
volcanic areas.

C. Surategy of Lissemination

The strategy of dissemination shall be as follows: To publish
as quickly zs possible new significanf rescarch results; first in the
Technical Annual Reports and when appropriate in scientific articles.
Significant.results shall be published in Enélish and Spanish. This
information shall then be distributed to recipients on Contractor'S'
meiling 1iat and a1§n to additional personnel by the cooperating institutions
in their country.
b. Project Design end Methods

A specific list o% research projects are outlined on Table 1 as a

means for accorplishing the research objectives. Each activity involves

one or scvera) experimenis. The starting dates, "milestones” and expected
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'comp1etuon appear in Tabfe 1; The narrative of each activity follows.
Activities under each objective are {nterdependent. Additional activities
shall bte identified in the course of research as needed for accomplishing
the cbjectives. A certain arount of flexibility is needed when interpreting
this table, because research cannot be planned with as'much precision as
the table might imply. Unless otherwise specified field activities are to
be conducted in Yurimaguas, Peru, for Objective 1, in Brasilia, Brazil
for Objective &, in Central America forAObjective 3 and on camﬁus on
Objective 4

| Objective 1: (As stated in Section B).

1. - Characterization of pmazon Jungle Soils: 1* Studies on
Colombizn Arazon finished January 1973. 2. Field studics oa Peruvian
Prazon Jungle comp]eted; 3. Detailed soils map of Yurimaguas Station
shall be ccrp\eted by . September 1975. " Further actiQities contemplated
inc1ud° ‘characterization of potential extrapolation sites. Requests for
‘cooperut1on received from Pucallpa and Iquitos (Peru), Amapa (Brazi1),
eastern Ecuador. Project personnel 1nv01ved in character1zat1on study of
soils in the Venezue1a pmazon with financial support from Venezuelan govern-
ment. Perscnnel: S. W. Buol, E. J. Tyler. ' |

2. Ejjgg;g_gfﬂlggg“glgp[jngﬂmpthods on soil productivity.

1. Fielq rescarch at Yuriraguas completed. Results show the advantage of
the traditional slash and burn system ovcr.mechénized Tand clearing.
Report in preparation. Shall be completed by Decenber 1975. Personnel:
P. A. Sanchez, C. E. Seubert, C. E. Lopez.

*These nurbers refer to the “milestones” of Table 1.
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3. Continuous cropping systems and changes in soil properties
Started August 1972, Expefimental design consists of four

consecutive yearly land clearings with four cropping systems and'fer;iliza-
tion strategics to be tested as a function of age after clearing. Changes
in soil properties associated with fertility depletion are measured. This
1s the central, long tern experiment to develop cropping systems. To date,
the first three land clearings have bcen carried (h11estones 1, 2, 3)
The fourth is planned for July 1975, In addition to yield data collection,
intensive soil and plant sampling taken at regular 1ntecva]§ monitors
" changes with ti~e. .Resu1ts-so far indicate that continuous cropping is\
economically feasible in these jungle Ultisols aﬁd thot adequate to
excellunt yields of upland rice, soybeans, cassava and pastures have
beon obtained with moderate amounts of fertilizers and lime. Personnel:
P. A. Senchez, C. E. Seubert, C. L. Lopez, H.'Villachica, C. Langley.

4. Fertility requirements for pasture production in the

dungle:

Two forage experiments with Panicum maximum are evaluating

the nitrogen, phosphorus, and lime requirewents, including an evaluation

of urea, sulfur-coated urea and Stylosanthes guyanensis as the source of
nitrogen, superphosphate and sévéra] rock bhosphates including Bayovar
" rock. |

Results of first 10 months indicate high yield levels
with low P and lime rates and a promising response of sulfur-coated urea

applications every six months. Feeding quality of forage determined by
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. nutrient analysis and in-vitro digestibi\ity in cooperation witﬁ the Animal

Science Dep
phosphorus

An addition

'Personnel:

food produc

artment. A third experinent ccmparing methods of lime and
incorporation in exhausted pastures was initiated in 1974.

al phase consisting of animal evaluation shall be inftiated.
P. A. Sanchez, C. E. Lopez, C. Langley. |

6. Fertility requirements of mu]t{ple cropping system for

tion: Contractor agrees to develop information for the second

comporient of
purposes an
cropping ef
intercroppt
corn-soybea

fertility !

. the "model farm": intensive food product1on for subsistence

d lgcal narketing. Experiments in progress 1n (a) Inter-

fect on nitrcgen fertilization x spacing ‘in corn soybeans cassaJa
ng. (b) Residue management at different fertility levels in
ns-cassave intercreppings. (c) Residue management at differen

evels in corn-coybeans-rice succession. (d) Lime response and

depth of liming in corn-covpead intercrépping and monocultures. (e) Fertility

_ requirenent

a year. (f
CIAT, IIT4,
a highly te

ani nodulat

to P, K, an
purpose is

test levels

5 for intensive cropping systems rangine from one to five crops

) Germplasm introduction and testing of mater{a1s received from

CATIE, and other sources. Preliminary results to date indicate
neficizl effect of incorporating Kudzu as green manure dn yields
jon by soybeans. Personnel: M. K. Wade, P. A. Sanchez.

6. Major element responses in principal food crops: Responses

Y e vt B o @t e 3 et 0d e

d lime by upland rice, soybeans, cassavé. and plantains. The
to.establish the necded application rates and critical soil

. Termination of field experiments will be by September 1975.
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~Completion of work shall be by December 1975, Personnel: G.S. Miner, D,

Anderson.

7. Sulfur and micronutrient requirements: The initfal continuous

cropping experiment demonstrated the existence of sulfur, boron and molybdenum
Yeficicncies in these soils. Greenhcuse tests in Raleigh confirmed these .
deficiencies and identified zinc and corper deficiencies. Field trials

started in March 1975 Data suggest' that sulfur and ricronutrient deficiencies
might be cruc111 Hiniting fartors. If so their solution with small quant1t1es
of inputs tran§portdble at low costs sceirs economically fgasib1e. Personnel:

H; Villachica, P. A. Sanchez.

8. Potential use. of Baoyovar rock phosphates in the Jungle: Peru

is reccntly beginning to mine huge rock phosphate deposits in Bayovar on

tﬁe Coast. Its potential is naturally believed to be for acid soils, most
of.which are in the jungle. Although Bayovar rock is inclucded as treatments
ih.certdin experiments in projects 4 and 5, a systematic evaluation of its
'reac*1v1by finencss and residual effects shall be carried out to ascertain
whether this prOuUCt cculd be_used effectively in the Jungle. Government
nffic1a1s have keen interest and partial f1nanc1ul support has beeﬁ

ob;a1ncd Ly D, Valverde from MINEROPERY. Preliminary greeqhouse experiments
aré in progress in Raleigh and in Lima by counterpart personnel. Field
exper1nent~ were planted in Farch 1975. Personnel: H. Villachica; G. S.

Miner, P. A, Sanchez.
9. nggjppjngﬁgﬁ_q“:mggglufﬁxmi_for continuous croppirg in the

Eaazon:  Shail be started in 1976. A svnthesis of all findings into a model
based on annual slash ard burn of 2 hcctares of which 80% shall be in pastures

and 207 in intensive multiple cropping. Shall be done with actual farmer§



10. Extrepolation of Studies
The third phase of this contract shall involve a series of field
, extrapolation studies to adapt the results alreqdy available from the
Jungle and savanna stations to other tropical areas with similar environ-
mental conditions. The results of such work will further AID's
objectives bocause (1) it will test the degree of extrapolation possible
of the results and the necessary local modifications and (2) it will
encourage direct utilization by farsers in other regions.

The Contractor will respond to rcouests from LDC 1nst1tut1ons or

USAID lissions for collahoration. Only those institutions that show a

high pr1or1ty 1ntcrest and u1111nqne<s to nako solid financial and percanne1

-

e
.

commitrments on their port shall be considered. T

To date, indications of such an interest have Qggnffgéeived from
the following institutions: A
1) - Universidade Federale Rurzl do Estado do Rio de Janeiro,
Amapa, Brazil '
?) - INIAP, Ccuador
3) - IVITA, Pucallpa, Peru
4) - Universidad Nacional Agraria La Molina, Peru
5) - Universidad de Panama
The following mode of operation shall be initiated:
1) Sclection and cvaluation of the sites shall be made jointly
by the Contractor aﬁd the host institution’s staff. This shall

involve sail characterization studies.
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2) A scries of applied-type experiments shall be designed,

These will synthesize the principal results from the main
stations.

3)  The experiments shall be conducted by personnel firom the
cooperating institutions. When appropriate they will serve
as thesis topics for graduate studies at the Contractor's campus
or other institutions. AN operating expenses shall be
borne by the cooperating institutions.

A)  Contractor's staff shall serve as advisors, and will cooperate
6% execution and intc}pretation of the work. Certain soil
and'p1ant analysis chall be conducted at Raleigh to supple-
ment Pesilts.’

5)  The coeoperaling institutions shall conduct appropriate
field days, descnstrations and other extension functions.

Personnel: S.W. Buol, P.A. Sanchez

Objective tio. 2 (As stated in Section B)

1. Soil Characterization (a) Determination of the potential ‘arra

of extrapolation in the Canpo Cerrédo by Cline and Buol. (b) Work will
continue in Llanos 0rieﬁfa1es in collaboration with CIAT. (c) and (d).
Additional studies in sites for potentiaj extrapolation,

Personn21: S.l. buol, L. Mejia.

2. Depth of lLiwing and Residual Effects. A long term experiment

vas initiated in Decanber 1972, to evaluate the effect of different

lime applications and the potential henefits of 1iming to 20 cms.depth. .
Results to date (a) indicate that deep liming is superior to shallow
Ve application because it increases root development and allows plants

to withstand dry periods tetter. Two cropé afe grown per year and
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and preliminary indications of the residual effects (b) indicate that relatively
Tow: rétes are adequate. Saoveral nore years are needed to evaluate this

effect in economic terss. Personnel:Kamprath, Gonzalez, Salinas, Maderman.

3. Phosphorus Rates, Placement and Residual Effects: A long

term experiment was planted in October 1972 to evaluate the effect of
rates, placement and timing nethnds. Results to date suggest that large
applications have a marked residual effect and that a combination of an
oriqiral broadcaest app]icatioq followed by banded applications at each
successive pngting might be fecommendab1e, but these suggestions are not
economically sound yot. Considérable.progress will be made by mid 1975
altheugh a nwch longer time span is needed for a thorough e&aluation.
Personnel: - Kamorath, Yest, Haderran, Langley. ~LDC staff: Soares, Lobatoy
Galrac.

