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Purpose: Basic soil chemistry-soil fertility relationships have not been.
 

keyed to agronomic-economic studies in LDCs. The objectives of this re3earch
 

are (1) to develop methodology for an economically sound system of making
 
gained from soil analyses and
fertilizer recommendations based on information 

fertilizer crop response data, primarily from Latin America, for developing
 
to obtain basic soil fertility-soilcountries in tropical regions and (2) 

chemistry data as needed to support (1) above.
 

soil activities in theDe;cription of the Project: Economic and agronomic 
project are to be integrated and interrelated as one program. The specific
 

work plan for each area follows:
 

Existing 	soil fertility- ield1) Agronomic-economic yield evaluation: (a) 

response data will be processed in a manner suitable for analyses; (b)
 
analytical models for extracting information from limited data will be evluated
 

on basis of theoretical and operational acceptability; (c) analytical model (s)
 

to examine the collected data; (d) experiments will be
selected will be used 

designed to fill in critical data gaps.
 
2) Agronomic soils aspects: (a) Basic soil fertility-soil chemistry studies
 

will be initiated only as needed to support the agronomic-economic studies.
 

It is expected these studies may include (1) nitrogen fertilization, (2)
 

phosphorous fertilizers, (3)liming (4) micronutrients. (b)Basic soil
 
(1) soil
characterization in support of agro-economic evaluation may include: 


mineralogy data from key sites and (2) soil physical properties. (c) Contractor
 
needed explainitnshall obtain soil moisture and climatic data as to aid in 

and interrelating yield potential and fertilizer response.
 

Future Plans: This project will be coordinated with the AID/Cornell University
 

fertility project, TVA, CIAT, CIMMYT and other AID-sponsored activities
 
relating to tropical soils management and crop production.
 

TA/AGF:D.Blake: 7/15/70; revised 8/10/70 
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PART II 

ENTITY: DS Bureau 
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PROJECT NUMBER: 931-052-5.11
 

I hereby authorize $85,000 in grant funds for a three month extension
 
(from January 1, 1979 Lo larch 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 future adaptation and application activities are in direct support
 
of the A.I.D. Missions and Government-- _ru and .ola. 
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ACTION MEM1ORANDUI FOR THE ASSISTANT ADMINISTRATOR FOR DEVELOPMENT SUPPORT
 

THRU: DAA/FN/DS, T. Babb 

FROM: DS/AGR, Dean F. PetersoA-

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 together 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.
 

Discu:ssion: North Carolina State University (NCSU) initiated the sub­

ject A.I.D. funded research activities in FY 1970. A total of
 

S2,751,000 have been obligated for this project since then. This pro­

ject is currently being implemented by NCSU under contract AID/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 through December 31, 1973.
 

,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/A:GR funding until such 

time (hopefully by early 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 reflect 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 Planaltina near Brazilia. The work in the Peruvian jungle dates
 
back to 1973 and demonstrates 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 these soils but have not been followed long enough to
 
uncover second and third generation 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 given the farmer's resources has yet to be worked
 
out.
 

The missions in La Paz and Lima have forwarded requests from their host
 
equally
governments that this project be continued. The missions are 


supportive and the contractor, North Carolina State University is pre­

pared to continue. There is no other contractor with field research
 

experience in the two areas under consideration. No other contractor
 

has established ties with the host novernments 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 31, 1979
 

of NCSU"s resear'ch 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 (S355,000 approx.
 

costsl of :;CSUi's soils activities which would be specifically adapted
 
and applied 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.
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PROJECT STATEENC~ 	 9 I55
 

A. Project Summary 	 PSSAAC 
1. Statistical
 

Project Title: 	 Agronomic-Economic Research on Tropical. So'ils
 

New or Extension: 	 Extension
 

Contractor: 	 Soil Science Department
 
North Carolina State University
 
P.O.. Box 5907
 
Raleigh., North Carolina 27607
 

Principal

Investigator: Dr. Pedro Sanchez
 

Duration: 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
 

Total Estimated
 
Cost: Through June 30, 1975 $1,226,337
 

Current Year 	FY 1975 524,873
 
FY*1976 552,092
 
FY 1977 582,646
 

Estimated 3 year total $1,6,9.,611
 

Cumulative total $2,885,948
 

fro~ect Manager: 	 John L. Malcolm
 

2... Narrative
 

Work on this project has been divided into two phases. First,.
 
an assessment of pertinent work was summarized in a Review of
 
Soil Research in Tropical Latin America, published in both English­
and Spanish. Second, based on the assessment..and--opportunities

,for constructive cooperation, field work was begun.in three
 
axeas: 
 on the Oxisols of the Campo Cerra-do of Brazil., on the
 
Ultisols of the Amazon jungle at Yurimaguas,- Peru an.d.-on Andosols
 
in Central America,-- Guatemala, El Salvador, and Costa Rica.
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is clearly the key to managingaluminumContrOIlOf active 
The multiple interactions
 

the soils of the Campo 
Cerrado. Lim­
treatments have been demonstrated. 


among crops, so-i1-s-and "optimum"
 
ing at low rates with deep 

incorporation was superior 
to 


Lime without zinc induced
 

rates restricted to the plowed layer. 

Phosphates were most effective 

when part was
 

zinc deficiency. Deep liming permitted roots to
 
broadcast and part banded. water and nutrients more 

efficiently.
 
penetrate using both soil 


In the Amazon jungle traditional 
slash and burn gave better
 

economical and fitted
 

With slash and burn rainfall
results than mechanical 
clearing, was more 


of small farmers.

the resources 
 higher, nitrification more 

rapid and
 

at the highest rates of fertilizer
infiltration rates were 


nutrient recovery better. 
Even 


on bulldozed plots did 
not reach those
 

application, yields 

cleared by the traditional method 

after three crops.
 

Ia Central America multiple cropping 
received principal
 

acre per year
food production per
Highest total 

obtained by mixed cropping 

but crop, variety,' timing 
and
 

was of forage sorghum for win­
attention. 


The use
critical.
management were all Salvador and is being actively
 
ter feed was demonstrated in 

El 


promoted by the extensicn. service 
there.
 

data showed
 
..Economic analysis of accumulated fertilizer 

trial 


a simple plot of responses 
and basing recommendation
 

With this te'chnique
the value of 

on a simplified soil classification system. 


required.

no complex calculations are 


Throughout, this project has 
cooperated actively with other
 

at Brasilia, host government
 
universities, especially Cornell 


institutions, CATIE at Turrialba, 
Costa Rica and the international
 

CIAT, CIP and CIMI.YT.
 
agricultural research centers,, notably 


1974. Technical
 on October 23,
reviewed
This project was 

progress has been highly satisfactory 

and the commitment of the
 
The in-


North Carolina faculty far exceeds 
the budgeted time. 


problems of the
 
volvement of foreign nationals 

in research on 

as a particular contribution
recognized
developing countries was Twenty-five graduate students,
 

toward AID's longterm objectives. 


representing 14 countries have taken part in the or 
research so far.
 

Peru.
 
Nine have served for extended 

periods in Brazil 


Extension of the project for 
at least another three years
 

The residual effects of liming and fertilizer appli­
is critical. 
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trea

cations should be measured. The interactions of soil and 


New work in new areas will on13
 
ment must be studied further. 

delay these answers. More economical ways to achieve similar
 

results must be found now that the potential of these soils hi
 

Finally, test demonstrations are needed tc
 been demonstrated. 

transfer the best technology from experiments to field scale
 

constitute tI
 
farming. This utilization promotion effort will 


third phase.
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B. 	EXPANDED NlARRATIVE AN4D BUnGFT
 

1. 	BACKGROUND
 

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
 

in increasing wheat and rice production during the late sixties provided
 

the impression that world food production could increase at the same
 

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 isa top
 

concern of mankind.
 

Plants grow on soils. Therefore, the field of soil science has
 

played and will continue to play a critical role in increasing world 

food production. It has been well established that the greatest poten­

tial for increasing world food production lies in vast regions of the 

tropics,- Tropical agriculture developed first on soils with high 

inative fertility, mostly in alluvial plains, both incoastal and inland 

areas. Examples of-these-are the rice bowls of Southeast Asia, the 

Central Plateau .ofMexico, the Cauca and Mantaro Valleys of the Andes, 

the Ethiopian highlands,-etc. The impact of the "green revolution" is 

very much -limited to these high base status soils, particularly those
 

which are irriqated.
 

Agricultural development in the temperate region initially fol­

lowed the same pattern of settling on high base status soils. When
 

farmers ran out of such soils, they started farming low-base status
 

soils, like those -of southeastern United States,.with fertilization
 

and liming. The extent of a similar pattern in the tropics is limited
 

to small areas, like southern Brazil. Only about 1O' of the tropics
 



503 milsion hectares) are presently un cultivation,

,roximately 


.t of it on high base status soils. The President's Science Advisory
 

ICommittee estimated that an additional 1200 million hectares are poten-


These presently unused or underutilized
 tially arable in the tropics. 


.areas consist of highly weathered Oxisols and 
Ultisols presently under
 

It is widely acknowledged that one
 or savanna vegetation.
.rainforest 


of the main limiting factors preventing 
full-scale agricultural develop­

-
-i
ment in these -re!9g4Ons s the inadequate knowledge of how to.manage 
these
 

highly weathered soils under rainforest or 
savanna vegetation. The
 

development of soil management systems 
in these regions should be based
 

on an understanding of what farmers are presently 
doing, and be aimed at
 

improving the present systems-with practicessuch 
as fertilization and
 

limi.ng which require the minimum inputs due 
to high cost of materials
 

and its transportation.
 

To a lesser degree, food production can be 
increased in presently
 

highly populated areas characterized by intercropped 
subsistence agri-


Farmers in hilly volcanic areas have grown 
more than one crop
 

culture. 


The fertility management of intercropped
at a time for centuries. 


systems has been virtually ignored by soil 
scientists until very re-


Most of the thrust of imjroving small-siied 
farming systems


cently. 


are related to high base status soils and 
monocultures such as paddy
 

An improvement of the productivity of intercropped 
systems should
 

rice. 


marked increase in the well-being of such 
farm communities
 

result in a 


and increases in food prod.ction to local markets.
 

From its beginning, the Soil Science Department 
of Nlorth Carolina
 

State University has been involved in program 
related to studies of soil,
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Afical regions. Noteworthy among these are its graduate program,
 
.as 
trained many tropical soil scientists who now occupy key
 
rship positions in their countries, the Agricultural Mission to
 
the 211(d) Institutional Development.Grant Program and the Inter­

tional Soil Fertility Evaluation and Improvement Program (ISFEIP).
 
:the latter program developed soil testing laboratories in several
 

.rountries,itbecame apparent that additional constraints needing
 
~research answers were required. 
The present Tropical Soils Research
 
Program was established to answersuch a need.
 

1.2 	Program History
 

The Technical Assistance Bureau of AID organized a 
concerted attack_
 
on solving the previously mentioned soil management constraints in the
 
tropics by awarding two research contracts to Cornell and North Carolina
 
State Universities. Contract AID/csd 2806 was awarded to North Carolina
 
State University on July 1, 1970 for a 
five 	-year.period. The project 
 "
 
objectives were "to develop methodology for an economic-al-ly -Ound system­
ofmaking fertilizer, recommendations based- on. information-gaifd fi6m 
sotN 	analysis, fertilizer response, soil-chemistry and.soil fertility
 
data -primarily from Latin America for.Oeve'loping .countries-f.tropical
 
regions.". 
 The work plan consisted of two phases-.. Phase -IinvOlveda­
review and analysis of present knowledge,.identification Of pririyty
 
research problems and development of a 
research strategy to solve-these 

problems. Phase II consisted of-generating the.needed information from
 
field and laboratory studies and devising means for-"r 
 thg
 

results to other areas with similar eco..g al-conditions
 
'Theobjectives of Phase I
were 	achieved in the first two years. 
A 

comprehensive review nf the literature and other sources was prepared by 



.oject staff and puolished in English and Spanish ds "A Review of
 

i.Research in Tropical Latin America". Travel to several countries
 

etermine potential areas for field research and cooperation of
 

.
ional and international research institutions took place within this
 

jeriod. As a result of the literature review, travel, suggestions for
 

LDC scientists as well as ISFEIP staff, a research strategy developed.
 

The most crucial research needs not likely to be solved by other ongoing
 

projects were to improve food production via improved soil management in
 

the tropical rainforests presently under shifting cultivation, the acid
 

Oxisol savannas virtually unused, and in the highly populated highland
 

areas affected by volcanic activity. A search for.representative sites
 

to conduct the necessary field work was made aid cooperative agreeients­

were signed with local research indtitutions in each of the three major
 

ecological regions.
 

Field research prograf-is were initiated in August 1972 in: 1) Yurima­

guas, Peru at the Campo Experimental de Yurimaguas of the Miinistry of.
 
Agriculture in cooperation with that institution,.as a representative
 

site for the Amazon Jungle, 2) Brasilia, Brazil at theCentro de Pesqui­

sas Aglrppecuarias de Brasilia in coQperation with EMBRAPA (formerly DNPEA)
 

and the Cornell University contract, as a representative site of the
 

acid Oxisol savannas and, 3) Throughout Central America with headquarters
 

in.CArIE, Turrialba, Costa Rica in cooperation with that institution and
 

the Ministries of Agriculture in Costa Rica, El Salvador and Guatemala..
 

Campus based activities concentrated on 1) supporting the field
 

programs through soil characterization, soil and plant analyses 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) Economic analysis of crop response to
 

,Izers and methodology for optimizing recommendations and 4) Develop­

'and testing of a Fertility-Capability.Classification System as a
 

ns for grouping soils with similar fertility problems which could be
 

ised as a tool for data extrapolation and interpretation.
 

,.3 Progress to Date
 

The accomplishments or tnese activities are described in detail in
 

the technical Annual Reports for 1971, 1972 and 1973. The admini-strative
 

"aspects are described in semiannual adminis.trati.ve rep.orts for -theperiods
 

of July 1970 to June 1972 and in annual administrative reports for
 

FY-1972-73 and 1973-74.
 

A summary of such accomplishments follows:
 

Phase I:
 

The cOmMpI.llfon QT avaii atie researh intormatinn for Latin America
 

was published as a "Review of Soils Research inTropica.l Latin Anerica"
 

in English and Spanish. Definitions of res.earch priorities and ..esearch
 

strategy was accomplished during this period, Cooperative.agreements with
 

LDC i-stitutions for the ini.tiatiQn .f field resear.ch.were also_ established 

Phase TI: 

1)Amazon Jungle. Characterization studies of the Amazon Jungle soils 
indicate that Ultisols .rather than Oxisols are the .predominant well-drained
 

........... -
 II . ­-. . T - . . . . .. " .:.. -'.. . 

soils of the Amazon Basin outside of.the geological influence of te..4
 

Guyana.and Brazilian shields. These soils have management characteristics 

quite different from the Oxisols. Phosphorus fixation capacity.'ismuch 

lower than inOxisols.due to coarser topsoil texture and different miner­

4iogy.,..Experiments.on land clear-ing methods i.n Ultisols in.IYuriraguas
tt....h .... "
thatsthee traditional..... w......'or t...showved slash arid burn practice was superior to 
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clearing with a bulldozer. Yields of upland rice, cassava,
 

.corn, sorghum, and beans were consistently higher in the
 

ddburn systens at several fertility levels. The fertilizer
 

* ifthe ash, the severe compaction measured in the bulldozed
 

and the movement of the topsoil by the bulldozer blade are the
f'
t
 
itors thought to be responsible for these differences. Continuous
 

topping in this jungle Ultisol isfeasible with moderate applications
 

.of lime, nitrogen, phosphorus, potassium, and in some instances sulfur,
 

b.oron,. and molybdenum. Hig.h yields were obtained with upland rice, 

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

sens.itive to pests, aluminum toxicity and micronutrient deficiencies.
 

Results-o date indicate that the economics of continuous crop production
 

.inthese shifting cultivation areas will depend largely on the transpor­

tation costs of fertilizers and lime.
 

2) Acid Savannas. Studies in the Campo Cerrado of Brazil indicate that
 

matter.of fertility andthe management of these Oxisols is primarily a 

subsoil moisture interactions. Liming to raise the pH to 5.5 inthe.top 

30 m of the soil increased corn yields and decreased moisture stress 

.rin'g critical short-term droughts that occur during the rainy season. 

Only aimoderate rate of 2 ton.s/ha when incorporated in the top 30 cm was 

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

* I. -- . -.. . ­

-estimated.investment.in lime,about U. S. $20/ha is less than previously
 

.thought necessary to eliminate.aluminum toxicity to corn in these very
 

acid-soils
 

Although applications of .nitrogen, potassium, and zinc are also
 

.ecessary, the amounts.required are also within the economic range. The
 

anagement.o.ph.,hosrus,.however, isthe primary fertility problem due
 



lemy .horus fixation capacity of tht.., Oxisols.
high pht 

in*
 

* Red Latosol" on which the experiments were conducted requires
 

valent of about 2800 kg P205/ha to provide the desired amount
 

A phorus in the soil solution. Broadcast applications were superior
 

n'ded applications during the first rainy season crop because they
 

oted more root development which in turn attenuated the effects of
 

ort-termdroughts. In the subsequet irrigated dry season crop,
 

nded applications were superior. These results suggest that a cor­

:rective level of broadcast phosphorus supplemented by banded applications
 

with each crop may 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 designed to decrease fixation such as silicates are being evaluated.
 

Outreach studies on the properties and distribution of Campo Cerrado
 

soils indicate a remarkable ,,iiformity in terms of low fertility, and
 
//
 

point out the areas where different results might be expected due to 

soil or climatic properties. 

3)-*Cehtral American Highlands. A fertilization program for intensive forage 

sorghum'.production during the rainy season in northern El Salvador became 

a simple solution for counteracting the severe weight losses of dairy 

ca.ttle during the dry season. Heavily fertilized forage sorghum is pre­

served in inexpensive trench silos and used as the principal source of food 

during t'e dry season. 

Experiments with upland rice fertilization in Costa Rica indicate
 

that the inorganic nitrogen content inthe profile at planting time was
 

related to the type nitrogen response observed. Under-these conditions,
 

sulfur'coated urea was not superior'to conventional sources.
 



multiple

ort was placed on the fertility-related aspects 

oi 


systems for small farms on soils affected 
by volcanic ash.
 

experiments are underway in identifying how to manage ferti-
b'I 


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

reenhouse experiments indicate that 
a large proportion of Costa .ican
 

Initial studies are also underway 
aimed
 

soils are deficient in sulfur. 


at eliminating copper toxicity to 
rice in lands formerly operated as
 

banana plantations.
 

Substantial progress was made.
 
4) Region-wide ExtraoOlative Studies. 


in the development of a fertility-capability 
soil classification system
 

The
 
which groups soil having similar 

fertility management limitations. 


first.formal version of this system 
was prepared for presentation at 

the
 

Initial
 
Tropical Soils Seminar held in Columbia in February, 1974. 

the system in a world-wide, country-wide, and a county4ssessment of 

sample showed tha"large numbers of 
soil mapping units can be grouped 

in
 

For example, most 0" the
 
a.small number of fertility-capability 

units. 


:78 dil profiles described in the soil 
survey reports of Brazil could
 

All the 145 mapping units
units.
into 23 fteiU1Tity-capability.be grouped 

.of.the 'soil survey of Wake County, 
North Carolina, were grouped into.
 

_15.units.
 

Preliminary evaluation of this.system 
was made using a series of
 

potatofertilization experiments 
previously conducted in the Sierra 

of
 

All 73 sites could be grouped into 
five fertility-capability units
 

Peru. 


,and each group produced a different 
response to phosphorus applications.
 

When fertilizer recommendations were made 
by each group, the economic
 

rntufts to fertilization increased dramatically.. 
Itwas also found that. 

this classification system supplemnt5s 
positively soil test-criteria.
 



ence of its u 'ulness inother areas; and po! 1e.modl­

re being investigated.
 

economists refined their concept of profit-prediction cr1­

nd applied itto various models used inthe analysis of corn
 

ce fertilizer responses inCosta Rica and corn inMinas Gerais,
 

1P. The graphic linear response and plateau model proposed by
 

h,Cate, and Nelson gave the best recommendations without the use
 

a computer or complex calculations. Soil test information appeared
 

o be of no value when incorporated as.Cate,Nelson critical levels
 

into the linear response and plateau or inthe general quadratic model
 

for the Minas Gerais corn data. The use of soil tests inboth models
 

was useful inincreasing the profitability of corn response inthe
 

Costa Rica data.
 

Additional research projects were conducted throughout the region 

to supplement the data from priority areas and/or tu invest;gate at 

depth some critical issues. Soil characterization studies inrelation 

to landscape position were initiated inan.Oxisol-Ultisol area in 

western S~o Paulo, Brazil, inan Andept area incentral Costa Rica, in 

the Llanos Orientales of Colombia and in the Maracaibo Basin of Vene­

zuela.
 

Laboratory and greenhouse studies have shown that the lime-phosphorus
 

interactions incertain Oxisols of Panama reflect the field observations'
 

inBrasilia. Low soil phosphorus availability isbelieved to be the.
 

principal factor responsible for the low rates of organic matter
 

mineralization inAndepts from Colombia. Diffusion was identified as
 

a major fac+or accounting for the increased availability of-phosphorus
 

inflooded rice soils inIndia and Peru. The potassium release proper­



More complicated
se of non-exchangeable sources of potassium. 

l certain UltI. Is from Guyana.confirm the ex ence kf a strong.


testing methods than the dilute double acid extractant were not
 

cessary for estimating available potassium in these soils and in
 

their North Carolina counterparts.
 

Special emphasis has been made indisseminating these results
 

as quickly as feasible to about 450 tropical soil scientists, insti­

tutions, and libraries throughout the world. The first edition of
 

the "Review of Soils Research inTropical Latin America" was.quickly
 

exhausted. A second English printing and a.Spanish yersion were made
 

in order to satisfy the demand.
 

1.4 Present Status and Outlook
 

Considerable progress has been made in attaining the contract's 

objectives. The Phase I activities which defined the "State of the 

Art", specified priorities and formulated the research strategy have 

been satisfactorily completed. Its impact on present research was 

greater than anticipated because of the wide use of the publication 

by many individuals and institutions throughout the world. 

Many of the research activities included in Phase II require long 

terin research for adequate completi-on. No economically sound recommen­

dations can be made for the manageMent of tropical soils based on two 

years of field results. The basic'issues on how to develop continuous 

cropping injungle areas under shifting cultivation, how to economically 

apply phosphorus, lime and micronutrients to savanna Oxisols, and how 

to apply fertilizers in intercropping systems require the evaluation of 

residual effects and the initiation of other experiments. 

Certain-research projects of this contract have been satisfactorily
 



'd. They include the micronutrient survey inGuatemala, the
 

6f1'*rCerrado soil properties in Brazil, the effects of land
 

Fng methods inPeru:, forage sorghum fertilization in El Salvador
 

upland rice fertilization inCosta Rica. They have either been*
 

rminated or have been transferred to local institutions for follow-up
 

ctlvities.
 

During the last two years, both North Carolina State University
 

and the Technical Assistance Bureau have recognized the necessity of
 

formulating more specific objectives for this contract, since the
 

)riginal objective cannot be quantified objectively and does not
 

specify indicators for its satisfactory completion.
 

Considerin§g -that three years of field research is insufficient
 

for making firm conclusions, and the satisfactory performance of the
 

contract, the Soic Science Departent of ort Carolina S till I-.V. 

sity requests th6"t this contract be revised for an additional three
 

years with more specificity in its objectives aid end-of-project 

indicators. This projected extension does not imply that all objec­

tives, can be achieved in three additional years because of the long 

term nature of certain specific projects.
 

-Inthe following proposal a third phase of the program is pro­

,posed. Phase III would involve extrapolative research inpther areas
 

to verify whether or not the results obtained at specific representative
 

locations can be extrapolated to other tropical regions with similar
 

ecological conditions, and the'degree of local adjustments needed.
 



2. RESEARCH PURPOSE 
ASO EXPECTED PODUCTS
 

-en
 
Purpose

To increase food production 

at minimum cost and 
improve wellbeing
 

n 
of small farm families through improved soil fertility and management
eionosith 


smal ,, a ka e 
rougu 


practices in three important ecological tropical regils
 
p...age.of.eco. 

The contract aims at 
developin9 a 


soil management practices 
for increasing food production 

in 1) jungle
 

presentlY under shifting cultivation, 
2) acid savanna Oxisols and
 

such practices 
could be
 

soils 
systems in volcanic hi ghl and-" 


3) intercropping 


to areas other 
than where the 

research is conducted.
 

status indi.cators are': the verification that
 extrapolated frche e 

production 
practices do increase 

food 
soil management of such
econoically-sound 

areas mentioned 
above.and that 

extrapolation 

in
significantly 


packages to other 
areas within 

the same ecological 
regions is possible
 

y s u d oi -n
 
- _ n economic ,al 


es." Excpected ProdUcts
2.2*b ,,.. ...
92 . .
 
iad5flticl 

To devlp a pEa~ ec 
ObjectiVC I jcreasing food 

production via con­
cti~S fr under shifting cutiVation"for,,
fertilizer management practice 

f a 

tious cultivation of Jungle soils presently 
such a set of recommendations 

When applied at the farm 
The'erult of 

level would be to 
open large new areas 

of tropical rainforestS 
for food
 

basis.
 

crop production, 
on an ecologicaly-sound of economically-sound soil and
 

copackge 


inacidproduction 
The result of such a set of recommendations
fetiizr ~fagement practices 

for increasing food 

Oxisol tropical savannas. 

when applied at the farm level would 
bring into production 

huge areas of 

presently not 
utilized..
 

savannas
tropical 
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To develop a package of economically-sound soil and
 AbJective 3): 


'izer management practices for increasing food production 
in su'-


Stence'tntercroped systems small farming operations 
in highland areas
 

The result of such a set of recommenda­'ffected by volcanic activity. 


tions, when applied at the farm level would be 
to markedly increase the
 

productivity of intercropped systems and the well-being 
of such farmers.
 

To develop means for interpreting and extrapolating

Objective 4): 


the products-of Objectives 1 to 3 to other areas via economic inter­

protations, additional greenhouse and laboratory 
work on campus and
 

The result of such
 
through cooperative field trials in other areas. 


studies would.be the verification (or lack of) 
of the extrapolability of
 

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

cropped volcanic areas.
 



3. SIGNIFICANCE 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 potential 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 limited is also well 

recognized throughout the world. Direct adaptation of the basic prin­

,ciples of soil science developed in non-glaciated temperate regions to 

-tropical soils is possible. Direct adaptation of soil fertility and 

management practices developed in the temperate regions is seldom pos­

sible because of the drastically different climatic economic and social 

constraints. Improvement in soil management practices for these regions 

must draw both frdm the basic principles of soil science (for example, 

the chemistry of exchangeable aluminum) and from an understanding of the 

traditional tropical soil management systems per se. Due to the high 

cotts 6f outside inputs such as fertilizers, lime, pesticides and in 

many cases farm machinery, the strategy.for increasing soil production 

should be aimed at determining the minimum levels of inputs needed for 

adequate yields rather than the optimum levels needed for maximum 

yields. I 

The recent successes of the "green revolution" programs are
 

limited to the small minority of thetropics with soils of high native
 

'fertility and often available irrigation. Before the'impact of the new
 

improved varieties can be felt on these vast tropical areas, much more
 



edge of how to manage these basically infertile, u,iirrigated humid
 

cal soils is needed.
 

The three tropical regions on which this research contract focuses
 

over a large proportion of the tropics. Tropical rainforests cover
 

-approximately 301 of the tropical land mass. The largest areas are in
 

~the Amazon and Congo Basins and inthe hill country of Southeast Asia.
 

.Alarge proportion of the tropical rainforests have similar soil pro­

perties and rainfall regime to ihat found in the Yurimaguas Station. 

Tropical savannas with acid soils such as those of Brasilia cover approx­

imately 31 percent of the tropical land mass.- The largest areas are in 

the Cerrado and Llanos of South America as well as in central and eastern 

Africa surrounding the Congo Basin. "The areal extent Of subsistence.. 

intercropping tillage in volcanic areas is difficult to estimate. It is 

propably less than 5% of the tropics, but the numbers of people involved 

is substantially larger. In addition to the Central American highlands. 

similar:conditions exist in parts of Indonesia.and the Philippines and 

in the Rift Valley of Africa. 

3.2, State of the Art
 

)*Although research on shifting cultivation has been'conducted for
 

many years in.Africa, particularly Belgian, French and British
 

scientists in colonial. days, no specific recommendations on how to trans­

form these systems into continuous cropping when population pressures
 

increase have been developed. When this question was asked to African
 

scientists at a meeting on Tropical Soils Research in Ibadan, Nigeria in
 

1972, none'present could say that they had a set of packages which they
 

could recommend to solve this problem. Since 1971, IITA's Farming
 

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



/Program has b, i attacking.this problem in a v"stematic fashion
 

sonal forested areas with high base status Alfisols. To our know­

e, the only other ongoing systematic soils research program on
 

fting cultivation is this Yurimaguas project. It is also the only
 

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

ivailable knowledge on soil management under shifting cultivation was
 

Ssummarized as a chapter inthe "Review of Soils Research inTropical
 

Latin America". Since then significant progress has been made by the
 

IITA and Yurimaguas projects.- Neither one isyet advanced enough to
 

provide an answer to Objective 1.
 