4. Zinc Rates and Resicuel Effects: A third set of long term

experimznts was planted in Brasilia in October 1972. They are designed
‘to evaluate the rates, variety and ph interactions of zinc applications.
iResu]ts to date (1) indicate that about 3 kg Zn/ha is essential to cbtain
yiclés end that 1ining of ph 6.4 induces additional zinc deficiencies.
The residual cffecté of sucﬁ.applications shall be adéquately established
by early 1978. Personnel: Cox, Lopes.

5. Phosohate Sources - Silicete Applicetions: Field experiments

vere established in Octoler 1973 to evaluate cheapar sources of phospho-
rous includirg native rock phosphate and fused.phosphate silicates

(Ternofosfato) on a pasture grass and legume at three Time levels. Two
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greenhouse cyperiments are also evaluating the interaction between 1ime,
phosphorus and silicates with emphasis in decreasing phosphorus fixation.
“No preliminary results are available but considerable progress will be made
by mid 1976 and 1978. Personnel: Kamprath, Yost, Naﬁerman. Smyth,

Sanchﬁz.

6. Varietal and Species Differences in Tolerance to Al and low P.

A series of culture solution studies in Raleigh were conducted to charac-
terize vaviqtaf'differences in corn, rice and beans. Results to date

quantified such varietal differences and related them to differential

"‘

ability to take up and {fahéi0t5£5 pﬁo§phoius.”7n'5éfi95'of experimente
shall te installed in Brasilia to test a large nurber of germplasm for
Brazilian sources zt three levels of P and threo of excha"geab1e a1um1num
Collshoration with Cornell plant breeder, C.0. Grogran will be made.

| Personriel: Salinas, Sanchez, Naderman,'Jackson.

7. .Distribution of Properties of Cerrado S0ils: A total of 565

sarples were taken throughout the Cerredo in order to quantify the va-
“riability in chiemical prorerties. Results to date (1) indicate a very
gocd correlation betwoen several fertility barameters and native vegeta-
tion. Extrene low fertility characterizss the large majority of the
sanples. Vork shall serve as a guide for extrepolation of experimental
results. Cumpletioh iﬁ late 1975. Personne]e Lopes, CoX,

8. Chemistry and Mineralogy of Piinsphorus Fixation: Basic studies,

using‘nndcrn techniques are nceded to better understand the process of

phosphorus fixation by iron and aluminum oxides and hydroxides which 1s
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the rain fertility 1imiting factor in these savanna Oxisolsf Basic
laboratory experiments were initiated in Raleigh to understand the process.
Considerable progress will be accomplished by late 1975 and completion by
mid 1977. Personnel: Buol, Bingham.

9. Sulfurm Potassivm and Maonesium Studies: These elements are

also limiting Th these soils andiinformation in their behaviqur and
requirerients are needed. A series of experiments starting in October
1975 and terminating in 1978 shall provide the necessary’data.
Personnel: Kamprath, others.

10. ECxtrapolation Studies: The operating pattern sholl be essentially
the same as for item 10. Objective:1. Contractor will examine the situation
and help design the best limited numbe} of management combinations which
shall lead to economical field recormendations. Actual tests shall be

.fjnanced and.conducted by the local cooperators. Only those'wil1ing and
canable of conducting satisfactory adaptive research trials shall be
considered.

Management of the Oxisols uncer savanna ecology is critical in
many countries.
Collaborators:

1) “EMBBAPA, Brazil

2) CIAT, Carimagua, Colombia
-3) Ministry of Agriculture, Dominican Republic
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4) Unfversidad de Panama, Panana
Discussions shall be held with the fnstitutions and where agreement
can be reached cooperétive projects shall be established.
Personnel: MNCSU - S. W. Buoi. E. J. Kamprath, Naderman and others.
Objective 3. (As stated in section B)

1. Seoil Characterization: Soil soposequence relationship in volcanic

areas of Costa Rica completed by mid 1974 (1). Additional studies for new
experiwental areas planned. Personne1' -Buol- and assistants.

2 to 8.7 experiments in the process of comp1et10n of terminat1on by
the end of present contract period.

9. HNitrogen Management in Intercropping Systems: A series of corn-

soybeans systems were cazpared with monccultures at different nitrogen levels
to estimate efficiency of utilization and other parameters.' Results of first
set of experiments indicate significant'iﬁtercropping effect in Turrialba.
Other experiments programmad for other regions. Compleiion by mid 1978.
personnel: . Oelsligle, FcColluwa, Ros ssiter and others. '

10 to 12. Pbogphurug, Sulfur, and l1m1ng Hanagcmont in Intercropping

Systems: A proposed series of experiments to be conducted in 1mportant
jntercropped areas of Central Pnerica to determine the dynamics of P, S, Ca,
g and Al in intercropped svster's and what are the best wayénid épp]y these
nutrients or amendments. Long term experiwents in which con§iderab]e progress
is expected by mid 1978 but economnically-sound interpretations at a later
date. Personnal: McCollum, Rossiter, 0e1s1igie and others.

Objective 4. (As stated in section 2.b)

1. and 2. Essent1a11y comp1eted durlng the present contract period.
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3. Economic Interpretation of Field Results: Economic research has

shifted from the analysis of data gathered prior to the contract to analyzing
the data produced by the field research activities. It involves translating
“the agroncinic research results in economic tuorms and additional related data

such as transportation costs. Personnel: Perrin and assistants.

. 4. Fertility-Capability Classification System: The system presented
in 1971 went through prelominary eva1uat%on in 1973 and the first-forma1
version shall be published in 1975, Evaluation.of Brazilian data is also
finished. &dditiona] evaluation and interpretation shall be planned using
existing data.for experimnent sfations in the tropics aS-ﬁéll as.in the U.S.
Personnel: Granger, Pope, Buol, Sanchez.

5 and 6. Greenhouse, Laboratory and Soil Characterization Studies:

Necded to answor basic questien passed by the field'research or estimate
degree of data extrapolation. Personnel ; Kamprath, Buol, Cox, McCollum,
Sanchez, Wollum, Perrin and assistants.

7. DPublicaticn and Djstributiqg_gf_5g§g1§§; Annual technical report

and reprints of publications mailed to over 450 1nd1viduals.and institutions.



E. WORK PLAN: #1131, 1975 - Junc 30, 1978.°

OBJECTIVE ). Starting Erpect
- Date Cempletion
1. Cheracterization of Anazon Jungle soils. June 71 June 78

2. Slash-and-burn vs rochanized léndhclcaring
methods. Aug. 72 Dec. 75

3. ‘Continucus crepping systems and changes in
soil proparties. _Aug. 72 Jure 73

4. Nmtlorcn, nheczhorus and lime regquirzments
of grass and grass-leguiie pastures. Sept. 73 June 78

5. Fertility requirzucits of intrnsive
nultiple cronzing system for food crop

~production. -Jan. 74  June 78

6. Major g.er'nt resaoons2 by upland rice,
soybesns, casciva and plan tamn Aug. 74 Dec. 76
7. Suliur aid microautrient reguirencnts Feb. 74 oune 78

8. Pateatisl use of Duyavar rock phosphates .
in the Asszoen Juagle, Aug. 74 June 78

9. Develoznont oV a madel
i

21 farm for continuous
Cerepping in the fulooa Ju

Tar

Jungle. Sept. 75 June 78+
10.° Extrapolatica of razsults to oiher jungle
areas via field encrriments with cocpe-

- rating institutionz, : Sept. 75 Jdune 78+

03JECTIVE 2.

1. Characterization ¢f savarna s0ils.  Sept. 71 June 78+
2. Residuzl effzcts 57 Viming eppitcations

(including depta) in relation To ¢res _

rcqu1r:m:. s and soil moisturce. Dec. 72 . June 73+

3, Residuxl e¥72cts ¢f phosphorus fertiliza-

tion in Oxiscls of Eirasilia. Oct. 72 June 78+
4. Residual effects of zinc.tertilization. Oct. 72-  June 78

5. C0n,1r1qon of diff2-ent pnospiiorus. scurces
and silicoa cpplications to reduce fixation.
Residual citfects. Oct. 73 June 78+
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Sta: tina
.Date

Varietal and ,pzcies differences in tolerance
tv high crcherg.:dle aluninum and low avail-
able phospnsrus. Jan. 74

Distribution of soil properties in the ,
Cerrado of 3razil. May 73

Basic chemistry ar” "1.e*alogy of phos-
phorus fixation reieLions in highly weathered
SO'“.). Janc 74

Extrapolaticn of results to other Oxisol

savannz aroas via field experiments with ,

cooperating iastitutions. Oct. 75
]

eCTIVE 3.

Characterization of soils and climatic regimes
of arcas 2ifected by volcanic ash in Central v
America, ‘ March 73

Macro and nicronutrient survey in Guatemala

(concludzc). Aug. 71 -

lnrn tara P fortilinatan in Guatenziz
. . - - - e LR ] A waerts L RN )

'(trunsfcrre Eo }CIA) ' Jan. 72;

Intensive Teracs sorgnun fortilization Jor
ary scascn cantie fesning in six sites of ,
noriharn Ei Salvecor. March 73

Fertility maragiuent for upiand rice pro-
duclion in Co,.a Zica. April 73

Sulfur rc.nc:cﬂhias and developnent of ,
suliur exiraccion methous in Cosia Rica. April 73

Copper taxicity in upland rice scils
in Costa RlCc. April 73

lnécnsiVﬁ multinle cronping systams
at three feccilicy Tavel in volcanic

- .. . ¢
"s0ils of Turrialeca, COaLﬂ Qica. Dec. 72

. Nitrocen fortilization in intercropping.

and multinie coepping systoms. Four
Jocations in Costa Rxc‘. possibla in
E1 Salvedor. July 73

Expeczed
Complction

Jan, 786+

Dec.

June

75

77

June 78+

June

Dec.

'Dec.

Dec.
Dec.
Dec.

Dec.

Dec.

June 7°

76 ¢

75
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11,

12.

i >]06=

Pnosphorus fertilizer management in
tntercropping end rultiple cropping

systems., At scveral locations in

Central /aorice.

‘Sulfur fertiliiy managemant in inter-

cropping cnd 1multiple crogping systems
At several locations in Ceatral america.

Liming intercrepning and multiple crop-
ping systews. At several locations ip
Centrol Anorice.

OBJECTIVE 4.

1.

2.

L1t’ra*ure Poview (State of ‘the art)
completed, May, 1974,

Cconcmic aralysis o7 methods for esti-
mating Tertiiizer rcccizazndatiens.

chonc.i\ internrelcation of experimenial
. results and data oxtropolaticn,

ihe Tor-

7
cation systcm

Doyaionmont snd eva?uati
t11|t 3bility classiv
("Ul‘]d WiG )

Ta el
non
E

Greenhouse and laboratory studies to
help interprev ficid dets and to esti-
mate passioilitics of extrepoiaztion of
results 5 0135 o7 othar countrics or
regions {F. riivity, c.omical, and

I s¢

o micredio’ Og]LL ugies).
Location
"6. Characterizatizn studics of o;hor

7.

tropical -~coigas to heip 1nt pret

and extrasolats data.