2) The management of acid savanna Oxisols is primarily a matter of
 

determining economic application rates of phosphorus, lime, other
 

nutrients and its interactions with moisture stress. A large body of
 

research information has accumu eated
particularly, in the sc, h...part 

of the Brazilian Cerrado, the Llanos Orientales of Colombia and parts of 

Africa. The avalile knowledge i.as summarized in various chapters of 

the "Review of Soils Research in Tropical Latin America" dealing with 

the individual nutrient problems. A comprehensive review of soil 

fertility'research in the Campo'Cerrado appears in AlfredoLopes'
 
'S 

thesis'. Several papers presented at the Seminar on Soil Management and
 

the Development Process inTropical America and in the Simposio sobre
 

Suelos deSabana, published by Prairie View A & M University have also
 

added further knowledge. Most of the African research on tropical
 

savannas relate to high base status soils, particularly inWest Africa
 

and Kenya. Most of the knowledge gathered is limited to short-term ex­

periments with perhaps one or two harvests. Such data isunsuitable for
 

determining the residual effects of lime, phosphorus and micronutrient
 



tions required for an adequate economic interpretat.on. Although
 

tare many organizations with ongoing soils researchin acid tropical
 

Snas, two.other programs have produced significant advances: CIAT's
 

vities inCarimagua on the selection of varieties and species tole­

t to acid soil conditions and Dr. Dobereiner's group in Brazil
 

rking on nitrogen fixation in tropical grasses. The present knowledge
 

on this subject, including the results of the joint Cornell-NCSU project
 

-inBrasilia is insufficient to provide an answer to Objective No. 2.
 

3) Very little is presently known on how to manage soils and ferti­

,izer applications in intercropped systems. This is undoubtedly one of
 

our-greatest gaps intropical soil science. Attention to this subject­

was sparked by Bradfield's workdimultiople crppingiW IRRI. His
 

-results, however are limited to systems which involve growing flooded
 

rice during the rainy season. A description of the various systems in
 

practice was summarized by Dalrymple in a "Survey of Multiple Cropping
 

published.
in Less.DevelopEd Nations". A 	bibliography on the subject was 

Ongoing work at IRRI under the directionby Turrialba early this year. 


of Richard Harwood, at Turrialba by our staff and CATIE, in Yurimaguas
 

and in northern Nigeria is beginning to provide good leads. The state
 

of the art of the third objective isway behind the other objectives.
 

4) Considerable progress has been made in the art of developing a
 

sound methodology for interpreting and extrapolating soil fertility and
 

management research results to other areas. The methods developed by
 

the International Soil Fertility Evaluation and Improvement Program.'..
 

(Cate-Nelson graphs, Linear Plateau and Response Model) have consider­

ably simplified the process of making fertilizer recommendations based
 

on field data. Such techniques do not require complicated economic and
 



If JO 

ic©i analysis and reconrendations can be arrived at without the 

a computer. An economic evaluation of these techniques incom­

son with the classic quadratic equations, conducted as part of this
 

earch contract, showed no differences in profitability between the
 

methodologies.
 

Prior to the initiation of this contract, no systematic procedures
 

were available to extrapolate field fertility data from one region to
 

the other. Natural soil classification systems, including the new U.'S.
 

Soil Taxonomy, does not provide for such groupings because they focus on
 

subsoil parameters and essentially ignore the pl-owed layer where most of
 
the fertility interactions take place. 
The Fertility Capability.Classi­

fication System, developed underthis cOntract,-was-designed to group 

soils with common fertility-management problems. It pays the desired 

attention to topsoil properties without ignoring important subsoil para­

meters. Its initial evaluation showus substantial promise but also the 

need for some modification of the original scheme. In the extrapolation. 

process additional soil .characteristic data is needed, as well as certain 

Taboratory and greenhouse procedures. Considerable progress has been
 

made in characterizing soils in our areas of emphasis, but more work is
 

needed particularly when extrapolation-type field resea; :h requests come
 

in from the LDC's.
 



4. PLA,5 TO COORDINATE.AND LINK RESEARCH
 

Since its inception, all activities conducted by tnis contract are
 

al cooperative projects between this University and one or more ins­

tutions from developing countries, international institutions or members
 

of the Tropical Soils Consortium. The 1973 Technical Annual Report shows
 

that the number of actual cooperators exceeds the numbers of North
 

Carolina State University employees working on the program. These coope­

rators are involved in the planning, execution, reporting and dissemina­

tion phases of the research activities in various degree. A large propor­

tion of the activities supporting Objective 4 involve'.the cooperation and
 

partial financial support of several other institutions. In addition to
 

these physical linkages, several discussions are presently in progress to
 

establish cooperative field extrapolation sitesowith other institutions.
 

Several requests have been received in this regards. Meaningful contacts
 

with other individuals and instituti.ons not involving cooperative researc'h
 

have been established through publication exchanges, visits to the fild
 

sites and to campus and participation in many conferences and syniposia
 

throughout the world.
 

4.1 Other AID Activities and Networks
 

Within the Soil Science Departmeont activities of this research
 

contract are closely coordinated with the two other AID-sponsored pro­

grams: the 211(d) Institutional Development Grant and the International
 

Soil Fertility Evaluation and Improvement Program (Contract la 646). The
 

same individual serves as project leader for Contract csd/2806 and.the
 

.?ll(d) grant.
 

North Carolina State University is a member of the Tropi~al Soils
 



ium sponsored by the 211(d) grants. 
 In addition to strong working
 

ages within the Consortium members, plans are also underway to
 
lize the network on tropical soils research already inexistence.
 

lose coordination exist with TAB/AGR inAID Washington, the USAID Missions
 

in Peru, Brazil and Central America, CUSUSWASH and TVA's AID supported
 

activities.
 

4.2 	LDC Activities
 

1) Research work in Peru is a 
joint project with the Direcci6n
 
General de Investigaciones Agropecuarias of the Ministry of Agriculture.
 
The 	International Potato Center in Lima provides administrative and
 
logistical support. 
Several institutions such as CIAT, IITA, CATIE, the
 
Purdue Sorghum Project and others have provided germplasm for testing in
 
Yurimaguas. Requests for extrapolative work to other areas of the jungle
 
have 	been received from the followina institutions: the Universidad Na­
cional Agraria de La Molina for work in Iquitos and Pucallpa, Peru. 
The
 
Universidade Federe7 Rural do Estado de Rio de Janeiro for cooperative
 
work 	in.their Rondon Project inAmapi, at the eastern end of the Amazon
 
Jungle, 
 INIAP in Ecuador, and ICA and CIAT in Colombia. Through visits
 
to mutual field sites strong contacts exist with the IITA Farming Systems
 
.Program in Nigeria. 
 Close contact in also expected with the proposed
 
Cornell project inGhana. 
 tNCSU personnel have.participated in policy
 
decisions regarding the development of the jungle ot Peru and have been
 
invited to present the results of this project to 
policy making groups
 
of the Amazon countries Humid Tropics Programs sponsored by IICA.
 

2) Research work inBrazil is a 
joint project with the Cornell 
 .
 
University research contract and the Empresa Brasileira de Pesquisas
 
Airopecuarias (EMBRAPA). 
The 	USAID Mission provides logistical and
 



trative support. Close linkages and seed interchange exist with
 

AT Llanos Orientales Project, and with other EMBRAPA-USAID national
 

dity programs. A request for extrapolation of results have been
 

celved from EMBRAPA for the entire Cerrado of Brazil. Also CIAT and
 

he Ministry of Agriculture of the Dominican Republic are interested in
 

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 of.Agriculture of Costa Rica and El Sal-


Vador, CENTA and the U. S. Peace Corps. CATIE Provides administrative
 

and logistical support at its Turrialba.headquarters. Requests for
 

future research in the soil aspects of interc6ppingare under conisidera:
 

.tion.
 

4) Agronomic-economic interpretations on extrapolation studies have
 

been conducted in cooperation with the following institutions:
 

Instituto Geoarfilo Agustin'Codazzi-CIAT (Colombia)

"Instituto Colombiano Agropecuario (Coiombia)
 
CIAT (Colombia)
 
Ministerio de Agricultura y GanaderTa (Panama)


Einisterio
de Agricultura y Ganaderia (Costa Rica)

Ministerio de Agricultura y Ganaderia now ICTA (Guatemala)

CATIE.,(Costa Rica)

-Universidad de Costa Rica
 
Universidad Nacional Agraria (Per5)

"Ministerio de Agricultura (Per5)

Oficina Nacional de Evaluaci6n de Recursos Naturales (Per5)

Instituto Agron6mico de Campinas (Brazil)

Universidad Federal de Vicosa (Brazil)
 
Centro de Pesquisas Pedol6gicas (Brazil)
 
EMBRAPA (Brazil)

Ministerio de Obras Pblicas (Venezuela)

Ministry of Agriculture (Guyana)
 

4.3 Other.donors
 

' The Rockefeller and Ford Foundation and FAO have sponsored.graduate
 

studenfs who participate in the research program related-to-this contract.
 



22­

travel grants or consultantships from th-se 
sources have in­

ty served to further the contract objectives.
 

Due to his involvement inthis contract Dr. R.K. Perrin has taken
 

ta leave of absence to join the CIMMYT staff in
Mexico and conduct
 

similar agronomic-economic research.
 



5. PLANS TO FACILITATE UTILIZATION OF RESULTS
 

A research contract of this nature should be ultimately judged 
by
 

degree of farmer adoption of the research results. Although the
 e 


delivery of these results to farmers is beyond the scope of the contract,
 

substdntial efforts will be directed towards the dissemination and
 

utilization of these results.
 

To publish

The strategy of dissemination will continue as present: 


as quickly as possible new significant research results, 
first in the
 

Technical Annual Reports and when appropriate in scientific articles.
 

This

Significant results will be published in English and Spanish. 


information will be then distributed to recipients in our mailing list
 

and also to additional personnel by the cooperating institutions 
in their
 

country.
 

third phase in the work plan of
Inaddition, it is proposed that a 


Phase III would consist of establishing
the contract be initiated. 


cooperative agreements with other institutions to conduct 
applied-type
 

field research inother areas in order to test the degree of extrapolation
 

possible within the three ecological regions. As previously mentioned,
 

requests for such work has been received from several other 
countries. If
 

smallresearch network
 implemented Phase III would in effect establish a 


Figure 1
specifically concerned with the objectives of this contract. 


shows the potential sites for Phase III operations.
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Figure |;Potential sites of field extrapolation and utilization of 
results under discussion.'
 



6. MANAGEMENT CONSIDERATIONS
 

ike any other activity of the Soil Science Department, Dr. C. B.
 

nts, the Department Head is responsible for this research contract.
 

operational and technical aspects of the programs ave under the
 

irection of Dr. Pedro A. Sanchez, the tropical soils project leader.
 

Dr.Sanchez coordinates the activities of the NCSU staiF members in
 

campus and overseas. He is also responsible for the 211(d) grant programs
 

and linkages with developing country cooperating institutions.
 

blanket country
Experience in the past suggests strongly that a 


clearance to travel to Latin America countries isessential for the func­

tioning of this contract. The following faculty whotravel frequently
 

overseas under this contract require such clearances: C. B.McCants, 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,.Jr. Approval of
 

this request does not Waive the responsibility of informing the USAID
 

Missions of their travel plans. 

'Since a large part of the field operations are joint with local. 

institutions,.appropriate non-AID funding of such institutions is crucial
 

fbr-the field operations. In Brasilia,.continuation of the Cornell
 

contract activities is considered essential.
 



TECHNICAL REVIEW
 

Objective 1: No adequate Information exists on the changes inpH,
 

(,, N,.Ca, Mg, K.Al, available P and micronutrients of jungle Ultisols
 
to quantify the fertility depletion process and ways to correct it. Such
 
a 
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 entire information into actual model
 
farms. Assistance from other areas particularly pasture evaluation
 

through animal nutrition isneeded.
 

Objective 2: The question on how to economically apply P to these 
soils remain inthe main limiting factor. The strategy of evaluating
 

long term residual effects of rates and placement, reduce fixation by
 
lime, silicate and rock phosphate applications and select varieties and
 
species tolerant to low levels of available P is appropriate. The
 
residual effects of lime, micronutrients and other amendrmerts 
 are also
 
needed. Putting a "package" together would be the final stage of this
 

research.
 

Objective : This is almost virgin territory. The movement of 
nutrients inthe profile, its relati-ve uptake by two root systems, their 
relative distribution in relation to rates, sources, timing and place­
ment of the fertilizers needs to be quantified through the research
 

proposed.
 

Objective 4: The Fertility-Capability Clssification System looks
 
promising but requires further evaluation. Supplementary soil charac­

terization work, greenhouse and laboratory and economic-reseArch--is 

essential to backstop the project adequately.
 



8. I,-JECT DESIGN AND METHODS
 

specific list of research projects are outlined on Table 1 as a.
 

s for accomplishing the research objectives. Each activity involves 

or several experiments. The starting dates, "milestones" and expectel
 

ompletion appear inTable 1. The narrative of each'activity follows.
 

-Activities under each objective are interdependent. Additional activi­

ties might be identified inthe course of research as needed for accom­

plishing the objectives. A certain amouht of flexibility is needed when
 

interpreting this table, because research contracts cannot be planned
 

with as much precision as the table might imply. Uniess otherwise
 

specified field activities are to be conducted inYurimaguas, Per, for
 

Objective 1, inBrasilia, Brazil for Objective 2, inCentral America for
 

Objective 3 and on campus on Objective 4.
 

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

1. Characfterization of Amazon Jungle Soils. 1* Studies on
 

Colombian Amazon finished January 1973. 2. Field studies on Peruvian
. 

Amazon Jungle completed. 3. Detailed soils map of Yurimaguas Station
 

expected to be completed by September 1975. Further activities contem­

platecfinclude charafterization of potential extrapolation sites.
 

Requests for cooperation received from Pucallpa and Iquitos (Per),
 

Amiapi (Brazil), eastern Ecuador. Projact personnel involved incharac­

terization study of soils inthe Venezuela Amazon with financial support
 

from Venezuelan government. Personnel: 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.
 



---------

Iable l. Timetable.fo rvh..rh__a-tiyitybb _Qhj!.iiye s." 
PROPOSED EXTENSIOt
 

PRESENt CONTRACT PERIOD 

q i 11 7 1973 974 1975 1976 1977 1978 
a- Ji
-
a- -- a
o o 


Activity by Objective ___L.L_..L_. • I __! I I t I
 
-1 . -, ro ' " €: , 

Objective 1 

-

1. CharacteriZdiofn of Jungle S 4' .3­

2. Slash-and-burn vs mechanized
 C
S
land clearing 

4
, 3


3. Continuous cultivation-soil 
 ,-
S. 1 

dynamics. 