Pub11cat1'n arnc dzsu..buticn of research -

results in two languages.

Star.inq

Date

Sept. 75

Sept. 75

Jpn. 76

June 707

Jan. 75

June 71

June 70

June 70

Dec. 71

Expected
Comgle.low'

June 78+

June 78+

June 78+

Dec. 74 -

June 78

Jpne 72

June 78

June 78

June 78
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ARYICLE I1 - CHANGES IN PFSEAPCH METHODS, PPOCEDURES, OBJECTIVES OR

- PULKOKENA UKDER STUDY

A. The Contractor may change the methods and procedures employed in
performing the research without making special réports on proposed actions
or obtaining A.I.D. approval. However, significant changes in methods or
procedures shall be reported to the Government in periodic or final technica
reports. In the event the methodolocy or experiment is stated as a specific
objective of thas research work, any changes to either fall within the scope
of paragraph, "B below.

B. The.stated objcctives of the research efforts shail not be change
except with the prior approval of the Contracting'Office;

C. The phenomenon or phanorena under study, i.e., the broad catenory
of research, shali not be chienged exzenl with the prior'aﬁprova] of the Contracting
OFficer

ARTICLE 111 - PERICD OF CC.fPACT SERVICES

The effective date of this Contract is date of Contracting Officer's
signature as shcwn on the cover page, and the estimated comiletion date of
vork, including finzl report(s), undor this Contract is 056-29-78.

ARTICLE IV - ESTIMATED CONTRACT COST ANy FIMANCING

The Cuntractor will be reinbursed for the costs incurred by him in
pcrformlng services herceunder in accordance with the app11uablc prov1s1ons

'of the Schzdule and the Gcnera] Provisions, subject to the following

limitation made in respect thereto:



NOTE:

- ‘la-,. .

Total A.1.D. dollar funds available for payment

and allotted. to this éontract. See the clause

of the General Provisions entitled “Limitation

of Funds" and the article of the Schedule en-

titled "Budget", 1f applicable. $424,000
Estimated additional funds which may be

provided, if funds are available. See the

clause of the General Provisions entitled .

"limitation of Funds" and the article of the

Schedule entftled "Budget", if applicable. $15234,4368
Total Estimated Contract Cost ¥2,058,308.

It is estimated that the aforesaid amounts will

be sufficient to cohplete.the work required hereunder

as set forth in the Schedule article entitled

"Statement of Work".
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ARTICLE V - BUDGET

FagT;B:ggstFunds) gﬂﬁ%ﬁitEd E:::;ated Cast
categortes T0:1 -31- T0:03-3178 © T0:03-91-0
Salaries & Wages $ 174,714 $ 559,666 $ 734,380
fringe Benefits 20,063 64,267 84,330
Overhead: '52,710 168,851 221,561
Consultants -0- -0- -0-
Other Direct Costs - -31,500 -100,905- - 132,405
Equipment, Materials .
Supplies 51,000 100,320 151,320
Travel, Transportation | ,

Allowances 96,013 240,359 336,372
$424,000 $1,234,368 $1,658,368.

ANTICIPATORY COSTS

1. The allowable cost of performance of this contract shall include all
allowable and allbcable costs which have been incurred by the Contractor
in anticiﬁation of this contract on or after 4-1-75 but prior to the
execution date hereof, and which, 1f incurred after the date of this
contract would have been considefed as items of allowable and allocable
costs under Article VII; provided, however, that such anticipatory costs
shall not exceed $71,555. unless such amount is subsequently increased

in writing by the Contracting Officer.



2. Within the terms of the contract and within the grand total
of the firm budget the contractor may make expenditures and may make adjust-
Aments in line items to achieve the objectives of the contract. With respect
io the projected budget periods under the contract .and within 6 montﬁs before
the end of firm budget period Contractor shall submit to A.1.D. for approval
a ﬁroposed new firm budget for the year (or other agreed upon period).
ARTICLE VI - COSTS REIM3URSABLE TO CONTRACTOR

The United States dollars costs allowable under the contract shall
be limited to reasonable, allocable, and necessary costs determined in
accordnace with the Clause of the General Provisions of this contract
entitled "Allowable Cost, and Payment."

ARTICLE VII - NEGOTIATED OVERHEAD RAfES
A. Establishment of Postdetermined Indirect Cost Rates

Pursuant to the clause of the General Provisions of this Contract
-entitled 9Negot1ated Overhead Rates - Postdefermined", a rate or rates shall
be éstablished for each of the Contractor's accounting periods during the
térﬁFOfnﬁhe-Contract. Pending establishment of final indirect cost rates
for:the initial period, provisional payments on account of allowable indirect
cos{s shall be made on the basis of the fol1bw1ng provisional rates applied

to the base(s) which are set forth below:

Rate Base Period
_On Campus . 47.01% Salaries & FROM: 4-1-75
Wages T0 : 1=31-76
Off Campus 21.47% Salaries & FROM: 4-1-75

Wages 0 : 1-31-7%
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Postdetermined indirect cost rutes for subsequent periods shall
be estublished in accordonce with the terms gfwtpe.“Negotiated Overhead
Rates - Postdetermined” clause of thic Contract.

ARTICLF V1II - REFCRTS
One hundrcd copies of the Annual Report of the project shall be prepared
and subaitind io EID/N (TA/AGR) within 45 days after the anniversary date
of the contract. Preparation and distribution of the Annua1 Report
shall conforn to the Guidelines for Preparation of the Pesearch Annual
Report (Attachuent A).
ARTICLE 1% - SPLCIAL PROVISIGNS
.. A, Prior to narinﬂ any visits to LDC's, the Contractor shall review
its plav; with TAMRGR.  Contracier chall kecp AID Missions in countries
to be visitc fully 1rforrn” of proposed visits, ask them to provideAany

advice they wich and to part1c1p tn 1f »he dcs1le, and shell inform the

_Miss1ons of the outcowe of consu]tat1ons Lontractor <ha11 make its own
appointments and logistics arrangements directly.

8. Upon completion of any project fundgq;travely a copy of the trip
report shall be provided in TA/AGR.ProjecpiEonitor.; The_report formnat
shall be established joinily by the fontractor apq:;he,Projcct Monitor.

€. In accordance with paragraph (2) of Additional General Pfovision
No. 3 entiticd "Persoﬁnel", whereunder the Contractor may not send individuals

outside of the US. to perform work under the contract. w1thout the prior

written approval of the Centracting Officer, the Contracting Officer does,

hereby, provide said approval for those individuals required to travel outside
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United States; provided, however, that concurrence with the assignment and/or
travel of any and all said individuals outside the U. S. is obtained, in
writing, from the Cognizant Technical Office of A.1.D. prior to their
assignment and/or travel abroad.

This approval hy the Contracting Officer, shall not apply to any
olher clause or provision of this contract which specifically requires
Contracting pfﬁjcer approval.

Affer approval of the proposed international trave1, the Contractor
shq11 provide'the’cpgnizant USAID mission advance notification, with a
copyto the Contracting Officer, of the arrival date and flight identifications

of AID financed tivavellers.
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c. Artig]g.v = "Budcet”. Delete the budget schedule and substitute

in lieu thereof the budget schedule shovn as Attachment A hereto.

d. General Provisions and Additional CGeneral Provisions. Effective

Decemter 1, 1975 the parties egreed to the incorporation of Genera) Provision

AID 1420-23¢ (7-75) and Additional General Provision AID 1420-23d (7-75).



Attachmont A
Budget Schedula
Contract AID/ta-C-1236

Actual Projectad Total

Excerditures  Budact Estimated Cost

FRO4S0T-75 - FREC2SUIST78 FRG0S-01-75
Cateqories 10:01-31-76  T70:12-31-76 T0:03-31-78
Salaries & tlages $174,714 $217,220 $ 734,380
Fringe Benefits 20,063 28,340 84,330
Overhead - 52,710 73,830 221,561
Consultants -0- -0- -0-
Other Direct Costs 31,500 15,080 132,405
Equipment, laterials ,
Supplies ‘ 51,000 76,500 151,320

Travel, Transportation .
Allowances 96,013 v2,200 336,372

$424,000 $500,000. $1,658,368
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The purpose of this amendment is to correct the itemized budget.

_This contract as previously amended is hereby further amended as follows:

Budget - Delete the itemized budget shown as "Attachment A" ana

1. Article V.

in lieu thereof insert the following:
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"BUDGET

Funds Available Funds Available Estimated Total Contract
(Obligated Funds) (Obligated Funds) Additional Cost Estimated Cost
to Comoletion

~FR: 04-01-75 ~ FR: 02-01-76 FR: 01-01-77 FR: 0n4-01-75

Categories T0: 01-31-76 T0: 12-31-76 TO: 03-31-78 T0: 03-31-78
.alaries & Wages 174,714 $217,300 $342,366 $ 734,380
—ringe Benefits 20,063 28,340 35,927 84,330
verhead 52,710 73,880 94,971 221,561
_onsultants -0- R P R ¥ -0-
~ther Direct Costs 31,500 15,080 85,825 132,405
:nuipment.'Materials. &

Supplies 51,000 - 76,500 23,820 151,320
ravel, Transportation |

Allowances 94,013 88,900 151,459 334,372

$424,000 $500,000 $734,368 $1,658,368"

———
\.
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North Carolira State University %«W“‘/

Paleigh, Liorth Carolima 27607 oy, Lol

Bubject: Amendment No. 1 to
Contyract Ko, AID/csd-2006
Pursuant to the authority contained in the Forelgn Aesistance Act of
1'561, as ancnded, end Executive ordéf W», 11223, the gubject contyact is
l.m'eby gnended, effective Decembér 31, 1971, as follcws':. |
Article VI - Tudret, delete the dates "12/31/71" end “1/1/72" and

in licu thorecf insert “3/31/72" end "4/1/72" respectively.
Except as hei'eby expressly anznded, the subject contrect remains in

#ull force snd effect in accordance with its terms,

- URYTED- STATFES-GF-ANERICA—

BORTH CAFOLINA STATE UNIVERSITY | AGENCY FUR- IFRATICFAL DEVELOHERT
v [ s pert O . ay | SRS & v
"PRIRTED KAV /A. H. Shepard, Jr. PRIVTED NAME K. A; Caticehio
oL Asst. Vice Pres. & Treas. . TITIE Contmcting Officar

JAN 5 1872

. DATE Z72-3/-7/ DATE




DEPARTMENT OF STATE

AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON, D.C. 20323
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North Carolina State University BY Ezg C2) o A2 e
Raleigh, North Carolina 27607

Su'bj.ect: Amendment No, 2 to
Contract No., AID/csd-2806
Pursuant to the authority of the Foreigh Assistance Act of 1961, as
amended, and Executive Order No. 11223, the subject contract, as amended,
ﬂs hereby further amended as follows:.