2
S 1 

4. Pasture ferli hzation. 


C
-1

interaction...5.Multipir" ,ropp:ng-fei-ttlity

S-: 

6. fajor'lement:response in
 
principal crops (rice, soy-


S -1
S5C
beans, cassava- plantains) 


7. Sulfur and wicacronutrient
 
S'' - 2- C
 

respone1cs. --

8. Pote6n-tial use of Bayovar rock
 
S 1 -C

phosphate. 


. Development of a model farm. S 


10. Extrapolation field studies
 S -------­
in other areas. 


:S z Project start : T Transferred to cooperating national 

TI aSignificant accompish:"_.nt institution; limited advisory activities 

SProjeCt concluded afterwards. 



2. -Dep~notOf I Itw ng and"residual effects 

3. PhOSphOrus rdtes, placement 
and rensidualeffects. 

S 

S.I.. 

.12 w ~ m . 

2­

4 Zinc r*jtp,effeC! i. and residual 
- *1 -­

>C:)C 

5..Phospl)3te scu~ceiselicate applications. S 1 2 -

6. Varietal and species dif­
ferences in tolerance tohigh Al and low P S 1 .2­

7. Distribution of properties ofCerrado soils. S C 
8. Chemistry and mineralogy ofphospfnorus fixation. S -

9. Sulfur, putassiuin and.mag­nesium studies. 
S 1C 

10. Extrapolation field studiesto other ,reas. 
S- - -



gI~i~fji "- Pt.e 4 

1 I,-T-o 1972 ,7 974 I 9 

S.73bective 3 

* 1. Soil -c aacterization studies S 1 2 

2. Macro and micronutrient 
su-vey in Guatemala. S VC :. 

3 3. Long term P fertilization in 
Guatema a S 

* 4 4. Forage sorghum fertilization 
El Salv:ado, S I .C 

55. Upland rice fertilization 
Costa Rica. 

- S 
S ->T 

6. Sulfur deficiencies and ex-. 
.6. traction methods in Costa 

S Rican sils. S C 
7- 7. Copper toxicity on rice. S 1---P 

Multiple cropping systems­
preliminary work. 1 C 

9. Nitrogen fertilizer management 
in intercropping systems. S 1 

10. Phosphorus fertilizer manage­
wment ir intercropping systems 

11. Sulfur fertility management in 
intercropr:g systems. S 

12. l.imir: .ntercroppina. C-'etems. S 
- .*­



-I-,13 e 4 -..to--


- .. . . S-. ...- -- ' -2­

3-. , r urn'Reve w (tat 

Resp1]one. 

3.- Lcni Iterperei taio 

of 

of 

S -1 2 

' 
. Greenhouse and Laboratory 
2.Studies in Fertlity, Chemis­

try, Microbiology. 

6. Soil cha-anteriation studies. 

ofresults. 

i 4 
S- 1 

- 2-

1 

Fetil ty-apabl iy 
4 

3-4 
Clss| 

- 6-

-

7---- 8-

6 7 

C 

C 



Effects of .1clearing'methods on soil pri cti~ity. 1. Field
 

h at Yurimaguas completed. 
Results sho 
 the advantage of the
 
lonal slash and burn system over mechanized land clearing. 
Report
 

eparation. 
Expected completion December 1976. 
Personnel: P. A.
 
hez, C. E. Seubert, C. E. Lopez. 
 LDC collaborators: C. Valverde, M.
 

ega.
 

3. Continuous cropping systems and changes in soil properties.
 
tarted August 1972. 
 Expected completion: iOyears.__Experimental design


consists of four consecutive yearly land clearings with four cropping
 
systems znd fertilization strategies to be tested as a 
function of age
 
after clearing. 
Changes in soil properties associated with fertility
 
depletionare measured. 
This is the central, long term experiment to
 
develop cropping systems. 
To date, the first three land clearings have
 
been carried (Milestones 1, 2, 3).' The fourth is planned for July 1975.
 
Inaddition to yield data collection, intensive soil and plant sampling
 
taken at regular intervals monitors changes iwith time. 
 Results so far
 
indicate that continuous cropping is economically feasible in these
 
jungle.Ultisols and 
that adequate to excellent yields of upland 
 ice, 
soybeans, cassava and pastures have been obtained with moderate amounts
 
of fertilizers and lime. 
 Personnel:P. A. Sanchez._E. Seubert, C.
 
E.Lopez, H. Villachica, C. Langley. 
LDC collaborators: C. Valverde,
 

*M..Nure-a.
 

4. Fertility requirements forpastureproduction in
theJungle: 
Two forage experiments with Panicum maximum 
are evaluating the nitrogen,
 
phosphorus, and lime requirements, including an evaluation of urea,
 
sulfur-coated urea alnd Stylosanthes guyanensis as the sbUic6of-nitr6gen, 
superphosphate "and severalVrbck phosphates including Bay;vat rock. 
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ults of first 10 months indicate high yield levels with low P and
 

ates dnd a promising response of sulfur-coated urea applications
 

six months. Feeding quality of forage determined by nutrient
 

ysis and in-vitro digestibility incooperation with the Animal Science
 

ypartment. A third experiment comparing methods 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,
 

Lengley. LDC cooperators: C. Valverde.
 

5. Fertility requirements of multiple cropping system for food
 

prodction: 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

cropping effect on nitrogen fertilization x spacing in corn-soyheans­

cassava intercropping. 2. Residue management at different fertility
 

levels in corn-soybeans-cassava intercroppings. 3. Residue management
 

at different fertility levels incorn-soybeans-rice succession. 4. Lime
 

response and depth of liming in corn-cowpea intercropping and mono­

cultures. \5. Fertility requirements for intensive cropping systems
 

ranging from one to five crops a year.. 6. Germplasm introduction 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 element responses in principal food crops: Responses to
 

P,:K, and lime. by upland rice, soybeans, cassava and plantains1 The
 

purpose is to establish the needed application rates and critical soil
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C st levels. 
Termination of field experiments expected by September
 
975. Completion of work expected by December 1975. 
Personnel: G. S.
 

Hiner. D. Anderson.
 

7. Sulfur and micronutrient requirements: 
 The initial continuous
 
cropping.experiment demonstrated the existence of sulfur, boron and
 
molybdenum deficiencies inthese soils. 
1. Greenhouse tests in Raleigh
 
confirmed these deficiencies and identified zinc and copper deficiencies.
 
Field trials expected to start inMarch 1975. 
Data suggests that sulfur
 
and micronutrient deficiencies might be crucial limiting factors. 
 If so
 
their solution with small quantities of inputs transportable at low
 
costs seems economically 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. 
 Its potential isnaturally believed to be for acid soils,
 
most of %,hich are in the jungle. 
Although Bayovar rock is included as
 
treatments in certain experiments in projects 4 and 5, a systematic
 
evaluation of its reactivity fineness and residual effects is-needed to
 
ascertain whether this product could be used effectively inthe Jungle.
 
Government officials have keen interest and partial financial support has
 
been obtained by Dr. Valverde from MINEROPERU. Preliminary greenhouse
 
experiments are in progress inRaleigh-and in Lima by counterpart
 
personnel. Field experiments are expected to be planted by March 1975.
 
Personnel: H. Villachica, G.S. Miner, P. A. Sanchez. 
LDC collaborators
 

C. Valverde, J. Davelouis, M. Cano. 

9. Developing of a "model farm" for continuous croppi q in the
 
Amazon: 
 To-be started in 1976. A synthesis of.al.1 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. Extrapolation of Studies
 

It is proposed that the third phase of this contract in­
volve 
a series of field extrapolation studies to Ldapt the results
 
already available from the jungle and 
savanna stations to other
 

tropical 
areas with similar environmental conditions. 
 The ex­

pected results of such work wou-ld--f-ther this -ontract's 
and
 
AID's objectives because (1) it would test the 
degree of extra­

polation possible of the results and the necessary local m-odifica­
tions and (2) it would encourage direct utilization by farmers in
 

L
 

other regions.
 

Unlike previous arrangements developed with LFC's in this
 
contract, no active seeking of appropriate locations will be
 

done by NCSU staff. It is preferable to respond to requests
 

from LDC institutions or USAID missions for collaboration-; Only
 

those institutions that sh,,w 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, indications of such an interest have been received
 

from the following institutions:
 

1) - Universidade Federale Rural do Estado do Rio de Janeiro,
 

Amapi, Brazil
 

2) - INIAP, Ecuador
 

3) - IVITA, Pucallpa, Peru
 

4) - Universidad Nacional'Agraria La Molina, Peru
 

5) - UniversidaddePanama
 

The following mode of operation is envisioned:
 

1) Selection and evaluation of the sites will be made jointly 

by NCSU and the host institution's staff. This will 

involve soil characterization studies. 

2) A series of applied-type experiments will .be designed. 

These will synthesize the principal results from the main 

stations. 

3) The experiments will be conducted by personnel from the 

cooperating institutions. When appropriate they may 

-serve as thesis topics for. graduate studies at NCSU or 

other institutions. All operating expenses must be 

borne by the cooperating institutions. 

4) NCSU staff will serve as advisors, and will cooperate on 

execution and interpretation 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 extrapolation in the Campo Cerrado by Cline and Buol. 2. Work.
 

continuing in Llanos Orientales in collaboration with CIAT. 3 and 4.
 

Expected additional studies in sites for potential extrapolation.
 

-Personnel: S. 14. Buol, L. Mejia. LDCcollaborators: M. Camargo, J. Spain,
 

R Guerrero and others.
 

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

initiated inDecember 1972, to evaluate the effect of different lime
 

applications and the potential benefits of liming to 30 cms. depth.
 

Results to date (1)indicate that deep liming is supe;ior to shallow lime
 

application because it increases root development and allows plants to
 

withstand dry periods better. Two'crops are grown per year and-preliminary
 

indications of the residual effects (2)indicate that relatively low
 

rates are adequate.. Several more years are needed to evaluate this
 



ect ineconomic tees. Personnel: Iamprath, Gonzalez, Salinas,
 

rmn. 
LDC staff: Soares, Lobato, Galrio.
 
j..Phosphorus Rates, Placement and Residual Effects: 
A long
 

term experiment was planted in October 1972 to evaluate the effect of
 
rates, placement and timing methods. 
Results to date suggest that large
 
applications have a 
marked residual effect and that a combination of an
 
original broadcast application followed by banded applications at each
 
successive planting might be recomnendable, but these suggestions are not
 
economically sound yet. 
Considerable progress is expected by mid 1975
 
(1)although a 
much longer time spart isneeded fora thorough evaluation..
 
Personnel: Kamprath, Yost, Naderman, Langley. 
LDC staff: Soares, Lobato,
 

Galrio.
 

4. Zinc Rates and Residual Effects: A third set of long term
 
experiments was planted in Brasilia inOctober 1972. 
 They are designed
 
to evaluate the rates, variety and pH interactions of zinc applications.
 
Results to date (1)indicate that about 3 kg Zn/ha is essential to obtain
 

.yields and that liming of pH 6.4 induces additional zinc deficiencies.
 
Theresidual effects 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 including nati:e rock phosphate and fused phosphate silicates
 
(Termofosfato) on a pasture grass and legume at three lime levels. 
Two
 
greenhouse experiments are also evaluating the interaction between-lime,
 
phosphorus and silicates with emphasis indecreasing phosphorus fixation.
 
,ho preliminary results are available but considerable progress isexpec:

by mid 1976 (1)and 1978 (2). Personnel: Kamprath, Yost, Naderman, Smyth,
 

Sanchez.
 



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 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 test a large number
 

of 9rpmplasm for Brazilian sources at three levels of P and three of
 

.exchangeable aluminum. Collaboration with Cornell plant breeder, C. 0.
 

Grogran is expected. Personnel: Salinas, Sanchez, 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 parameters and native vegeta­

tion. Extreme low fertility characterizes the large majority of the
 

samples. Work will serve as a guide for extrapolation of experimental
 

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

8. Chemistry andMineralogy of Phosphorus Fixation:. Basic studies, 

using modern techniques are needed to better understand the process of 

phosphorius fixation by iron and aluminum oxides and hydroxides which'is 

the main fertility limiting factor in these savanna Oxisols. Basic 

laboratory-experiments were i:nitiate.4 in-Raleigh to understand the process. 

Considerable progress is expected by late 1975 and completion by mid 1977. 

Personnel: Buol, Bingham. 

9.. Sulfur, Potassium and Magnesium Studies: These elementsare also
 

limiting in these soils and information in their behaviour and require­

ments ,are needed. A proposed series of experiments starting in October"
 

1975"and terminating in 1978 would provide the necessary datf. Personnel:
 

Kamprath, others.
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10. EXTRAPOLATION 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

ducting satisfactory adaptive research trials will 
be considered.
 

Management of the Oxisols under savanna 
ecology is critical
 

in many countries.
 

Collaborators:
 

1") EMBRAPA, Brazil
 

.2) CIAT, Calrimanua, 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
 

cooperative projects will 
be established.
 

'Personnel: 
 NCSU - S. W. Buol, E. J. Kamprath, Naderman and
 

others.: 
Local cooperators to be identified.
 

8.3 Objective 3. (As stateI in 
section 2)
 

1. Soil Characterization: Soil 
soposequence relationship in
 
volcanic areas 
of Costa Rica completed by mid 
1974 (1). Additional
 

studies for new experimental 
areas planned. Personnel: Buol and
 

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

9. 
Nitrogen Manaqement 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 experiments
 

(1) indicate significant int'rcropping'effeqt in Turrialba. 
 Other
 
experiments programmed'for other regions. 
 Expected completion
 
by mid 1978. Personnel:....
Oelsl'igle,-cColUj, k6ssiterand others.
 

10 to 1-2. Phosphorus, Sulfur, and Liming Management in
 
Intercropping Systems: 
 A proposed series of experihients to be
 
conducted in 
important intercrnpped areas of Central America 
to
 

determine the dynamics of P, S. Ca, Mg and Al 
in intercropped •
 
systems and i.hat are 
the best w.ays to apply these nutrients or
 
amendments. 
 Long term experiments in wh-ich considerable progress
 
is expected by mid 1978 but economically-sound interpretations at
 
a:later date. Personnel: McCollum, Rossiter, Oelsligle and others.
 

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

I and 2. Essentially completed during, the present contract
 

period.-, 

3. Economic Interpretation of Field Results: 
 Economic researc
 
has shifted from the analysi.s .of data gathered prior 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
 

related data such as transportation 
costs.
 

terms and additional 


Perrin and assistants.
Personnel: 

Classification Svstem: 

The system
 
4. FertilityCapabi 


.presented in 1971 went through 
preliminary evaluation 4n 1973 (1)
 

is expected to-be published 
in
 

and the first formal version 
(2), 


Additional

data is also finished. 


1975. Evaluation of Brazi 
i an 


evaluation and interpretation 
is planned using existing 

data for
 

as in the U.S.
 
experiment stations in 

the tropics as well 


LDC Cooperators:
Sanchez. 

Personnel: Granger, Pope, Buol, 


Benavidez, Bejarano and 
others.
 

Soil Chara LizLiLonandLabortory

.- 5 and 6. Greenhouse 

MeedeA to ansvier basic question 
passed by the field 

Studies: 

Personnel:of data extrapolation.

or estimate degreeresearcil 
Perrin and
 

Cox, McCollum, Sanchez,.VIollun,
KanMprath, Buol, 


assi stants..
 technical
 
Publication and Distribution 

of Results: Annual 

,7. 


over 450 individuals
 
repor, and reprints of 

publications mailed to 


Sanchez, Monar.
Personnel:
and institutions. 


Required:
e.Resources
8.5 


Personnel:
 
Man-months
 

CamPus:-

6
 

P. A. Sanchez, Project Leader 
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Campus (cont.) 


C. B. NcCants, Department Head 


S. W. Buol, Soil Genesis 


E. J. Kamprath, Soil Fertility 


N. A. Granger, FCC System 


R. E. McCollum, Soil Fertility 


Research Assistants (3) 


C. Langley, Research Technician 


B. Monar, Bilingual Secretary I1 


D. McDonald, Bilingual Secretary II 


Total on Campus 


Yurimaguas:
 

Faculty Vacant, Coordinator 


Research'Assistants (3)-


Brasilia:
 

Faculty Vacant, Soil Fertility 


Research Assistants (3) 


Central America:
 

Faculty Vacant, Coordinator 


Research Assistants (3) 


Total Overseas 


Total Man-Year equivalent = 18.0 man-years
 

Hn-months (cont.)
 

3 

3 

3 

12 

3 

18 

12 

6 

6 

72 6 man­
years 

12
 

36
 

12
 

36
 

12
 

36
 

144 = 12 	man­
years 
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lajor equipment needs:. Project Vehicle for Brazil and
 

Yurtmaguas. Kadio transmitter 
for Yurimaguas.
 

described
 
Overseas stations and working 

relationships: 


previously.
 
$1,659,611


Total estimated costs: 


9. 'OVERALL COST ESTIMATES
 

estimate for the'three 
year period.
 

an
The following is 

per instructions of
 

No breakdown byobjective 
is presented as 


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

July 1, 1975 - June 30, 1978
 

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


1. Salaries
 
250,701
 

4 man-years, home office professional 
227,393 238,763 


2 man-years, home office non-professional
 

12 man-years, field professional
 

18.man-years, total
 

29,660 31,143. 32,700
 
2. Fringe Benefits 


3 Overhead 
77,320 81,186 85,245 

4. Travel and Transportation 64,500 67,000 70,000 

5. Supplies 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 

$1,659,611

Estimated'Three-Year Total 




--

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

OODBECTIVE 1. 


1. 	Characterization of Amazon Jungle soils. 


2. 	Slash-and-burn vs mechanized land cluaring
 
methods. 


3. 	Continuous cropping systems and changes in
 
soil properties. 


4. 	Nitrogen, phosphorus and lime requirements
 
of grass and grass-legume pastures. 


5. 	 Fertility requirements of-intensive
 
multiple cropping system for food crop
 
production. 


6. 	Major element response by upland rice,
 

soybeans, cassava and plantains. 


7.- Sulfur and micronutrient.-requirements; 


8. 	Potential use of Bayovar rock phosphates
 
in the Amazon Jungle. 


9. 	Development of a model farm for continuous
 
cropping in the AmzonJungle. 


10. Extrapolation of results to other jungle
 
areas via field experiments with coope­
rating institutions. 


OBJECTIVE 2.
 

1. 	Characterization of savanna soils. 


2. 	Re~idual.effects of liming applications
 
(including depth) in relation to crop
 
requirements and soil moisture. 


3. 	Residual effects of phosphorus fertiliza­
tion in Oxisols of Brasilia. 


4. 	Residual effects of zinc fertilization. 


5. 	Comparison of different phosphorus sources
 
and silicon application; to reduce fixation.
 
Residual effects. 


Starting 

Date 


June 71 


Aug. 72 


Aug. 72 


Sept. 73 


Jan. 74 


Aug. 74 


Feb.'74 


Aug. 74 


Sept. 75 


Sept. 75 


Sept. 71 


Dec. 72 


Oct. 72 


Oct. 72. 


Oct. 73 


Expected
 
Completion
 

June 78
 

Dec. 75
 

June 78
 

June 78
 

June 78
 

Dec. 76
 

June 78
 

June 78
 

June 78+
 

June 78+
 

June 784
 

.June78+
 

June 78+
 

June 78
 

June 78+
 

WSee also Time Table on pp..:28-31 for graphic dis-pla of beginning
 
course, and ending of activities.
 



6.'. 	Varietal and species differences intolerance
 
to high exchangeable aluminum and low avail­
able phosphorus. 


7. Distribution of soil properties inthe
 
Cerrado of Brazil. 


8. Basic chemistry and mineralogy of phos­
phorus fixation reactions inhighly weathered
 
soils. 


9.' 	Extrapolation of results to other Oxisol
 
savanna areas via field experiments with
 
cooperating institutions. 


OBJECTIVE 3.
 

1. Characterization of soils and climatic regimes

* 	of areas affected by vwcanic ash inCentral
 

America. 


2. 	Macro and micronutrient survey i-n Guaterla 

(concluded). 


3. Lona.term P.fertili7Ation inGuatemala
 
(transferred to ICTA) 


.4. 	 Intensive forage sorghum fertilization for 
dry season cattle feeding insix sites of
 
northern El Salvador. 


5.. 	 Fertility'management for upland rice pro­
.duction in Costa Rica. 

6. 	 Sulfur deficiencies and development of 
sulfur extraction methods inCosta Rica. 


7., 	Copper'toxicity inupland rice soilh
 
in Costa.Rica. 


3. 	Intensive multiple cropping systems
 
at three fertility levels involcanic
 
soils of Turrialba, Costa Rica., 


9. Nitrogen fertilization inintercropping
 
and multiple cropping systems. Four
 
locations inCosta Rica, possible in
 
El Salvador. 


Starting;
Date 

Expected
Completion 

Jan. 74 Jan. 78+ 

May 73 Dec. 75 

Jan. 74 June 77 

Oct. 75 June 78+ 

March 73 


7*Dc
 
Aug. 71 


Jan. /2 


March 73 


April 73 

April 73 


April 73 


Dec. 72 


July 73 


June 78
 

Dec. 73
 

Dec. 73
 

Dec. 75
 

Dec. 75 

Dec. 74
 

Dec. 74
 

Dec. 75 

June 7P
 



10. 	Phosphorus fertilizer management in
 

intercropping and multiple cropplng
 
.systems. At several locations in
 
Central America. 


11. 	Sulfur fertility management in inter­

cropping and multiple cropping systems
 

At several locations inCentral Aerica. 


12. 	Liming intercropping and multiple 
crop-


At several locations in
ping 	systems. 

Central America. 


OBJECTIVE 4.
 

.1. 	Literature Review (State 
of the art)
 

completed May, 1974.
 

2. Economic analysis of methods for esti­

mating fertilizer recommendations. 


3. Economic interpretation of experimental
 

results and data extrapolation. 


4. Development and evaluation of 
the fer­

*til.ity-capability classification'system
 

(World Wide). 


i. Greenhouse and laboratory studies 
to
 

help interpret field data and to esti­

mate possibilities of extrapolation 
of
 

other countries or
results to soils o. 

regions (Fertility, cheiical, and
 
microbiological studies). 


Location%
 

6. Characterization studies ot otner
 

-tropicalregions to help interpret
 

and extrapolate data.
..
 

7. Publication and distribution 
of research
 

results in to languages. 


Starting

Date _ 


Sept. 75 


Sept. 75 


Jan. 76 


J'une 70 


Jan. 75 


June 	71 


.tune 70 


June"70 


Dec. 71 


Expected

Completion 

June 78+
 

June 78+
 

June 78+
 

Dec. 74
 

Ju;ie 78
 

June 78
 

June 	78
 

June 78
 

J.une 78
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BUDGET PROPOSAL
11. 


The revised budget as submitted appears to be-a major increase
 

The
 
The request Is justified however. 


over the current level. 

The program
set in 1969.
of this project was 
overall funding level 


below- the projected 
levels in the
 

evolved gradually, 
starting well 


was reached only 
in'the
 

The full operating level 

first years. 


Estimated expenditures 
for the 12.monthg
 

current year. 


1975 amount to $380,000.
 
March 31, 
 A.I.D. reqgueutafter
scaled down at 


The current budget 
was 

reduction
Total 


.review by the Research 
and Development Committee. 


was about $150,00 
over three years. are
 

increased costs 
which 


Three factors have 
contributed to 


One is increased 
salaries.
 

program. 

not directly related 

to t.he 


entitled to and have received increases 
in
 

The
Facul.ty and staff are 
the progranfl1


and value to 

increased competence 
recognition of 

to adjust salaries 
to off­

un-ivers1ty has also'found 
it necessary 

The second
 

set the eroding 
effects of.the. rising 

cost of living. 


goods and services-has
 The cost of all 

inflation.
is general 


This has been a 
greater problem 'overseas 

than in the
 

increased. 


is severe enough. 
Yurimaguas has-been 

especially
 

U.S., where i't 

The third is'reduction 

in
 

hard hit because 
of its isolation. 


which is'gradually
 

services from AID, 
specifically USAID/Brasilia 


,hasing out its support.
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Modest Program expansion is also planned and is needed.
Years, service above the 1972 
 Four
level 
are programmed
On-campus professional for the field. 

increased only six 

time has decreased and secretarial Support
months. 

6t Yurimaguas 

The new Position of Faculty Coordinator
is Probably the most urgently needed of the field
additions. 
 The additional 
research assistants 
in the field will

make the senior staff more effective. 
 Since the assistants 
are
also students and most often from a developing
serve both to 	 country, they
conduct research and to 
promote the 
use of the re­
sults obtained­

12. GEN4ERAL APPRAISAL
 
STA/AGR 	finds this 
a Wholly reasollable 
proposal
a productive 
P"Oject. 	 for extensi.on of
The Objectives 
are concise~ly stated in terms
 

of Usable packages of practices to fitin three clearly 	 the probableInazones. defined 	 farming pattern,
 
o
contributing toward these objectives 
 b 

Specific activities
are briefly butandably
 
describedland 


pe'rsonnel 
to be 
involved identified.
.A timetable has been drawn up 
 for the 
 commencement 

and termina
tion of each activity and shown graphically 
so
and,overlap 	 that the sequ'ence
can 
be appreciated 
readily. 


represents 	 The variety-of 
activities
a true ass.essment, 
of the 
understudy, systemsthe inter-relatedand 

interacting factors, rather 



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.
 

The budget has been tightened at their request. The extrapolation,
 

adaptive research, plan pp. 35 and 40, were also amplified at their
 

request but remains tentative since no commitments to local insti­

tutions were possible without the contract extension.
 

Approval of extension of this project for three years until
 

June 33, 1978 is recommended. The budget request is reasonable
 

and should be accepted subject to the availability of A.I.D. and
 

TA/AGR funds.
 



UCmE'Ru S FROM A.I.D. RESEARCH ADVISORY COMMTnE -

FORiY-EIGHTH t1EETING
 

March 20 - 21, 1975
 

- N.C. csd-2806
Review of Aironomic Economic Research on Tropical Soils 


This project was strongly supported by the subcommittee for its agronomic 

work. As in ear'642r reviews, the integration of the economic component 

was still judged Lo be incomplete and as the extension proposal was 

written quite insufficient. 

The motion of approvl was: The project Agronomic Economic Research
 

on Tropical Soils be approved 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 new
 

activities are undertaken; (2) that staff ztme be aljlocated to this
 

required integration; (3) that a comprehensive review of the pro.ect
 

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 FOILS
 

North Carolina State University
 

csd-2806
 

|. SCOPE OF WORK
 

The contract aims at developing a "package of economically-sound soil
 

management practices for increasing food production in 1) jungle soils
 

presently under shifting cultivation, 2) acid savanna Oxisols and 3) inter­

cropping systems involcanic highlands. Such practices could be extrapo­

lated to areas other than where the research isconducted.
 

2. OBJECTIVES: EXPECTED PRODUCTS
 

.Objective 1): To develop a package of economically-sound soil and
 

fertilizer management practices for increasing food production via
 

continuous cultivation of jungle soils presently under shifting cultivation.
 

The result of such a set of recommendations when applied at the farm level
 

would be to open large new areas of tropical rainforests--for-fOod crop
 

production, on an ecologically-sound basis.
 

Objective 2): To develop a package of economically-sound soil and
 

fertilizer management practices for increasing food production in'acid
 

Oxisol tropical savannas. The result of such a set of recommendations
 

when applied at thefarm level would bring into production huge areas of
 

tropical savannas presently not utilized.
 

TA/AGR:3/75
 



Objective 3): To develop a package of economically-sound soil and
 

fertilizer management practices for increasing food production insub­

sistence intercropped systems small farming operations inhighland areas
 

affected by volcanic activity. The result of such a set of recommenda­

tions, when applied at the "arm level would be to markedly increase the
 

productivity of intercropped systems and the well-being of such farmers.
 

Objective 4): To develop means 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 inother areas. The result of such studies

/ 

would be the verification (or lack of) of the extrapolability Iof data 

from intensive study sites to other jungle-and savanna or intercropped 

volcanic areas. 
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3. PLANS.TO FACILITATE UTILIZATION OF RESULTS
 

A research contract of this nature should be ultimately judged by
 

the degree of farmer adoption of the research results. Although the
 

delivery 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.
 

To publish
The strategy of dissemination will continue as present: 


as quickly as possible new significant research results, first in
the
 

Technical Annual Reports and when appropriate inscientific articles.
 

This
Significant results will be published inEnglish and Spanish. 


information will be then distributed to recipients inour mailing list
 

and also to additional personnel by the cooperating institutions in
their
 

euntry 

third phase inthe work plan of
Inaddition, itisproposed that a 


Phase III would consist of establishing
the-contract be initiated. 


cooperative agreements with other institutions to conduct applied-type
 

field research inother areas inorder to test the degree of extrapolation
 

possible within the three ecological regions. As previously mentioned,
 

requests for such work has been received from several other countries. If
 

small research network
implemented Phase III would ineffect establish a 


Figure I.

specifically concerned with the objectives of this contract. 


shows the potential sites for Phase III operations.
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FIgure 1. Potential sites of field extrapolation and utilization of
 
results under discussion.
 



'4. PROJECTADESIGN AND METHODS 

-A specific list of research projects,ar utlned onTable I as a. 

Each activity involves means for accomplishinS the research objectives. 


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-


A certain amount of flexibility is needed when
 
plishing the objectives. 


Interpreting this table, because research contracts 
cannot be planned
 

Unless otherwise
 
with as much precision as the table might imply. 


specified field activities are to be conducted 
in Yurimaguas, Peru, for
 

Objective 1, in Brasilia, Brazil for Objective 2,_in Central America for
 

'.ective 3 and on rra-tis on Obiective 4. 