1, Article ViIT - Establishment of Overhead Rate - Delete in its

e?tirety and substitute the following in lieu thereof:

A, Estabiishment of Overhead Rate

Pursuant to the mrovisions of Gcneral Provision 10 of this
contract entitled 'Negotiated Overhead Rates', the following final overhead

{
rates have been negotiated for the period and base set forth below:

To: 6/30/71

¥Distribuiion Pase: Direct Salaries and Wages including vacation

Pefiod On-Cmmpus Off-Campus
Fra 7/ 1/70 U7, 002 21, L7

and sick leave,

B. Eslablishnent of Predetermined Indirect Cost Rates

Pursuznt to the yrovizlions of Cluuse 10 of the General

Provisions, as amcnded' below, the following predetermined overhead rates



.ABVe been agreed to far the pericd and base set forth below:

Period | On-Campus Off-Campus
Prs 7/°1/n -

*Distribution Base: Direct Salaries and Wages 1nclu&1ng vacation

and sick leave,

C. For the ensuing -periods the following provisional rates

shall apply:
Period .bn-CamEgs Off-CamEus
Fri 2/1/7 47,01+  2L.lggx

To: Until Amended

*Distribution Base: Direct Salarie. .ng Wages including vacation

"amd sick leave.”

2, General Provisions - Clause 10 - ‘dd the following sub-paragraphi

“(g) Indir-ct Costs (Overhead) Predetermined

Notwithstanding the provisions of any other clause of this
contract, the allowable indirect costs under this contract shall be obtained
‘ bw.applying predefermined overhead rates to bases agreed upon by the parties.
a8 specified below:

(l) The oontractor. as Soon as possible but not later than
three (3) months after the expiration of his fiscal year, shall submit to the
Contracting Officer, with a copy to the cognizant audit activity, a proposed
predeternined overhead rate or rates based on the cont*actor s actual cost
.experience during that fiscal ycar. together with supporting cost data,
Negotiations of prudetcrmined overhcad rates shall be undertaken as Promptly

a5 practicalle after receint of the Contractor's proposal,

-2



(2) Allowability of costs and acceptablility of cost
allocation methods shall be_determined in accordance'uith the_provisions
of Subpart 1-15.3 (Principles for Determining Costs Applicable to Research
and Develcpment under Grants and Eontracts with Educational Institutions)
of the Federal Procurement Regulations as in effect on the date of this
contract, as amended by Office ‘of Management and Budget Circular A-21,
Revised,

(3) The results cf each negotiation shall be set forth in
a modification to this contract. which shall specify (1) the agreed
predetermined overhead rates. (ii) the bases to Hhich the rates apply,

(111) the fiscal year unless the parties agree to a different period for
which the rates apply, and (iv) the specific items treated as direct costs |
or any changes in the items previously agreed to be direct costs.

(4) Pending establishment of predetermined overhead rates
for any fiscal year or different period agreed to by the parties, the
contractor shall be reimbursed either at the rates fixed for the previous
fiscal year or other period or at billing rates acceptatle to the Contracting
Officer subject to appropriate adjustment when the final rates for that
fiscal ycar or other period are established.

(5) Any fallure by the parties to agree on any predetermined
overhead rate or rates under this clause shall not be considered a dispute
concerning a question of.fact fcr declislion by the‘Contracting Officer within
thc meaning of the "Disputes” cl.use.of this contract., If for any fiscal

ycar or other pcriqd specified = the Schedule of this contract the partics

3=



fall to agree to a predetormined overhcad rate.or ratea. it is agreed
that the allowable lndlrect costs under this contract shall be obtained
by applying negotiated final overhead rates in accordancelwith the terms
of the “Indirect Costs (Overhead)" clause set forth in 7-16.952 of the
‘Agency for Interpational Development Procurement Regulations as in
effect on'the déte of this contract.

i(6) - Allowable indirect costs for the period until the end
of the contractor's fiscal year during which pegformanee begins shall be
obtained b& applying the ppedeeermined overhead pates»sét forth in the
Schedule to the bases set forth therein.”

Except as hereby expresslyvamended.fsubject Contract remains unchanged.

NORTH CAROLINA STATE UNIVERSITY . .. UNITED STATES OF AMERICA
J|AT RALEIGH ~AGENCY FOR INTERNATIOHAL DEVEIDPVENT

BY % Y e (A o 2l Q. étfw/«_

A H. Sh(.pdl‘d Jr. 76’ EP
TITLE Asst. (ice-Pres. dc&reas. - TTTLE "~ d41§-r’ Cg;ﬁauhx

‘ 7 IO 1
mwe__ 2 Jox 12 o PR E W72




DEPARTMENT OF STATE

\GENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON, D.C. 20323
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Subject: Amendment No. 3 to
Contract No. AID/csd~2806

North Carolina State University'
Raleigh, North Carolina 27607

Pursuant Lo the authority contained in the Forelgn Assistance Act of
. 1961, as amended, and Executive Order No, 11223, the subject contract
{s hereby amecnded as follows:

1. Cover Pasze

A. Cogninant Sclentific/Technical Cffice, delete “TA/AGE"

and in lleu thereof insert "TA/AGR".

B. Accounting and Acoropriation Data, add the followins:

PIO/T No. 931-17-120-525-73-3127568
Appropriation lNo. 72-1121004
Allotment No, 254-31-099-00-22-91

2. General Provisions, add Supplement No. L (November 1970)" to

AID Fora CT/CP/BED, 3-67 (AID 1420-10), R & D ATTACHMENT A, and General
Provision Nos, 52,53, and 5h (ATTACHHERT B), which are attached hereto

and made a part hercof.

e s 1M ey Y

3. Article ¥ - Bstimated.Cost, delete the figures "£339,000" ard 4_\x

w$747,000" and in lieu thereof insert "$503,360" and "$566,6L0", respectively.,

4, Article VI - Duczmet, delete the itemized budget'ln entirety. and

"in lleu thoercof jnsert the follouing:'



Actual & Estinated Fira . ‘Projected  Total

R e — R R

Tor 3/31/72 To13/31/73  To:6/30/75 To:6/30/7:
s & Vages $116,862 $137,763 $259,800 $ 5iﬁ.u25
n;53° Benef1ts 11,649 18, 566 25,074 55,289
overhead 54,961 - 54,862 103,914 213,737
consultants 3,750 -0 - 23,250 27,000
Othor Direct Costs 3;%38 . 15,409 26,853 46,000

Bquipmeﬁt. Materials .

and Supplies 16,331 26,000 57,834 100,165

Travel & Transportation
(including Allowances) 16,06 27,400 69,915 113, 28"
§22§ : 360 $280,000 3565, 6%0 51,070,570

5. Article IX - Personnel Conpensation, A, Limitations, delzte "S5,

Consultants” in entirety and in lieu thereof insert the followlng:

5. Consultants

No compensation for consultants will be reimbursed unless
‘their use is authorized in the Schedule or has the prior written approvai
of the Contracting_Office;; aq@ if such provisioq has beén made or authoriza
tion given, compensation shall not exceed (without specific approval of the
rate by the Contracting Officer) the current daily compensation or the
‘highost rate of annual compensation recelved bf the consultant during any

full year of the immediately preceding three years.

There 35 a celling on reimbursable compensalion for any con-
sultant. That ceiling is the current maximum daily salary rate of an FSR-1.

A dally rate may be determined by dividing the maximum annual salary by

“2- 2% -
. . (,D



rgs No consultant may be enployed at a rate in excess of the
P.11ng nor for more than 90 days in any twelve month period without the

.JQ.nce written approval of the Contracaﬁng Officer.

6. Article XI - Reports A., Annual Report, add the following

sontenco!
The annual report shall be prepared in accordance with the

attached "Culdelines for Preparation of the Research Annual Report,

‘January 20, 1972".
7. Article XII - Additional Clauses

A, Uncer "A." add the following:
1. VWhenever the words, "Subpart 1-15.3 appear add the words

“and OMB Circular A-21, as’rev;sed".

2. Wherever Subpart 1-15:3 and OB Circular A-21 conflict,

OMB Circular A-2)1 applies.,

B,  Delete Clauses "G.", "I." and "Ki" in entirety. These clauses

are now incorporated in the attached Supplement No. L,

C. Delete Clause fJ. GCovernnent Proverty” and in lieu thereof

insert Attéchment C entitled "Governnent Property Clause for Cost-Reinburse-

ment Contracts with Nonorofit and Educational Institutions (7-13.705)"

which is attached hereto and méde a part hereof,

D, Add the following-new clause:

Speciai Provision Rerardinsz General Provision Mo, ]

L.

In accoxdance with paragraph (a) of General Provision
No. M) ontitled "Personnel”, whercunder the Contractor may not send invi-

duals outside of tho United States to perform work under the contract without



yor written aporoval of the Contracting Offlcer, the Contracting
'_:,r doos, horoby; provide sald appréyal for those individuals required
‘,gtavel outslde the United Statcs; provided. hoyever, that concurrenée‘
yith the asslcnmcnt and/or travei of any and all said individuals outside
gﬁo United States 1s obtained, in writing, from the Cognizant Technical
orfice of AL.D. prior to thels assiznment and/or travel abroad.

This approval by the Contracting Officer, shall not
apply to any otﬁer clause or provision of this Contract which specifically
yequires Contraciing Cfficer approval.

Ihcopt as hereby expressly amended, the subject contract remains in full

{force and effect .in accordance with its terms.

UNITED S”A?ES’UR AMZRICA

'NCRTH CARCLIVA STATZ UNIVERSITY AG”HCY "07 IITERNATICHAL DEYELOPMINT
s - N
BY ATVt 7 .. BY , Z /{/_,Z@u
!/ /I Te—
PRINTED LANS A. H. Shepard, Jr. PRINTED NAMZ V. C. Perelli
TITL: Asst. Vice-Pres. & Treas. TITLS Contractin% Cfficer

" DATE S oy T2 DATE apR 2 0 1972




DEPARTIMENT OF STATE

AGENCY FOR IRTERNATIONAL DEVELOFMENT

WASHINGTON, D.C. 20:2)

JN 29 570

North Carolinn State University
Raleigh, North Carolina 27607

Attention: Jack Rigney
Dean of International Programs

Subject:

Gentlemen:

Reference

North Caroline Sizte University
Contract AID/csd4-2306
PIQ/T 931—17—1?0—525-73-3102731

is made to Articls V and Article VI of the

Schedule of sybjesct contract.