4.1 	 Objective l. (As stated in Section 2).
 

1* Studies on
 1. Characterization of Amazon Jnqie Soils. 


2. Field studies on Peruvian
 Colombian Amazon finished January 1973. 


3. Detailed soils map of Yurimaguas Station
 Amazon Jungle completed. 


Further activities contem­expected to be completed.by September 1975. 


plated include characterization of potential 
extrapolation sites.
 

Requests for cooperation received from Pucallpa 
and Iquitos (PerG),
 

Proj.!ct personnel involved in charac-

Aniap- (Brazil), eastern Ecuador. 


terization study of soils in	the Venezuela Amazon 
with financial support
 

Personnel: S. W. Buol, E.'J..Tyler.. LDC
 
from Venezuelan government. 


cooperators: S. T. Benavides, C. Valverde, C. Zam3ra, M. Camargo.
 

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

risearch at Yurimaguas completed.- Results shoW the advantage of the
 

traditional slash and burn system over mechanized land clearing. Report
 

In~preparation. Expected completion Decenber 1975. Personnel: P. A.
 

.Sanchez, C. E. Seubert, C. E. Lopez. LDC collaborators: C. Valverde, M.
 

Nurena.
 

3. Continuous cropoinq systems and changes in soil properties.
 

Started August 1972. Expected completion: 10 years. Experimental design
 

consists of four consecutiveyearly land clearings with four cropping
 

systems Lnd 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
 

develop cropping systems. To date, the first three land clearings have
 

been carried (Milestones 1, 2, 3). The fourth is planned for July 1975.
 

In addition to yield data collection, intensive soil and plant sampling
 

taken at regular intervals monitors changes with time. Results so far
 

indicate that continuous cropping is economically feasible in these
 

jungle Ultisols and that adequate to excellent yields of upland rice,
 

soybeans, cassava and pastures have been obtained with moderate amounts
 

of fertilizers and lime. Personnel: P. A. Sanchez, C. E. Seubert, C.
 

E. -opez, H. Villachica, C-tanjgley. LDC collaborators:.C. Valverde,
 

H. Nurea.
 

4. Fertility reduire,.-encs for pasture production in the Junle:
 

Two forage experiments with.Panicum maximum are evaluating the nitrogen,
 

phosphorus, and lime requirements, including an evaluation of urea,
 

sulfur-coated urea and Stylosanthes quyanensis as the source of nitrogen.
 

superphosphate ard several rock phosphates incldding ,Bayovar rock..
 



1. 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 nutrient
 

analysis and in-vitro digestibility in cooperation with the Animal Science
 

Department. A third experiment comparing methods of lime and phosphorus
 

incorporation 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 cooperators: 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

-roppinq effect on nitroqen fertilization x sDacina in corn-sovbeans­

cassava intercropping. 2. Residue management at different fertility
 

levels in corn-soybeans-cassava intercroppings. 3. Residue management
 

at different fertility levels in corn-soybeans-rice succession. 4. Lime
 

response and depth of liming in corn-cowpee intercropping and mono­

cultures. 5. Fertility requirements for intensive cropping systems
 

ranging from one to five crops a year. 6. Germplasm introduction and
 

tdsting 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. M3jor element responses in principal food crops_: Responses to
 

K, and lime by upland rice, soybeans, cassava and plantains. The
P 
pups stetbihte........ ". .............".. rats . . .
 

purpose is to establish the needed application rates and'critical soil
 



-test levels. Termi,. Jlon of field experiments expet.ed by September
 

1975. Completion of work Vxpected by December 1975. Personnel: G. S.
 

Miher, D. Anderson.
 

7. Sulfur and micronutrient requirements: The initial continuous
 

cropping.experiment demonstrated the existence of sulfur, boron and
 

molybdenum deficiencies in these soils. 1. Greenhouse tests inRaleigh
 

,onfirmed these deficiencies and identified zinc and copper deficiencies.
 

Field trials expected to start in March 1975. Data suggests that sulfur
 

and micronutrient deficiencies might be crucial limiting factors. If so
 

their solution with small quantities of inputs transportable at low
 

costs seems economically feasible. Personnel H. Villachica, P.A.
 

Sanchez. LDC collaborators: C. Valverde.
 

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

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

the Coast. Its potential is naturally believed to be for acid soils,
 

most of which are in the jungle. Although Bayovar..rock is included as
 

treatments incertain experiments in projects 4 and 5, a systematic
 

evaluation of its reactivity fineness and residual effects is needed to
 

ascertain 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 MIINEROPERU. Preliminary greenhouse
 

experiments are in progress in Raleigh and inLima by counterpart
 

personhel. Field experiments are expected to be planted by March 1975.
 

Personnel: H. Villachica, G. S. Miner, P. A. Sanchez. LDC collaborators:
 

C. Valverde, J. Davelouis, M. Cano.
 

9. Developing of'a "model farm" for continuous croppinq in the
 

amazon: To be started in 1976. A synthesis of all finctings 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. Extripolation 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
 

tropical areas with similar environmental conditions. The ex­

pected results of such work would further this contract's and
 
AID'- -b= .... ( 6t " ni• ....... it would te -ao a vi
 

polation possible of the results and the necessary local modifica­

tions and (2) it would encourage direct utilization by farmers in
 

other regions.
 

Unlike previous arrangements developed with LFC's in this
 

contract, no active seeking of appropriate locations will be
 

done by NCSU staff. It is preferable to respond to requests
 

from LDC institutions or USAID missions for collaboration. Only
 

those institutions that show a high priority interest and wil.ling­

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
 

from the following institutions:
 

1) - Universidade Federale Rural do Estado do Rio de Janeiro,
 

Amapi, Brazil 

2) - INIAP, Ecuador 

3) - IVITA, Pucallpa, Peru 

4) - Universidad Nacional Agraria La Molina, Per 

5) - Universidad de Panama 

The following mode of operation is envisionedr
 

I) Selection and evaluation of the sites will be made jointly 

by NCSU and the host institution's staff. This will 

involve soil characterization studies. 

2) A series of applied-type experiments will be designed. 

These will synthesize the principal results from the main 

stations. 

3) The experiments will be conducted by personnel from the 

cooperating institutions. When appropriate they may 

serve as thesis topics for graduate studies at NCSU or 

other institutions. All operatin.g expenses must be 

borne by. the cooperating institutions. 

4) NCSU staff will serve as advisors, and will cooperate on. 

executioh and interpretati'o'n of the work. Certain soi'l 



plant ana'lysis may be conducted at Ral'eigh 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.
 

.DC collaborators: to be.identified.
 

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

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

of extrapolation in the Cameo Cerrado by Cline and Buol. 
 2. Work
 

continuing in Llanos Orientales in collaboration with CIAT. 3 and 4.
 

Expected additional studies in sites for potential extrapolation.
 

"ersonnel: S. W. Buol, L. Mejia. LDC collaborators: M. Camarao, J. Spain,
 

t.Guerrero and others.
 

2. Depth of Liminq and ResidUal Effects. *Along term experiment wa;
 

initiated lin'December 1972, to evaluate the effect of different lime
 

applications and the potential benefits of liming to 30 cms. depth.
 

Results to date (1)indicate that deep liming is superior to shallow line
 

application because it increases root development and allows plants to
 

withstand dry periods better. Two crops are grown per year and preliminary 

inaications ot tne resiauai erTects (z) inaicate that reiativeiy low
 

rates are adequate. Several more years are.needed to evaluate this
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effect ineconomic terms. Personnel: Kamprath, Gonzalez, Salinas,
 

Nederman. LOC staff: Soares, Lobato, Galrio.
 

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

term experiment was planted inOctober 1972 to evaluate the effect of
 
rates, placement and timing methods. 
Results to date suggest that large
 

applications have a
marked residual effect and that a combination of an­
original broadcast application followed by banded applications at each
 

successive planting might be reconmendable, but these suggestions are not
 
.economically sound yet. Considerable progress is expected by mid 1975
 
(1)although a 
much longer time span is needed for a thorough evaluation.
 

Personnel: Kamprath, Yost, Naderman, Langley. 
LDC staff: Soares, Lobato,
 

Galrio.
 

4. Zinc Rates and Residual Effects: A third set of long term
 
experiitrLs was planted in Brasilia inOctober 1972. 
 They are designed 

to evaluate the rates, variety and pH interactions of zinc applications. 

Results to date (1)indicate that about 3 kg Zn/ha is essential to obtain 

yields and that liming of pH 6.4 induces additional zinc-deficiencies. 

The residual effects of such applications should be adequately established 

by early 19781- Personnel: Cox, Lopes. 

5. Phosphate Sources - Silicate Applications: Field experiments
 

Oere established in October 1973 to evaluate cheaper sources of phospho­
rous including native rock phosphate and fused phosphate silicates
 

(Termofosfato) on a pasture grass and legume at three lime levels. 
Two
 
greenhouse experiments are also evaluating the interaction between lime,
 
phosphorus and silicate! with emphasis indecreasing phosphorus fixation.
 

preliminary results are available but considera-ble progress is expec',.
 

by mid 1976 (1)and 1978 (2). Personnel: Kamprath, Yost, Naderman, Smyth,
 

Sanchez.
 



6. "arietal and Species Differences in Tolerance to Al and lcw P.
 

A Series of culture solutio' studies-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 test a large number
 

of germplasm for Brazilian sources at three levels of P and three of
 

exchangeable aluminum. Collaboration with Cornell plant breeder, C. 0.
 

3rogran isexpected. Personnel: Salinas, Sanchez,.Naderman, Jackson.
 

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

;amples'were taken throughout the Cerrado inorder 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
 

samples. Work will serve as a guide for extrapolation of experimental
 

results. Expected ccmpletion in late 1975. Personnel: Lopes,-Co:..
 

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

using modern techniques are needed to better understand the process of
 

phosphorus fixation by iron and aluminum oxides and hydroxides which is
 

the main fertility limiting factorin these savanna Oxisols. .Basic
 

laboratory experiments were initiatea"in Raleigh to understand the process.
 

Considerable progress is expected by late 1975 and completion by mid 1977.
 

Personnel: Buol,.,Binghah.
 

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

limiting inthese soils and information in their behaviour and require­

ments are needed. A proposed series of experiments starting inOctobe., 

1975 and terminating in 1973 wduld.provide the .necessary:dsta. Personnei: 

:KamipratK, others. 



10. 	 EXTRAPOLATIONSTUDIES: The operating pattern will be 

item 10. Objective 1. NCSU will 
essentially the same as for 


examine the situation and help design the best limited number
 

lead to economical field
 
.of management combinations which will 


be financed and conducted
Actual tests will
recommendations. 


Only those willing and capable of con­by the local cooperators. 


be conside.ved.

ducting satisfactory adaptive.research trials will 


Management of the Oxisols under savanna ecology is critical
 

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 reached
 
be held with the institutions and where agreement can 


be established.
-ooperative projects will 


NCSU - S. W. Buol, E. J. Kamprath, Naderman and
 Personnel: 


%others. Local cooperators to be identified.
 

IObjective 3. (As stated in section 2)
 

Soil soposequence relationship.in
1. 	Soil Cliaracterization: 


mid 1974 (1). Additional
 
areas of Costa Rica'completed by
volcanic 


areas planned. Personnel: Buol and
 
studies for new experimental 


assistants.
 



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

nation by 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 experiments
 

tI) indicate significant intercroppirg effect in Turrialba. 
 Other
 

!xperiments programmed 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 experihients to be
 

conducted in important intercropped 
areas of Central America to
 

determine the dynamics of P, S, Ca, 
Mg and Al in intercropped
 

systems and what are 
the best ways to apply these nutrients or
 

amendments. Long term experiments 
in which considerable progress
 

is expected by mid 1978 but economically-sound..interpretations at
 

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

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

I and 2. Essentially completed during the present contract
 

period.
 

3. Economic Interpretation of Field Results: 
 Economic researc
 

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

to analyzing the data produ.ced by th'e 
field research activities.
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It involves translating'the agronomic 
research results in economic
 

as transportation costs.
 
terms and additional related data 

such 


Perrin and assistants.
Personnel: 

The system
 

4. Fertility-Capabllity Classification 
Systenf: 


(1)
 
presented in 1971 went through preliminary 

evaluation in 1973 


Js expected to be published in
 version (2),
and.the first formal 

Additi.onal
 

1975. Evaluation of Brazilian data is also finished. 


evaluation and interpretation is 
planned using existing data for
 

in the U.S.
well as 

experiment stations in the tropics 

as 
LDC Cooperators:
Si.nrhP7.
Personnel: Granger, Pope, Buol 


Benavidez, Bejarano and others.
 

anA C^41 hrctr~a~ se,- -Labortp9y5 arid G. Gre 
Needed to answer basic question passed 

by the field
 
Studies: 


Personnel:
 
research or estimate degree of 

data extra"polation. 


Kamprath, Buol, Cox, McCollum, Sanchez, Wollum, Perrin 
and
 

assistants.
 
technic a'
 

7. 	Publication and Distribution of Results: Annua'l 


over 450 individuali
 
report and reprints of publications mailed 

to 


Personnel: Sanchez, Monar.
 
and institutions. 


4.5 Resources Required'
 

Personnel:
 
Man-months
 

Campus : 

6
 

P. A. Sanchez, Project Leader 
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Campus (cont. 	 Man-months (cont.
 

C. B. McCants, Department Head 	 3
 

S. W. Buol, Soil Genesis 	 3
 

E. J. Kamprath, Soil Fertility 	 3
 

N. A. Granger, FCC System 	 12
 

R. E. McCollum, Soil Fertility 3
 

Research Assistants (3) 18
 

C. Langley, Research Technician 	 12
 

B. Monar, Bilingual Secretary Il1 	 6
 

D. McDonald, Bilingual Secretary II 	 6
 

Total 	on Campus ..72-=.6 man­
years
 

Yurimaguas:
 

Faculty Vacant, Coordinator 12
 

Research Assistants (3) 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 an­
years
 

Total Man-Yeir equivalent'= 18:0 man-years
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Revised'Budget for Proposed
 
Tropical Soils Research Program
 
North Carolina State University
 

July 1, 1975 - June 30, 1978
 

Object 
Estilmated Cost 

1975-76 1976-77 
oer FY 

1977-78 

1. Salaries 

4 man-years, home office professional 
227,393 238,763 250,701 

2 man-years, home office non-professional 

L2. 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 
64,500 67,000 •70,000 

,5. Supplies and Equipment 
80,400 85,000 90,000 

6. Quarters Allo-wance-
30,600 32,000 "34,000 

7. Other Direct Costs 
15,000 17,000 20,000 

Total 1524,873 $552,092 $582,646 

Estimated Three-Year Total $1,659,b1 
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5.WORK PLAN: April I, 1975 - June 30, 1978.*
 

OBJECTIVE 1. 

1 Characterization of Amazdn Jungle soils. 

Starting 
Date 

June 71 

Expected 
Completion 

June 78 

2 Slash-and-burn vs mechanized 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-legumie pastures. Sept. 73 June 78 

5 Fertility requirements of intensive 
multiple cropping system for food crop
-production. 

6. Major element response by upland rice, 
soybeans, cassava and plantains. 

7. Sulfur and nicronutrient requireients. 

Jan. 74 

Aug. 74 

Feb. 74 

June 78 

Dec. 76 

June 78 

8. Potential use of Dayovar rock phosphates
'inthe Amazon Jungle. Aug. 74 June 78 

9. -Development of a model farm for continuous 
cropping in the ka±zon Jungle. Sept. 75 June 78+ 

10. Extrapolation of results to other jungle 
areas via field experiments with coope­
rating institutions. Sept. 75 June 78+ 

)BJECTIVE 2. 

1 Characterization of savanna soils.' Sept. 71 June 78+ 

2 

3 

Residual effects of liming applications
(including depth) in relation to crop
requirements and soil moisture. 

Resjidual effects of phosphorus fertiliza­
tion inOxisols of Brasilia. 

Dec. 72 

Oct. 72 

June 78+ 

June 78+ 

4, Residual effects of zinc fertilization. Oct. 72. June 78 

S. Comparison of different phosphorus sources 
and silicon application; to reduce fixation. 
Residual effects. Oct. 73 June 78+ 
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St.. ring Expected 
Date Completion 

6. Varietal and sp~cles differences intolerance
 
to high exchang;tble aluminum and low avail­
able phosphorus. Jan. 74 Jan. 78+
 

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

8. Basic chemistry ar mineralogy of phos­
phorus fixation reactions inhighly weathered
 
soils. Jan. 74 June 77
 

9. Extrapolation of results to other Oxisol
 
savanna areas via field experiments wjth

cooperating institutions. Oct. 75 June 78+
 

OBJECTIVE 3.
 

1. 	Characterization of soils and climatic regimes

of areas affected by volcanic ash inCentral
 
America. 	 March 73 June.78
 

2, Macro and micronutrient survey inGuatemala
 
(concluded). Aug. 71 Dec. 73
 

-
3. 	Long term P ferti! zatinn in G,-tsr a1
(transferred to ICTA) Jan. 72 Dec. 73 

4. Intensive forage sorghum fertilization for
 
dry season cattie feeding insix sites of
 
northern El Salvador. March 73 Dec. 75
 

5. 	Fertility management for upland rice pro.

-duction inCosta Rica. 	 April 73 Dec. 75
 

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

7. Copper toxicity inupland rice scils
 
inCosta Rica. April 73 Dec. 74
 

8. 	Intensive multiple crnppir.g systems
 
,at three fertility levelis involcanic
 
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 7t
 



Storting Expected
 
Date Completion
 

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

11, "Sulfur fertility managenient in inter­
cropping and multiple cropping systems
 
At several locatlyis inCentral America. Sept. 75 June 78+
 

12. 	 Liming intercropping and multiple crop­
ping systems. 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 recommandaticns. June 70.... Dec, -74


3. Economic interpretation of experimental 
,results and data extrapolation. Jan. 75 June 78 

4. 	S;f, iu. nn nr -n frn 

tility-capability classification system.
 
(World Wide). June 71 June 78
 

.5.Greenhouse and laboratory studies to
 
help interpret field data and to esti­
mate possibilities of extrapolation of
 
results to soils of other countries or
 
regions (Fartility, chiemical, and
 
microbiological studies). 	 June 70' June 78
 

Location
 

6. Characterization studies of other
 
tropical regions to help interpret
 
and extrapolate data. June 70 June 78
 

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



A/10 
- 24 - qIDs015 0 

PP-AAC 811 

ProJect Review:
 

Food and Nutrition 

Agronomic-Economic Research on
 
Tropical Soils - North Carolina
 
State University.;
 

Dr. Whitney, Chairman of the Subcommittee composed of Drs. D.
 
Peterson, M. Peterson, and Heady, reported as follows:
 

This project was initiated in 1970 by the Soil Science Department
 
of the North Carolina State University. The purpose was to find ways to
 
increase the productivity of the highly weathered soils of the Latin America
 
tropics. 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 and data is significant. 

Some of the issues concerning the extension are: (I) What-new infor­
mation will be obtained? Techni.al problims for varient sites, longer term 
implications, and economic analyses are needed before making recommendations 
to farmers. (2) Are the goals acceptable and obtainable? The original 
objectives and studies were quite diverse and diffused. Objectives for the 
extension are more specific, being focused toward continuous cropping, inter­
cropping systems, and further evaluation of nutrient needs, ways to over­
come toxicities, and evaluation of longer-term carryover effects of.previous
 
fertilizer applications. The goals are feasible. Attentiol, needs to be
 
given to the supply and economics of the 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 Subcommittee 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 important and 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 considerations 
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
 
as limited as stated. There should be a better statement. 
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Dr. D. Peterson was impressed with the tremendous potential resource
 
of tropical soils as a source of food. He was favorable to the project.
 
The soil clcssification 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 collection and analysis. 

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

Dr. John Malcolm, TA/AGR, expressed his appreciation to Dr. Heady for 
an opportunity to review his comn.ients 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 savannah is certainly correct.
 
It cannot be solved with pbosphates, but only by complex interactions. The
 
least/cost combination may involve processing to depth mechanically thereby
 
using less buz treating more 3oil volume. He referred to the selection of
 
plants for tolerance as a significant factor in working out successful com­
bination treatments. The economic 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 preserited;-(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 
.uality/Content in Maize 
- Purdue University 

Dr. N. Peterson, Chairman of the Subcommittee composed of Drs.
Mlner, 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 im­prove protein content and quality of maize. 
The principle 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 trans­are 

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 highlysine. 
The problem as yet unsolved is how to overcome the undesirable
 
characteristics associated with the high lysine mutants. 
Goals are
 
to increase seed size, improve yields, gain better disease and insect
 
resistance, and develop a more acceptable starch.
 

Issues involved appear to be these:
 

1. Obtainment of objectives: Obtainment has proven far more

difficult than 
originally envisioned. Progress is being made slowly
and with difficulty. 
Full goals are not likely to be reached in the
 

years. onnext three Work the double mutants is promising and probably

should be completed.
 

2. Progress Purdue project:of the 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 the Purdue project needed? Alternatives are CIMMYT and thecommercial breeders. CIMMYT on paralled courseis a 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 isreached in 5 years. However, the initial idea that 

not 
Purdue would concentrate 

on genetic and biochemical studies and CINMYT 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 naxdmum effort devoted to the genetic studies of double
and multiple combinations of endosperm mutants and the possible benefits
of modifier genes. Responsibility for the breeding work should be shifted. to CIMMYT for tropical varieties, to commercial breeders for temperate

varieties, and to the regular ongoing research of ARS and the state
 
agricultural experiment stations for the U.S. 
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E orst
Teio rnARTi. r i 

s forth in the Schedule, the Contractor
A. ror a period hereinafter 

agrees to develop a "package of economically-sound soil management practices 

for increasing food produtOxin 1) jungle soils presently under shifting 

cultivaticn, 2)acid savanna Oxisols and 3)inter-cropping systems involcanic 

Such practices could he extrapolated to areas other 
than where 

giighlans. 


the research is conducted.
 

This work is a continuation of the research formerly carried out, 

The following objectives and productsunder Contract No. AID/csd-2806. 


shall reflect the work previously done and incorporate'those 
results into
 

this scope of work.
 

B. Objectives: x.AEcte Products 

to develop a package of econor:tically­
Objecti-e I): Contractor agi.ets 

production
sou;nd soil and fertilizer ,.na-e..ent practices for increasing food 

via continuous cultivation of jungle soils presently under shifting cultiva­

applied at the
rcoelrondations when
tion. The result rf such a set oF 


of tropical rainforests for

wili Le to open lirge new aroasfarn" level 


food crop proeuctiori, on ar; ecologicily-sould basis.
 

package of economically-

Objective 2):. Contractor agrees to develop a 


practices for iticreas.ing food production
fertili:zer rman~ger.mntsound soil and 

a set of recorvrendations
in acid Oxisol tropical savannas. The result of such 


th- farni level will bring into production huge areas of
 
when applied at 

tropical savannas presently not utilized.
 

Contractor agrees to develop a package of econorlically-
Objective 3): 


sound soil and fertilizer managelpent practices for increasing 
food production
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insubsistence intercropped systems small farming operations in highland
 

areas affected by volcanic activity. The result of such a set of
 

recornendations, 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 extrapolating the products of Objectives 1 to 3 to other areas via
 

economic interpretations, additional greenhouse and laboratory work on
 

carpus and thr'ogh cooperative field trials inother areas. The result of
 

such'studies will be the verification (or lack of) of the extrapolability
 

of drta from intensive study sites to other jungle and savanna or intercropped
 

volcanic areas.
 

C. .Si.tt:vof_[iss ination 

The strategy of dissemination shall be as follows: To publish
 

as quickly z:s possible new significant research results, first inthe
 

Technical Annual Reports z;nc when appropriate in scientific articles. 

Significant results shall be published inEnglish and Spanish. This
 

information shall then be distributcd to recipients on Contractor's
 

mailing li. arid also to additional personnel by the cooperating institutions 

in their country. 

D. Project Desion and flethods 

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

means for accoiplishing the research objectives. Each activity involves 

one or several experiments. The starting dates, "milestones" and expected 



completion appear inTable 1. The narrative 
of each activity follows.
 

Activities under each objective are interdependent. 
Additional activities
 

shall be identified in the course of research 
as needed for accomplishing
 

A certain amount of flexibility is needed when interpreting
 
the objectives. 


this table, because research cannot be 
planned with as much precision as
 

Unless otherwise specified field activities 
are to
 

the table might imply. 


be conducted in Yurtaguas, Peru, for Objective 
1, in Brasilia, Brazil
 

for Objective 2-, in Central America for Objective 3 and on campus 
on
 

Objective 4.
 

(As stated in Section B).
Obecivei1 


,m,z6n JdngleSoils. I*-Studies on
 1. Characterization of 

Field studies on Peruvian 
Colonbi n Amazon finished J-nuary 1973. 2. 

3. Detailed soils map of Yuriviaguas Station
 Aazon Jungle completed. 


- ,ber 1975. 'Further activities contemplated
.
shall be copleted by.Septe
 

Requests for
 
i.rcl.id. "charactcrizati'fnof potential extrapolation 

sites. 


cooperation received from Pucallpa and Iquitos 
(Peru), Amapa (Brazil),
 

Project personnel involved in characterization study of
 
eastern Ecuador. 


soils in the Venezuela Amazon with financial support from Venezuelan govern.
 

S. W. Buol, E. J. Tyler.
ment. Perscnnel: 

productivity.


2. Effects of land clearing nethods on soil 


Results show the advantage of
 
1. Field research at Yuriflcguas copletcd. 


the traditional slash and burn system over-mechanized 
land clearing.
 

Personnel:
Shall be completed by December 1975. 
Report in preparation. 


P. A. Sanchez, C. E. Seubert, C. E. Lopez.
 

*These numbers refer to the "milestones" 
of Table 1.
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3. Continuous cropping systems and changes in soil properties
 

Started August 1972. Experimental design consists of four
 

consecutive yearly land clearings with four cropping systems and fertiliza­

function of age after clearing. Changes
tion strategies to be tested as a 


insoil properties associated with fertility depletion are measured. This
 

is the central, long tern experiment to develop cropping systems. To date, 

the first three land clearings have been carried (Milestones 1; 2, 3). 

In addition to yield data collection,The fourth 'is planned for July 1975. 

intensive soil and plant samipling taken at regular intervals monitors
 

Results so far indicate that continuous cropping is
changes with ti!.e. 


econor-icelly feasible inthese jungle Ultisols and that adequate to
 

excellknt yield.- of uplarnd rice, soybeans, cassava and pastures have 

bven obtained with moderate amounts of fertilizers and lime. Personnel:
 

P.A. Sanshez, C. E.Seubert, C. E.Lopez, H. Villachica, C.Langley.
 

4. Fertility reLireents for pasture production inthe 

Jungle: 

Two forage experiments with Panicum mixinum are evaluating 

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

of ureai, sulfur-coated urea and Sylosanthes _Uanensis as the source of 

nitrogen, superphosphate and several rock phosphates 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
 

Feeding quality of forage determined by
applications every six months. 




Animal
 
nutrient analysis and in-vitro digestibility 

incooperation with the 


Science Department. A third experiment corparing methods of lime 
and
 

phosphorus incorporation inexhausted pastures 
was initiated in 1974.
 

An additionial phase consisting of animal evaluation shall be initiated.
 

Personnel: P.A. Sanchez, C. E. Lopez, C. Langley.
 

5. Fertilit.efirements of multiple£_cring system for 

Contractor agrees to de'elop information for the second
 food [Lr.duction: 


"model farm": intensive food production for subsistence
 component of,tOi 

purposes and lQcal rarketing. Experiments inprogress in: (a)Inter­

cropping effect on.nitrcgen fertilization 
x spacing'in corn-soybeans-cassava 

intercropping. (b) Residue management at different fertility 
levels in
 

(c) Residue managenent at different
irntercroppings.
corn-.soybeans-.cassav 

(d)Lime response and
 
fertility levels incorn-soybeans-rice succession. 


depth oF liming incorn-covipea intercroping and monocultures. 
(e)Fertility
 

requirements for intensive .cropping systemrs 
rangin. from one to five crops
 

(f)Gcermplas.n introdluction and testing of 
materials received from
 

a year. 


CIAT, 11T,, CP.TIE, a d other 5ources. Preliminary results to date indicate
 

highly beneficial effect of incorporating Kudzu 
as green manure on yields
 

a 


Personnel: M. K.Wade, P.A.. Sanchez.
 
anl nodulation by soybeans. 


Responses

6. M.or element responses inPrincipal foodrops: 


to P, K,and lime by upland rice, soybeans, cassava, and 
plantains. The
 

purpose isto.establish the needed application 
rates and critical soil
 

test levels. Termination of field experiments will be by September 1975.
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•CoIpletion of work shall be by.December 1975. Personnel: G.S. Miner, D. 

Anderson. 

7. Sulfur and micronutrient requirements: The initial continuous
 
cropping experiment demonstrated the existence of sulfur, boron and molybdenum
 

deficiencios inthese soils. Greenhouse tests inRaleigh confirmed these
 

deficiencies and identified zinc and copper deficiencies. Field trials
 

started inMarch 197b. 
 Data suggests that sulfur and rirronutrient deficiencies
 

might be cruciil limiting fa.tors. If so their solution with small quantities 

of inputs transportable at low costs seem.s economically feasible. Personnel: 

1I. Villachica, P. A. Sanchez.
 