Pursuant to Article VI of this contract ihere is
hereby sllocuted to said contract the additicnel U.S. Dollar
sum of fixtesn Thousand [ollers (516,0C0), thereby inerezesing

the odligated fundo

for commitment under subject contracsy by

snid emount, ond thereby incressing thersundoer (in accordance

with sal¢ Article

Vi) the totel obligeted funds for commiiren

to dete from Three liunired and Tisnty-three Thonsand dollars
(¢3°3 0G0) io Three Hundred and Trirty-nine Thousanrd dollisars

(:339 000).

Sincerely ycurs,

: q"’\‘ srondica. L;\

’ N b

cgntmc“u «:‘n@ bfricer
Contract Services Division
Office of Procurerunt

FITDS AVAILABLE

St e o i o e e - — - - --
ace - o
i . _G\s '-:/f: '.') /_ 7y ¢ ',/ — C}:J - 2
>, T
R, ﬁf{_ 2, oo, M)
) '.’ l ———aa
L . "l s /’//"/
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a & )pee /e ,)5&»:;

t
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< BTLBIRD i o= "
DEPARTMENT OF STATE - §§f & TRU

teaae,

AGENCY FOPR INTERNATIONAL DEVELOPMENT /
wASMINGTON. D.C. 20323

North Carnltnﬁ State Univorsity
Raleigh, lort Carolina 27607

Subject: Amcndmeal Ho. 5 0 28080
vontract Ho. ALD/cnd-e 00
—

Pursuant to the authority contained in the Forcirn Assictance Act ol
196k, as anended, and Execut{vc Order lo. 11223, the subject coatract

1s hereby anended as £o0ll0WS:

1. Cover Pages
A. Accounting and Appropriation Data, add ihe following:
PIO/T No.: 933—17-120-525-73-3137ﬁ68. |
hppropriation No.: 72-1131004 |

Allotment No.3 354-31<099-00-22-31

B, Delete the words "and the General Provisions (Fora CT/CP/RID,
3-67)" in antirety and in lleu thereof insert "the Cerexal Provislions,
Form AID 1420-41C (7-72) and Additional General Provisionz, Form AID

1420-41D (7—?2). which ave attached hereto and rade a part Lereof."”

2. Table cf Contentis, the General Provisions. including any medifica-

tions and/or revlsioné thereto, are heraby deleted in entirety and

replaced by the above-mentloned-céneral and Additional General Provisions.

9. Article V - Estimat23d Cost, delete the figures "£503,360" ard

n3066,600" and in 1ieu thercof insert »$743,360" and n$321,640", respecs

tively.

b, Ariisla VI - Budget, delete the budge® in entirety and in ilew



thereof insert the following?:

BUDGET
[ )
Actual and
Estinated Firm Projected Total
Expenditurcs ~udget budeet -~ Budget
1 7-1-70 Tr: U-1-73 Pe:  h=2-?h Fr: 7-1-70
Caterory Tor 3=)i-r3 E3 3-31.-7% Yoz Loy 3y Tog (-0 0"
' 15
Salaries &
Vages $221,186 $167,233 $1c0.,006 $ Y NPY
Fringe Bene-
fits 19,919 18,308 17,062 55,289
Overhead 97, 70k 57,736 58,257 213,737
Consultants 3,950 -0- 23,050 27,000
Other Direct 15,467 8,783 21,750 46,000
Costs ' ' :
Equicment,
Materials & _ .
Supplles 36,621 126,000 37, 544 100,165
Travel &
Transportation
-(1ncluding . _
Allowances) 35,410 10,000 17,971 113,00
130,300 318,000. fiyel i 31,070,002

5. Article XTI - A3djtional Clauses, delete in eatirety and in lieu

thereof‘insert the followingZ:

"Article XII - AdAl tiona) Clauses and Modifications to the

 General and/or Additional General Provisions:

————

A. All reference to "Fixed Fee" 1s hereby deleted.
e

B. Delete all reference to "Subpan® 1-15.2 (Principles and

Procedures for Use in.Coat-Rgimbursement‘Type Supply and Research



=3-

Contracts with Commarcial Organizations)® of Lhe Federal I'rocurement
Regulations and in lieu theraof insert "Subpartl 1-15.3 (Principles for
Determining Applicable Costi under .Regearch Contracty with Lducatiuna
Institutions) and O%B3 Circular A-21". iihen there 35 a ct;nflict botwean
043 Circular A-21 and Subpari 1-15.3 of the Fi'li, the provisions of O3

Circular A-21 shail prevall.

C. Delete Ceacral Frovision No. 2} enbtitled "lovmination fur
Default or for Convenicnce oi the Government” and in lieu thercof inuert.
Attachment A entitled "Termination for the Convenieace of Lthe Governnent”

wnich is attached hereto and made a part hercof.

D. Salary Adjustment on Termination. In the event Contractor’'s

services are terminated gy A.I.D. pursuant Fo Schedule Article XII-C,

or in the event that an employee's services are* terninated by the Con-
tractor at the request of A.I.D. or of the Cooperating‘Country'for reasons
other than nisconduct. Contracter will be reimbursed for salary  payments
under its‘agreements with such staff,members, provided that such staff
members are not oiherwisé galnfull} eqployed during the compensable
period following such termination or, if gainfully employed but at a
lesser compensation, payments ﬁill be made to equalize the difference
between such lesser compensation and the employee's salary (excluding
overéeas idcenttve. differential and allowéhces) and provided further,
othat such payments shall not exien& beyond one year from the date of the -
omployee s termination, or the date on which this contract would have

e et

expired but for—te*mination. uh cheve;;is.earller. Concractor agrees

to exert its best efforts to minimize. costs under this provision.



6~

L. Add the "Pricc Certification” and the "Notice of Maximunm

-Permissible Escalat.l.or'x- in'.':‘lage and Price. Standards” whibh are attached

hareto and nade a part hereof.

Except as hecreby expressly amended, the subjuct contract remalns in full

force and effect.' in accordz{nce with its terms.

NORTH CAROLINA STATE UNIVERSITY

PRINTED Naiz A« He Shapard, Jr.
orrie ASSt. ¥ics Pres. & Treas.

DATE 2 - 2Y-73

OF ANRRLEA
DEVELO SN

<

UNITED STATi
AGENCY FOR \[ii7

PRINTED Nidiu V., €, Perelli

TITLE Contructinz Offizor
FEB 2.

DATE




EP~4 | Creof l;b

MANUMLY rUM s, ARY 1vee raur 1 e

SIMgaL stavices apministmanion | AM.. \ENT OF SOLICITATION/MODIFICA:.. OF CONTRACT 1 =

MO PLIC P55 w4} CIRL 1-1410)

1. AMINUMENT, MODINCATION NO 23 tHECuvE DaTt 3. REQUISITION 7PURCHASE REQUEST NO 4. PROJICT NO. 1 Uy wppNnaNe )
Anerdnent No. 6 See Block 19| 931-17-120-505-73-3147575 |

$. 1S3UL0 BY CUDE 6. ADMINSTERED 8V (If other than block 3) €one l
U.S. Department of State
Agency Tor. Internztional Development
SER/CM/COD/TAB :
Washington, D.C 20523

7. CONTRACTOR CODE l l FACILITY CODE ' 8.
" NAME AND ADDRESS AMENOMENT, OF
™ = [ souciation no.
North Carolina State University

. DATED (Ses bleck 9)
( Strees, city,
and 51~ Raleigh, North Carolina 27607 conteact/oroee no, AID/c 5d-2808
Code)

L_ _l oare0 8/26/T0 __ (see biuck 1)

l:'g',!’!zy

P

9. THIS BLOCK APPLIES ONLY TO AMENDMENTS OF SOLICITATIONS
D The cbove bered 1olicitation is ded os set forth in black 12, The hour and dan specified far receipt of Offens D i extended, D is not extended,

Offerons must acknowliedge recerpt of this amendment prior to the hour and date pecified in the solicitation, or o3 ded, by one of the following methods:
{o}) '.y sigming and returning copies of this d : {b) By ocknowledg ., receipt of this omendment on eoch copy of the offer submitied; or {c) By seporote letter or telegram
which includes o reference to the soli ond amendment b FAILURE OF YOUR ACKNOWLEDGEMENT TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND
OATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If, by virtue of this omendment you denre to change an offer alreody tubmifted, such change moy be mode by teleg:om
or leMer, provided such telegrom or letler makes reference to the solicitati ond this dmens, and is received grior o the opening hour and dote specified.
10. ACCOUNTING AND APPROPRIATION DATA (I required)
APPROPRIATION SYMBOL: 72-1141004 PIO/ T No. 931-17-120-525-73~3147575
ALLOTMENT SYMBOL: L45L-31-099-0G.-22-41 ($279,999.84)
1. THIS BLOCK APPLIES ONLY TO MODIFICATIONS OF CON RACTS/ORDERS
{a) D This Change Order 1 itived p to

The Chonges et forth in block 12 are made 10 the obcve numbersd contract/ondar.

(1Y) D The obove numbered comract/ordar is modified to reflect the odministrative chonges (wuch o3 changes in poying o¥ice, oppropriation do'a; efc.} set forth in block 12,
{c) m This Supplemertal Agresment is antered into purtuant to outhority of the FOTEign ASSlStance ACt‘ of 1901: H ‘o‘ M ];‘?%

 madifies the abave aumbered controct o set furth in block 1%,

1

12, DESCRIPTION OF AMENDMENT/MODIFICATION
The purposes cf this amendment are to increase the emount of funds obligated and to

provide a Work Plan for the period April 1, 1974, through December 31, 197k. Trerafore,
‘ . CERTIFIZD A TRUE\COPY THIS _
¢ 77 oay OF..4, z_., '5/9/

. . - '/
l. Cover Page BY '/ > ....([:Zd.au_/._

~

L]
the parties agree to the following changes,

.

A. Add the following Accounting and Appropriation Data:
PIO/T No. : 931-17-120-525-73~3147575
Appropriation No.: 72-1141004
Allotment No.: 454-31-099-00-22-41

B. Delete the figure $1,070,000 and substitute "$1,226 »337.84" in 1ieu thereof.
2. ARTICLE T - STATEMENT OF WORK

The Statemont of Work is supplemented so that the Contractox égrees to utilize the

Eacopt 88 prawded herain, all terms ond condhons of the document referenced block 8, as heretofore changed, remain vnthanged end | force any sMect

13, ——— s e
Ea' ::gusr'z_’uacl&:;cggcﬁzl! ':Sl NOT RtQuitto E] CONTRACIOR/OFFEROR IS REQUIRED TO SIGN THIS oocuuzy/mo REWUEN f—— COPILS 1D 1SSUNG OV

e e’ \ e = n

14 Namg metcuonioll €. State Univ. at Raleigh |7 vnieg

STATES OF aM(nCA

(12 < Koy e - (%} J—7 & - .
(SgranigBl petson oulhenied 1 uga} B ,gr’ e 5’&"("’—0""'
1S NAMI aND TihE Of SIGNIR (Topr o7 promi] 16, DATE SIGNLD 18. Name Of ACTING OHICER ( spr ar print) 9 OME SNt

A. H. Shepard, Jr. -
Asst. Vicg-Pres. & Treas. 6-24 74 Yo €. Pore11t JUN 2 01072
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Work Plan shown herein as Attachment A as a guide to the activities
performed in the period April 1, 1974 through December 31, 197h.

3. ARTICLE V - ESTIMATED COST

A. Delete the figure $1,070,000 and substitute "$1,226,337.84" in
lieu thereof.

B.‘ Delete the figures "$748,360" and "$321,640" and in lieu thereof
insert "$1,028,359.84" and "$197,978.00" reépectively,

L, ARTICLE VI - BUDGET

Delete the last previous budget, and insert the budget shown

herein as Attachment B - Budget Schedule,



Contr * no. AID/ecsd-2806
Amendwn .o no. 6

Attachment A Page 1 of3

Agrononic-Economic Research on Tropical Soils
ilorth Carolina State Univeirsity
. AID/csd~2€006

Work Plan Apri). 1, 197, - December 31, 1974

The following is a summary of the activities to be performed in the nine months
beginning April 1, 1974. Completed work on which current subprojects rest is not
reported, Likewise, worik which is the logical outcome of project activities
scheduled for the current year are not described, In most cases the prineipal in-
vestigator is indicated. The exceptions are in those cctivities which will in-
volve almost 1l members of the staff on a continuing and predistably »D Hoc
basis.

A listing of activities follows. Reference numbers ere derived from the IY 1973
vork plan.

1.2 Long-term cron resnonse to P'in'Guatema]g:--Establisﬁed;< To be conducted
by ICr4 stuff, rroject staff limited to advisor role.

1.3 Motiple Cropping in Coste Hicas Tests several cropning sequences involving
2~3 crops yer yeo r (beans, corn, rice, so‘beans, sorghum, cassava, pastures and
forage). This ce tivity has highest priority ia Centrel dmerica; will be stressed

for full nine months and beyond (b. D. Oelsligle)

1./ Torage Fertility lManagement in Tl Szlvador: Continued as planneé., Will test
five-levels of u, £, and n fertilization on pasture grass and foragc sorghum. (D. I,
Oclsligle).

1.5 Fertility inpgement fo L Unlond tice in Co iicas A more intensive study of

fertility management with rice in sup-ort of uuall farm activities, Coatinuous.

1.6 Stuiies of To:dcity of .lesidual Co“-er. Greenhouse studies arc in srogrecs.
Field expericments planned for falmar dure. Treatments snd designs hinge on out-
cone of curr.nt rescarch, WNine month activity. (F, R. Cox)

2.1 Linin~ C-moo Corrniio soils: This will be continued and expanced curing the
period to 1nclude iore crops. Liring/phosphorus interactioas WLll be folloveu wiier
controlled conditions in the grcenhouse, (2. Gonzclez and £, Jo .omproth

-~

2.2 rhosvhorus in the Carrcéo: The vresent experiment at Erasilia will be con Iasad
through tic third cnu lourth crops. Corn, uolonu rice und possibly whiat vill be
planned on these vlots. 4 new e:ncr_nent using less expensive sources of unouvho;uu
and solutle silicstcs will te followed throughout the Periods (R, . Yost rnd L. 4.

Xemprath)




2.3

2.4

2.5

3.1

3.2

3.3

35

bed

42,

Attachment 4
Page 2

4iac for the Cerrado: Laborstory analyses of samples from earlier experiments

and irom the field survey will be completed during the ne:xt nine months.
Additional experiments will be started during 1974, to be based on the re-
sults of the soil analyses. (A.S. Lopes and F.R. Cox)

Varictal Differences in Tolersnce to Acidity end Drough: Field work is ex-
pected to start. Linl is the principzl source of the sorghun
selections, (J.G, Salinas and P. A, Sanchezg

Soil Fertility iManapement tor Upland liice in Cerrado: Probable beginning
in early 1975 but depend:nt oa counterpart supmort. (J,G, Salinas enc P,a,
Sanchez ) '

Lond Clearing Methods in Yurimosuas: In situ and laborary assessment of Gif-

ferent methods oi land clearing will continue throughout the period,
(C. E. Seubert and P. A. Sanchez)

Characterlzation of Amazon Jungle Soils: Chemiczl, physical and instrumental
anzlyses ol solls samples from the upper Anazon region will continue through-
out the pericd (E.J. Tyler and 3, W, Puol)

Fertility Requirements for ifultinle Crovoing Systems in the Junzle: Crop
and veriety evaluation is in nrogress and will continue, i'ield crperincnts
will be started in 1974 znd continued until conclusive results have been oo-
tained, (Mo K. Wade and P, A. Sanchez)

Soil Fertility lianapgement for Unland .dce in the Jungle: A cooperative acti-
vity largely cependent on reruvian counterparts. Continuing. (%. & Seubert,
C. £, Lorez und ¥¢ A. Sanchez)

Fertility fecuirements f'cr rasture rroduction in Junsle Remion: Centinuing
cctivity and ey to vermcnent land dcvelownent in zone. (C. . Lorvez and
Pe A, Sanchez)

Characterization of Tropiczl Soils: Ongoing activity is direct sup-sort to
other rescarcn activitics end To serve as o guide to the utilization of the
results of fertility resecrch. (a. Alverado, . imevar and S, if, "Euol)

Preof and Refinement of Fertility Capability Clessificetion: An ongoilg
ectivity grouping and categorizing soils according to their prorerties :nd
and nreéicteble responses. an activity closely linked with irtein arerles.
Soil Testing nroject la-546. (. 4. Urenger, S... Buol, F.., Sancrez rxd
R. B, Cate)
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4¢3, 4.4 and 4.5 Loborntor Characterizatior of Soils from Zeolozical Zones in
which Currcnt .Zeriments are in Frozress: ‘Chese centinuing supvort acti-
vities will shcd lizat on ricronutrient balances, soil acidity-aluninun,
inter-rclationshiys and phosphate reactions within the soils. (s

(A1 project
steff will be involved in some phases)
48 and 4.9 Xcononic Analysis of Cron-Fertilizer Resnonses: These contizuing

. activitics are providing guide lines for currcnt
the project and assessing the probablity of irmed
results of' this project and from other resecarch in the region, Initial pnase

will be concluded during 197/ tut general type of analytical work will con-
—tinue, (S, Change and R. i, Perrin)

and future resesrch on
iate utilization of research

‘The woriz plan'es nresented is a guide and reflects det

aiied preplanning. It is
not to be considercd immutable or as an abgolute speci

{ication of periormences



Catego_x_-z

‘Salaries and Wages

Fringe Benefits

Overhead

Consultants _

Other Direct Costs

Equipment, Materials, and Supplies

Travel and Transportation
(including allowances)

TO0TAL

BUDGET SCHEDULE

Actual and.
Estimated
enditures
FR: 7/1/70
T0: 3/31/7h

$350,208.20
30,249.69
147,225.80

h,lS0.00.

68 ,293 -5'4-
53,547.27

- 71,652.34
$731,326.84

Fim

Budget
FR: 1/7
T0: 12;31/71+

$139,051.00

1%,345.00

L9,757.00
-0-

25,000.00

- 42,205.00

675.00
$297,033.00

ATTACIDMENT B .
Contract No. AID/csd-2806
Amendment No. 6

Projected

?‘;‘: §t7 77 >
20: 6/30/75
$92,660.00
2,562.00
33,170.00

Q=

10,000,00
28,136.00

2k ,450.00
$197,978.00

Total
Budget
FR: 771770
TO: 6/;0[72
$581’919-2°'
54,156 .69
230,152.80
4,150.00.
93,293.54
123,888,27

18,7773

$1,226,337.84



Po-aAc-g4y Y g3jes2s %’.

AID 1350-1% 1. Cooperating Counhy_. . PQ o
(2-1) DEPARTMENT OF STATE Worldwide :)’/,7L7,:)’7‘j Poge t of 1l os tp
AGENCY FOR a . v , ~Fu
j "NTERNATIONAL DEVELOPMENT 2. P{Sf{","°z- i ST 3. EJ Originol or
4 1) AR EM) /J - Amendment No, —— o~
. ' B on'n!/Aclivily No. ond Title
flo/T PROJECT IMPLEMENTATION 4. Proi LD
ORDER/TECHNICAL. Agronomic-Economic Research : ‘f’
SERVICES on Tropical Soils
— AID/csd-2806 - North Carolina State Univ
DISTRIDUTION S, "A_'ppveprlcnpn Syn.bol 6.A. Allotment Symbol and Chorgo 6.8. Funds Allotted tor
AN Y, Y D L Y, O A..0. /4 T Mission
7. Obligation Stotus 8. Funding Period {Mo., Day, Yr,)
m Administrative Reservotion 0 Implementing Document * From 4/]/74 To 3/3'}/75
9.A. Servicos 10 Storr Mo., Day, Yr,) . 9.8, C letion date of,Sprvi
Bo!\wo:n - /1/72 ond (ﬁ‘l’:.‘,pl‘;ay, y,‘:)o °6/°307'?’5
10.A. Type c¢ Action Cooperatin Participoting Age
B.A.I.D. Controct 0O Cou::r:'Co?mocv D Ser:i:ep:'g:?egumgn:cy D Othor
10.B. Authorized Agent
AID/w
Estimc ed Financing (4}) (2) 3) (4)
$1.00= Previous Totol Increose Docreose Total 1o Doto
. _
Moximum A+ Dollors ‘ $2803000 ) . $,.280,000
ALD. T _
Flnancing * U:S-Ouned FUNDS RES.yiD oy
LocalCurr'ency > "
2. ) ' A
Cobporating Ar Counterpart / 'l - l-rl' Tl
Country ' OSTED o l
Contributions B. Other f R
-l-s-. Missien . 14, Instructions to Avuthorized Agent
. R-hchu
The purpose of this PIO/T is to extend funding for Contract AID/csd-2806
with North Carolina State University for twelve months beglnning 4/1/74.
The basic objectives and Scope of Work of the contract remain unchanged
The Work Plan and-Budget are attached, Appendix A,
The due date for the Annual Report should be changed to April 1, 1974
and each April 1st. thereafter during the period of this Contract.,

15. Clecronces - Show Office Syrbol, Signature and Date for all Necessary Clearancos,

A, Tho.spocifications in tho szope of work are lochr;icolly odequate B. Funds for the services requested are availoblo
}'L ('_ i R ¥
TAJAGR, J. Malcolm /M ¢ Date:
TAZAGR 3" ~577% DL R

__ TA/AGR, 0. Kelley/Uy//! "rA/RIG, M. Recheipl Ddte?

C. The scope of work Jics within the purview of the initioting ond 4/ - i ; \) :
opprovad Agency Progroms y k4 _ ,ql(/ , ){10 t\q C'( &-?L .&/ ‘( 76
/Z// / /ﬁl‘L’\ Dat // ‘?}} { | / o/
v A

E. v .
TA/AGR, D. Plucknett 256 .
TA/AGR, J. B. Cordaro Y:‘—,’”(\\ pat

16, For the cooperating country: The terms ond cenditions +«\For the Agoncy for Antasnationol Development 18, Date of Signoture

vt forth hetoin ore hereby agreed. to /),/'1 . o L0
- .. .
A I [ 3 0z ey o2/ 7
/

J. K. McDermott, TA/RIG

Signatwe ond dete =

_Tittes Dircctor
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Agronomic-Economic KeSearch on Tropical Soilg
North Carolina State University
AID/csd-2806

Work Plan April 1, 1974 - March 31, 1975
- Attached is a summary of the activities which will be paid directly

. from project funds for the next twelve months. Completed work on
which current subprojects rest is not reported. Likewise, work which

A listing of activities follows. Reference numbers are derived from
the FY 1973 work plan.

1.2 Long-tern Crop response to P in ‘Guatemala: - Established. To be
conducted by ICTA staff, Project staff limited to advisor role,

1.3 Multiple Cropping in Costa Rica: Tests several cropping sequences
involving 2-3 Crops per year (beans, corn, rice, soybeans, sorghum,
cassava, pastures and forage). This activity has highest priority
in Central America 3 Will be stressed for full twelve months and
beyond. (p. D. Oelsligle)

1.4 Forage Fertility Management in E1 Salvador: Continued asg pPlanned,
Will test five levels of N, P, and K fertilization on Pasture grass
and forage sorghum. (D. D, Oelsligle) ’

1.5 Fertility Management for Upland Rice in Costa Rica: A more intensive
study of fertility management with rice in Support of small farp
activities. Continuous to 1976. (D. D. Oelsligle)

1.6 Studies of Toxicity of Residual Copper: Greenhouse studies are in
Progress, Field experiments planned for Palmar Sur. Treatments
and designs hinge on outcome of current research. Twelve month
activity. (F. R. Cox)

2.1 Liming Campo Cerrado Soils: This will be continued and expanded
during the yYear to include more crops, Liming/phosphorus inter-
actions will be followed under controlled conditions in the greenhouse.
(E. Gonzalez and E. J. Kamprath)




C)

2.2

2.3

2.4

2.5.

3.L.

3. 2..

3.3

3.4

3.5

4.1

- NCSU Work. Plan {cont'd)

Phospiiorus in the Cerrado: The Present experiment at Brasilia
will be continged through the third and fourth crops. Corn,
upland rice and Possibly wheat will be planted on these plots.
A new experiment using less expensive sources of phosphorus and

- 8oluble silicates will be followed throughout the year.

(R.S. Yost and E.J. Kamprath) ‘

Zinc for the Cerrado: Laboratory analyses of samples frop
earlier experiments and from the field survey will be completed
during the next twelve months, Additional experiments will pe
started during 1974 ap4 1975 based on the results of the soil
analyses. (A,S. Lopes and F,R. Cox)

Variecal Differences in Tolerance to Acidity.and Drough: Field
work is expected to start early in 1975, CIAT is the Principal
source of the sorghum selections.»_(J.G. Salinas and p.A, Sanchez)

Soil Fertility Management for Upland Rice in Cerrado: Probable
beginning in early 1975 but dependant on counterpart support.

(J.G..Salinas and P.A. Sanchez)

Land Clearing Methods in Yurimaguas: In situ and laboratory
assessment of different methods of land clearing will continue
throughout the coming year. (C.E. Seubert and P.4A, Sanchez)

Characterization of Amazon Jungle Soils: Chemical, physical and
instrumental analyses of soilg samples from the uppar Amazon
region will continue throughout the year. (E.J, Tyler and s.y. Buol)

Fertility Requirements for Multiple Cropping Systems in the
Jungle: Crop and variety evaluation is in Progress and will
Fi

Soil Fertility Management for Upland Rice in the Jungle: A
cooperative activity largely dependent op Peruvian counterparts,
Continuing, (E.E. Seubert, C.E. Lopez and P.A, Sanchez)



‘NCSU Work Plan (cont'd)

4.2 Proof and Refinement of Fertility Capability Classification:
An ongoing activity grouping and categorizing soils according
to their properties and predictable responses. An activity
closely linked with Latin American Soil Testing project la-646.
(M.A. Granger, S.W. Buol, P.A. Sanchez and R.B. Cate)

4.3, 4.4 and 4.5 Laboratory Characterization of Soils from Ecological
Zones in which Current Experiments are in Progress: These
continuing support activities will shed light ‘on-micronutrient
balances, soil acidity-aluminum, inter-relationships and phosphate
reactions within the soils. (All project staff will be involved
in some phases)

4.8 and 4.9 Economic Analysis of Crop-Fertilizer Responses: These
continuing activities are providing guide lines for current and
future research on the project and assessing the probablity of
immediate utilization of research results of this project and
from other research in the region. Initial phase will be
concluded during 1974 but general type of analytical work. will.
continue. (S. €Change and R.K. Perrin)

Note: Most of these activities are dependent on many factors not controlled
by the contractor. These factors include counterpart performance

freedom in personnel assignements, wheather, disease, insect attacks

or other natural hazzards. ~The work plan .as presented is a guide and
‘reflects detailed preplanning. I cannot be considered immutable or

as an absoluce yardstick against which contractor performance is

measured. This performance must be judged on general grounds: the

staff time committed to the project, the quality and extent of the find
ings compared to the funding level.



PROPOSED BUDGET 'AGRO-ECONOMIC RESEARCH
4/1/74 == 3/31/175

Category + Cost
Salaries Vs 144,076
Fringe Benefits 3 v 15,773
Overhead VU:‘* — 55,720
Travel and Transportation <l7, /0'99
Ailowances @
Other Costs 7,569
Equipment and Vehicles 22,400
Total $ 280,000

1/11/74_




Po-AAC-

AID L,50-1%
[y A 1Y) DEPARTM. .. OF STATE
AGENCY FOR
INTERNATIONAL DEVELOPMENT

¢

831 vz
1. Cooparating Country

Worldwide 25252 ./

Page | oﬂslo;cgo.ols"a

. Q Originol or

zg' 30} ?i;- 20-535 - 13

Amendment No. o

“10/T PROJECT IMPLEMENTATION ‘
" ORDER /TEcr‘lNICAL -Agronomic Economic Research on Tropical Soils
SERVICES North Carolina State, AID/csd- 2d06
DISTRIBUTION 5. Appropristion Sy:bol 6.A. Allo!mom Symbomq'ﬂmt G~ W8T Furlid Hl:’:u tos .
72-7/¥ /623 $62-31- 095 - . 0mad - £ ALC. W OMission
7. oti m ?0& _57"077’ )"K&de Pericd {Mo., Day, Yr.)
ozl%um?t/c}?w knse%on O implementing Document From __LL_.]- 75 __')_./_3_1 ,/_7_5_'
9. A Services *9 Slcu|7(,'~lu » Day, ¥r,) v.5. Compietion dote of Services
Bﬂwcen and (8o.y Day, ¥t.) 6/ ‘0/ 75
J10.A. Type of Action Cooseroting ! o R
mA.l.D. Contract N Cdu::‘r:féo?mact g:r’::::!po\';?agoﬁsztcy DOther
-410.8. Authorized Agent
AID/W
Estimated Financing m 2 3) {4)
$1.00= Previous Total Increqse Dacreose Tota! 10 Date
. <
. A. Dollars Vd's ,
Moximum 100,000 100,000
ALD. e e o s frem D 2 :
Finoncing .- B. U.S5.-Owned IFUNDS RESER JD'.BY i
Local Currency . R O l
12. 274! )
A. Coungtorpart (24
Cooperoting e gg
Country TPOsEs ' %
Contributions B. Other ‘/ - '
' -~ -‘"1’:‘!‘3. /A‘ .",T;'CSD ] {
Mission 14. Instructions to Authorized Agsnt I _______"
Roferences | e purpose of this PIO/T is to augment the allotment or funds to sustain
full activity under the project for the last three rontns of ti:a finding v=a
This supplement was anticipated inoriginal PIO/T 931-17-120-545-73- 31&75""
/
This will permit time for review of the project by R & D and RAC pricr to
negotiating a new contract to extend the wo*k for another three years,
A copy of the breakdown on the budget extension and work plan are attachet.

15, Clearances — Show Office Synbal, Signatum and Date for oll Nacessory Clearancos.

A. The spocificaticns in the scope

cchmcnlly odTuafe/ ‘/

B, Funds {or the services req ﬂ d are ovailoole

TA/AGR, JLMalcolm Hte By, C. ¥olfe to Datey
JALACR, TSGill VG Data. - 21-74 P L //( Ly
"C. The scope of work lies within t

oppcoved Agency Programs A/PM J. M.

TA/AGR, LFHesser

purviow of the initioting ond
%; " DAte: / '/ >| [')

TA/RM, M, r@r&ﬁ%, 1‘&,,,,/ Datg, /,,/

E.
© TA/AGR, DLPlucknett ‘&Bate
TA/ACR, RiHolres - [{J% Date:

11 —2S- 7

///.71/7

F. /r('
'UJT[G M. Relch

N e

. For the cooperating country: The 1.rms ond conditions
sat'festh aerein are horaby ogreed. to

slgnalvre ond dete:

18. Date of Sl\.n.nun

" Tirbe:

/m.: Chief, Program Dyy TA/PM 4

4/’7/

N4

CPO 867.288



Contrs no. AID/cad=2enk
Amendment no.

Attachment A Page 1 of3
Agrononic-Economic Reseerch on Tropical Soils

-illorth Cerolina State University
AID/288-2806

Work Plan January 1, 1975 - March 31, 1975

- The followinz~ is a suwznary of the activitics to be performed an the three months

- boginning Jan. 1, 1975., Cor:ipleted work on which current subprojects rest is not

~reported, Likewise, wori vhich is the logical outcome of project activities

- scheduled for the currcmt year are not described, In most cases the princinal in-
“vestigator is indicatcé., The exceptions are in those cetivities which will in-
“volve almost 211 members of the staff on a contiruing and predictably aD Hoc

. basis,

-A listing of activities follows. Reference numbers ere derived from the ¥¥ 1573
- work plan, ‘.

1.2 Lonag-tern eron rasconse wo roan suatemala: Istablished, To be conducted
by ICl4 stuff, ‘rroject staff limited to aavisor rolec.

1.3 ldtiple Cronzins in Coste Hica: Tests several cropning sequences involving
2-3 crovs prer year (teans, corn, rice, soybeans, sorghun, cascave, pastures ong
forage), "his activity hus highest oriority ia Centrzl Averica; will be stressed
Loxr W12 thres  monlhs and Leyond (U, D, Oelsligie}

1./ Torage Fertility Management in T Salvador: Continued as plannec, . Will tecst

five levels o u, &, and » fertilization on pasvure grass end Iorags sorghum. (D,
Oclsligle), ,

15 Fentility ibnnceront for Unlond Rice in Costn ezt A more intensive study of
~Lertility rmanagement with rice in suprort of small farm activitics, Coatinuous.

24 Lindns Comng Cowrniin Joilst “his will be continued and expanded Cualig the
eried Lo inclule iore crons, Liring/vhosthorus interactioas will be followes wnies

nrrey

--eontrolled conditions in the grcenhouse. (-, Gonzzlez and £, J. .larprath)

2.2 shosphorus in thz Csrradet The vresent experiinent at Irasiliz will be continad
Vhrough thc third unu lourth crovs. Corn, uolznd viece und possibly wihiat \:?.ll ¥
~planned on these vlots. . new exveriment using less esmpensive scurces of 5::13:;_7-}:?1';::.

~ang polutls silicctes will te followed throughout the rericds (R, O, fost :nd L, o
- Remorath) '




2.3

2.5

3.1

3.2

3.3

3.5

4.1

he?e

( Atiachmont 4
Page 2

Ziac for the Cerrado: Laboratory .analyses of samples from eerlier exveriments

and Iroa the ficld survey will be comnleted during the next tpree months.
Additional experiments will be started during 197, to be based on the re-
sults of the soil analyses, (A.S. Lopes and F.R. Cox)

Varictal Differences in Tolerance to Acidity end brourhr. Field work: is €xX=
pected to start. ULil is the principal source of the sorghun
selcctions, (J.G. Salinas and P. 4, Sanchezs

Soil Fertilitv Management for Upland liice in Cerrado: Probable beginning
in earlg 1975 but depend.nt oa counterpart supnort. (J.G, Salinas enc P.i.
Sanchez

Lond Clearing liethods in Yurincsuass In situ and laborary assessnent of Gif-
feront nathoas of land clearing will continue throughout the reriod.
(C. B, Seubert end P. A. Sanchez)

Characterization of Amagon Jungle Soils: Chemical, physical and instrumentel
anzalyses of soils scmples froa the uper Anazon region will continue viirough--
out the pericd (E.J. Tyler and 3, W, Fuol)

Fertility Reouirements for iultinle Crovooing Systems in the Junzle: Crop

and vareiety eveiusniion is in grofress and will continue. sield ciperinonte

willstart in 1974 and be continued wniil conclusive results have been ob-

tained. (M, K. Wade and P, A. Sanchesz)

Soll Fertility ianegenent for Unland iidce in the Junple: A cocperative zcti-~
vity lar;ely cependent on reruvian counterparts. Convinuing, (&, 4. Seubert,
C. E. Lorez =nd ¥, A Sanchez)

Fertility Recuirements for Fasture Produciion in Junsle Remion: Continuing
cetivity and ey to vermgnent land developnent in zone. (C, -, Loyez znd
Y. A, Sanchez)

Characterization of Tropical Soils: Cngoing activity is direct supsort to
other resecarca activitics end 1o sServe as c swide to the utiliczetion of the

~

results of fertility rescarch, («, Alvaraco, ¥. :umevar and S. li, "Euol)

freolf and Refinement of Fertility Cap:bility Classification: An ongolng
ectivity greuping ana ceategorizing soils eccording to titeir pronerties
end »redicteble responses. an activity closely linked with irtain ar.e
Soil Testing nroject la-546, (if, . Grenger, S.'i. Buol, ¥,.. 3aznciez -

R, B, Cate)




A shment A

Poge 3

w3y 4ol and 4.5 Lotorntory Charceterization of Soils fron I Bcolorical Zones in
_Vhich Current .tmverimcnts zre in Frosress: <hece contiruing cup-ort acti-
“"¥Itics vill shcd iizut oa iicronutrient balances, soil ncidlty-alunlnun,
- inter-relationshiys and phos rhate reections within the soils. (All project .
- staff will be-involved in some phases)

4¢8 and 4.9 Xcononic inalysis of Cron-Fertilizer Regnonses: These continuing -
" activitics ere providing guide lines for currcnt and future resesrch on
tho project and assessing the protablity of irmedinte utilization of research
esults of this project and from other research in the re; gion. Initial phase
vzll be concluded during 1974 cut general type of analytlcal work will con-
tinue, (S. Change and R. X, Porrin)

The wor::z plan as nresented is a gu.de and reflects detailed prenldnnlng; It is
not to be considercd imautable or as an absolute specification of perrlormance.



Agronomic Economic Research in Tropical Soils
North Carolina State University AID/csd-2806
Supplementarv Budeet.

Category Requested
1/1/75 - 3/31/75

Salaries and Wages $ 38,939
Fringe Benefits 2,79%
Overhead 15,735
Consultants (4]
Other direct costs 17,527
Equipment and supplies 11,398
Travel and transportation

including allowances 13,605

Total $100,000



AGENCY FOR INTERNATIONAL DEVELOPMENT
RESEARCH ADVISORY COMMLITTEE

Minutes of the Thirty-Sixth RAC Meeting
-(March 13-14, 1972)

Dr. Brady, Chairman of the Research Advisory Committee,
opened the 36th meeting by pointing out that during the last
meeting, the RAC made three requests to A.I.D. These were;
(1) a directory of meanings of abbreviations of pertinent
A.1.D. offices; (2) information and background on RAC and its
charter; and (3) backgrcund material on A.I.D. centrally
sponsored research program.

The ‘information under points 1 and 3 was dist: {buted
during this mecting. As to the RAC's seccond request, Dr. Long
explained that the orientation for the new RAC members will
take place at tomorrow's lunch at which time Mr. Williams,
Deputy Administrator of A.I.D., will discuss the subject.

Dr. Long added that during the same time Mr. Williams will
discuss briefly the new organization of A.I.D.

Dr. Brady intruduced the first item on the agenda and
invited the chairman of that subcommit.ee to present his
report. '

Project Review:

Agriculture

1l.. Agzronomic Economic Research in Tropical Soils -
North Carolina State University

Dr. Whitney, chairman of thc subcommittee including
M. Peterson, Kramer and Heady, reviewed the project goals
and accomplishments. Dr. Whitney stated that the main thrust
of the project is to develop the best soil management methods
having optimum cconomic return. He expressed the subcommittce's
patisfaction witih the strong participation of host countries
in this research and stated further that the data obtained
from this rescarch will be transferable to other areas having
similar environmental conditions and similar management inputs.
Dr. Whitney inquired about the following: (1) choice of locations
for experimental work; (2) further economic inputs, and (3) level
of .integration of the program as a whole. ile felt that the
quantitative data obtained in this research should be compared
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‘with data f other cultivation methods including those of
shifting cultivation.

Dr. M. Peterson believed that the project focus could be
sharpened and that the project program would benefit from services
of an agronomist. Dr. Kramer while agreeing with Drs. Whitney
and M. Peterson's evaluation suggested that better coordination
-of the project is essential to its success.

Referring to the cconomic research of this program,
Dr. Heady expressed a concern that local scientists were not
included in the project activity. Therefore, he suggested a
stronger cooperation with LA countries especially with theirx
research institutes. MHe emphasized the fact that the project
statement does not quite address ‘itselfl to the generalization
of data so that they could be used more widely. Dr. leady
felt that the economic phase of the work appears to be very
general, on one hand, and too specific (work on crop, cropping
and fertilizer use interactions) on the other. Dr. D. Peterson
contributed an observation that ficld work seems to be de-
emphasized in this prograw.  This is sugyested by the fact that
only one se¢nior and one junior scientists are scheduled to
work full-time in LA. He also tiougit that investigation of
moisture regime is an important part of total plant growth
environment, and its inclusion in work plan should be considered.
Dr. Ruttan inquired if the rescarch results can be generalized
and, if so, then at what level. He also added that plant
breeder participation in this activity might benefit the total
program. He suggested that attention should be given to monitoring
the environment, especially in intensive crop production where
nutrient movement to the streams and rivers might be very large.
He suggested that the economist assigned to this project should
be working in the field and not at N.C. campus.

Drs. Kelley and Malcolm assured the RAC that these critical
points would be considered in reformulating the program. Dr.
Kelley also suggested, that Dr. Heady's services may be requested
by A.I.D. to work with Norcth Carolina State University in improving
the program in economics and to integrate all the facets of rescarch
into a meaningful research package. Dr. Heady agreced to this.

Dr. Long reflected upon his visit to N.C. State to review this
project. He stated that there exists a strong cooperation within
the project and that the emphasis on the three soil arcas is
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relevant because they represent very large arcas and have a greater
economic potential than was originally thought. Since the complexity
of the problem is so large generalization might be difficult, and

it would have to have a large cffort to become meaningful.

Economists will be involved at the beginning of project design so
that generalizability will be obtained.

Motion: That: (1) the project be continued essentially
as set forth in the project statement at the indicated
funding level; (2) the soil management, agronomic and
economic phases be carefully planned and closely coor-
dinated throughout the life of the project; and (3) the
project be reviewed by the RAC within 18 months.

(Motion carrjed: 20 for; 1 against)

2. Apricultural Diversification and Trade (Philippines)
Department of Asriculture

Dr. Ruttan reported for the RAC subcommittee. Mcmbers of the
subcommittee were Drs. Ruttan, Hagen, Frank and Montgomery. Dr.
Ruttan callcd attention to the initial contraat grantad o the USRS,
North Caroliina State University and the East-West Center at the
University of Hawaii for project planning purposes approximatcly
one year ago. He called attention to the objectives of the project
. and the three work phases to be accomplished between the USDA and
the Government of the Philippines. He also noted that the
Government of the Philippines would provide approximately thirty-three
man years and the Department of Agriculture approximately eight
man years in collaboration to accomplish the research objectives.
Dr. Ruttan also noted that the two proposed research projects
agricultural diversification (¥orth Carolina and USDA) and the
proposed research project on unemplovment in Africa were similar
in terms of the planned collaboration between the contractor and
the LDC. On this basis, he suggested that the merits of the
individual projects be viewed in the total context of these
three efforts. Subsequently, the RAC agreed to discuss the
Pliilippines Agricultural Diversification project and the North
Carolina project in Latin Amcrica before taking action on
either one.

Dr. Ruttan specaking for the subcommittee called attention
to certain characteristics of these projects considered germane
to RAC's consideration. First, he noted that the projects break
new ground by the high degree of collaboration planned between
the research contractor and the appropriate research. and official
agencies of the LDCs. Sccond, he ebserved that the “resecarch