8. Pote.tial use. ofB v_rroci phosphates in the Jungle: Peru 

is recntl., bsgqi i'ir .q to mine huge rock phosphate deposits in Bayovar on 

the Coast. Its potential isnaturally believed to be for acid soils, most
 

of which aria in the jungle. Although Bayovr rock is included as treatments 
incertuiin PxpeinmEnts in projects 4 and 5,a systematic evaluation of its 

reactivity fineness and residual- effects shall be carried outto ascertain 

whether this product could be used effectively in the Jungle. Government 

officials have keen interest and partial financial support has been
 

obtained b~y W4r. Valverde from MINEROPERU. Preliminary greenhouse experiments 

are in progress in Raleigh and inLima by counterpart personnel. Field
 

experim.entU %&'replanted in 1,ai'ch 1975. Personnel: H. Villachica, G. S. 

Miner, P.A.Sanchez,
 
9. Deve"nofa"mode1.fam" for ccntinuous croppir:g in the
 

iA/,on.: Sh4Il be started in 1976. A syntlhesis of all findings into a nfodel
 
based on dtnnual slash and burn of 2 hectares of which 80% shall be inpastures
 
and 20'-;
i, intc.nsivemultiple cropping. 
Shall be done with actual farmers
 



10. .xtranolation of Studies 

The third phase of this contract shall involve a series of field
 

extrapolation studies to adapt the results already available from the
 

Jungle and savanna stations to other tropical areas with similar environ­

irental conditions. The results of such work will further AID's
 

objectives because (1)itwill test the degree of extrapolation possible
 

of the results and the necessary local molifications and (2)itwill
 

encourage direct utilization by farmiers inother regions.
 

The Contractor will respond to requests from LDC institutions or
 

USAID I-lissions for collaboration. Only those institutions that show a
 

high priority interest and willingness to make solid financial and perr;- nel 

lcommit.',cnts on their part shall be considered. 

To date, indications of such an interest have beF;: -teceived from 

the follo-;ing institutions: 

1) - Universidade Federale Rural do Estado do Rio de Janeiro, 

Am.pa, Brazil 

2) - INIAP, Ecuador 

3) - IVITA, Pucallp,-Ileru 

4) - Universiddd Nacional Agraria La Molina, Peru 

5) Universidad de Panamna 

Thp follo;.ing mode of.operation shall be initiated: 

1) Selection and.evaluation of the sites shall be made jointly 

by'the Contractor and the host institution's staff. This shall 

involve soil characterization studies. 



2) A series 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 from the 

cooperating institutions. When appropriate they will serve 
as thesis topics for graduate studies at .the Contractor's campus 

or other institutions. All operating expenses shall be 

4) 

borne by the cooperpting institutions. 

Contractor's staff shall serve as advisors, and will cooperate 

'on execution and interpretation of the work. Certain soil 
and plant analysis shall be conducted at Raleibh to supple­
ff.nt i'esul ts." 

5) The coopereting institutiois shall conduct appropriate 

field days, dena.nstrations and other extension functions. 
Personnel: 
 S.1,1. Buol, P.A. Sanchez 

ObJecrtive o.2 (As stated inScction B)
 

1. Soil Characterization 
 (a) Determination of the.potential *are!a 
of extrapolation inthe Can-po Cerrado by Cline and Buol. (b)Work will
 
continue inLlanos Orientales in collaboration with CIAT. (c)and (d).
 

Additional studies in sites for potential extrapolation.
 

Personnel: S.11. Uuol, L. Moeiia. 
2. _Depth of I.ir.;i and Residual Effects. 
 A long term experiment 

was initiated inDec.;r,ber 1972, to evaluate the effect of different
 
lin:e applications and the potential benefits of liming to 30 cms.depth.
 
Results to date (a)indicate that deep liming issuperior to shallow
 
lIfre application because itincreases root development and allows plants
 
to withstand dry periods better. 
Two crops are grown per year and
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and preliminary indications of the residual effects (b)indicate that relatively
 

low rates are adequate. Several more years are needed to evaluate this
 

effect ineconomic terms. Personnel:Ka,prath, Gonzalez, Salinas, Naderman.
 

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

term experfirent was planted inOctober 1972 to evaluate the effect of 

rates, placement and timing nethods. Results to date suggest that large 

applications have a marked residual effect and that a combination of an 

original broadc;.3t application followed by banded applications at each 

successive planting might he recowi'.endable, but these suggestions are not 

econoiicaly sound yot.. Considerable progress will be made by mid 1975 

although a ruch longer time span is needed for a thorough evaluation. 

Personnel: Kamprath, Yost, Naderran', Langley. LDC staff: Soares, Lobato, 

Gal rag. 

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

cxperir.crits was plantied ini Brasilia in October 1972. They are designed 

to evaluate the rates, variety and ph interactions of zinc applications. 

Results t'date (1)indicate that abotut 3 kg Zn/ha -Is essential to cbtain 

yiels d that lining of ph 6.4 induces additional zinc deficiencies. 

The residual effects of such applications shall be adequately established 

by early 3978. Personnel: Cox, Lopes. 

5. Phosohate Sources - Silicate Applications: Field experiments 

were established inOct-ober 1973 to evaluate cheaper sources of phospho­

rous including native rock phosphate and fused phosphate silicates
 

(Teriofosfato) on a pasture grass and legume at three lime levels.. Two
 



greenhouse experiments bre also evaluating the interaction 
between lime,
 

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, Naderran, Smyth,
 

Sanchez.
 

Varietal and Specie5 Differences in Tolerance to Al and low P.
 6. 


A series of culture solution studies in Raleigh were conducted to charac-


Results to date
 
terize varieta1'differences in corn, rice and'beans. 

quantified such varietal differences and related them to differential 

series-of experiments
ability to take up and translocate phosphorus. 

shall be insLalled ir Brasilia to test a large number of germplasm 
for 

at thrce levels of P and the. of exchargeable aluminum. Brazilian sources 


Collaboration with Cornell plant breeder, C.O. Grogran 
will be made.
 

Personnel: Salinas, Sanchez, Naderz.n, Jackson.
 

A total of 565
 
7. Distribution of Proerties of CUrrado Soils: 


in order to quantify the va­
sau'ples were taken throughout the Corrado 

Results to date (1)indicate a very
riability in clhemical propert.ies. 

fertility parameters and native vegeta­
gov:d correlettion bet.q2cn several 

tion. Extre,!e lo' fcrtility characteri!s the large majority of the 

samples. Vrk shall serve as a for extrapolation 6f experimentalguide 

results. Com;!pletion ir,late 1975. Personnel: Lopes, Cox, 

8. Chemistj_Land Mineraloy_f Phosphorus Fixation: Basic studies, 

using ridern techniques are needed to better understand 
the process of
 

phosphorus fixation by iron and alunminum oxides 
and hydroxides which is
 



Bdsic
the Pain fertility limiting factor inthese savanna Oxisols. 


laboratory experiments were initiated in Raleigh to understand the process.
 

Constdrerable progress will be accomplished by late 1975 and completion by
 

mid 1977. Personnel: Buol, Binqham.
 

9. Sulfurm Potassium and Vaonesiuin Studies: These elements are
 

also 	linItirg "fin these soils and Inforolation in their behaviour and 

needed. starting in Octoberrequireuents are A series of experiments 


1975 and terminating in 1978 shall provide the necessary data.
 

Personnel: 'arprath, others.
 
10. Extrdpola.tio Studies: The.opwrating pattern shall be essentially 

the same as for item 10. Objective-l. Contractor will examine the situation
 

the best limited 	number of management combinations whichand help design 

shall lead to economical field recor;.endations. Actual tests shall be 

financed and conducted by the local cooperators. Only those willing and 

capable of conducting satisfactory adaptive research trials shall be
 

considered.
 

critical inManagement of the Oxisols un.er savanna ecology is 


many countries.
 

Collaborators: 

1) EMBRAPA, Brazil
 

2) VAT, Carimagua, Colombia
 

.3) Ministry of Agriculture, Domi'nican Republic
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4) Universidad d&Panama, Panaina
 

Discussions shall be held with the institutions and where agreement
 

can be reached cooperative projects shall be established.
 

- S.W. Buol, E. J. Kamprath, Naderman and others.
Personnel: NCSU 


Objective 3. (As stated in	section B)
 

Soil soposequence relationship involcanic

1. Soil Characterization: 


areas of Costa Rica completed by mid 1074 (1). Additional studies for new
 

experimental areas plannc:d. Personnel: -Buol- and assistants.
 

experiments in the process of completion of termination by
2 to 8.' 


the end of present contract period.
 

9. Nitrogen Menaqeietinn Systems: A series of corn­

%.erecc.ipared with mon1ocultures at different nitrogen levelssoybeans systems 


-fficiency of utilization and other parameters. Results of first
 
to estimate 

set of experiments indicate signific,.nt intercropping effect 
inTurrialba.
 

Completion by mid 1978.
 Other experiments programmed for other regions. 


Personnel: Oelsli.le, 1McCollui,, Rossiter and others.
 

and .iting Management in Intercroppina
10 to 12. PIoshorus, Sulfur 
Sy.stems: A proposed, series 	of experiments to be -conducted in important 

intercroppcd areas of Central America to determine the dynamics of P, S, Ca,
 

14g and Al in intercropped svste.'s and what are the best ways to apply 
these
 

Long term experiments inwhich considerable progress
nutrients or amendments. 
later
 

isexpected by mid 1978 but 	economically-sound interpretations 
at a 


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

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

.and 2. Essentially completed during 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 agronomic research results ineconomic t.-rms and additional related data
 

such as transportation costs. Per;onnel: Perrin and assistants.
 

The system presented
4. Fertility-CapabilityClassification System: 


In 1971 went through prolominary evaluation in 1973 and the first formal
 

version shall Je published in1975. Evaluationof Brazilian data is also
 

finished. Additional evaluation and interpretation shall be'planned using
 

existing data for experincnt stations in the tropics as .(ell as in the U.S.
 

Personnel: Granger, Pope, Buol, Sanchez.
 

5 and 6. Greenhouse, Li)boratory and Soil Characterization Studies: 

Needed to arsswc-r basic question passed by the field research or estimate 

degree of data extrapolation. Personnel: Kamprath, Buol, Cox, McCollum, 

Sanchez, Wollum, Perrin and assistants. 

7. I'ublicatitn and Distribution of Results: Annual technical report
 

and reprints of publications mailed to over 450 individuals and institutions.
 



z. Ri, PLAN: Ay s 1 1975 - June 30, 1978.
 

Starting Expect
OBJECTIVE I. 
Date CUrpletion
 

1. 	'Cheracterizattos of An3z6n Jungle soils. June 71 June 78
 

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


3. ContinucJs creppin" systcmis and changes in
 
soil properties. Aug. 72 June 78
 

4. 	 Nitro.cn, nhocph3rus and li.e requirements 
of grass and Srars-leou;,2: pastures. Sept. 73 June 78
 

5. 	 Fertility i- uir :.nts of int:nsive
 
nUltiple c : ; systm for food crop
 

Jan. 	74 'June 78
production. 


6. 	 Major eler..';t respons-! by upland rice, 

soybeans, cas~ava and plantains. Aug. 74 Dec. 76 

-7. 	 Sulfur ai.d ficro.;utrient. requir;.cnts Feb. _74. June178. 

8. 	 Pot.ntic.l 1.;- of r-zyo.,r rocl. p'msphatcs 
in th: A:;:z. J,,-,Il. Aug. 74 June 7R 

9. 	 De'vh.:..n ci a m.:iel farm for continuous 
*:rcppi"g in t i i C,# J L1. 	 Sept. 75 June 78+ 

lo. 	 Extrapol t.ci~ of .' suits to other ij-1rgle 
-reas via field e:::.rirents with coope­
iratino i%,stitut ;',s. Sept. 75 June 78+ 

O3MECT i':E 2. 

1. 	Ch.ractzrization tf svanna" soils. Sept. 71 June 7.8+ 

ir2. 	Residu':l eff-ctS liriqn ptcations 
(inclu6ir, cep-i) in relatir; to :rop

' recuir ,,;ts and so. 1oi - U' .	 Dec. 72 June 73+ 

3. 	 RCSii eICt-t:, ef nir3 ,orus fertiliza­

tion iTO oxisols of Lrasilia. Oct. 72 June 78+ 

4. 	 Residual effects of zinc.ierti-1zation. Oct. 72. June 78 

5. 	Conp.rison of diff :.nt phospiorus. sources
 
and silicon z.pplicatior.; to reduce fixation.
 
Residual elfects. 	 Oct. 73 June 78+
 



r..ctedSt., 	tlna EX 
Date Coulleti.on 

6. Varietal and spc.cies differences in tolerance 
tu high exchar.g.: ble aluninum and low avail­
able phosphorus. Jan. 74 Jan. 78 

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

8. 	Basic che-mistry ar.:ireralogy of phos­
phorus fixation rL.,, ions in highly weathered 
soils. 	 Jan. 74 June 77
 

9. 	 Extrapolation of results to other Oxisol
 
savann-- areas via Field experiments with
 
cooperating institutions. 	 Oct. 75; June 78+ 

OBD'JECTIVE'r 3. 

1. 	Characteri4ation of soils and climatic regimes
 
of areas affected by volcanic ash in Contral 
America. March 73 June 7­

2. Macro aj mlcronutrient survey in Guatemala 
(concludzcd). Aug. 71 Dec. 73 

3 	 i r , P , i't , :. .n. in ,m +cr Iz­

(transfcrred to ICTA) 	 Jan. 72 Dec. 73 

4. 	 Intensie fer.', s r.'1 fertilization for 
dry seso, ca.zt'ce feeeirng in six sites of 
northern Eli Sor. March 73 Dec. 75 

5. Fertility . .. -t for upland rice pro­
ducLioni in Cos.--a Rica. April 73 Dec. 75 

6. Sulfur _-cienzips "".rrnt o 
Sullur ex,.raccion razh;-Jcs in Costa Rica. April 73 Dec. 74 

7. Copper toxicity in upland rice scils
 
in Costa Rice. April 73 Dec. 74
 

8. 	 In&ensive r:ultiple cro)pirn systo..s 
at threc fe,"cli.y• i-v.s n .'oianic 
soils of TurrialDa, Costa Rica. Dec. 72 Dec. 75 

9.1. 	Nitr.ren fertili:a.tion in intorcropping.
 
and rulV.ip,. ccc;'ping sys-Lms. Four
 
locaLiorns in Costa Ricn, possible in
 
El Salvador. 	 July 73 June '
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30: 	 Phosphorus fert;lizer rlanagement in
 
intercropp~rq .d iitiplo cropp'ng
 
:systems. At sf.veral locations in 
Central Pier ice. 


11. 	 'Sulfur fertiliLy mnng611ent in Inter­
cropping and multiple cropping systC.s
 
At several locatioas in Central America. 


12. 	Liming intercropping and multiple crop­
ping systeis. At several locations ip
 
Centr, l Ar,:oric&. 

OBJECTIVE 4.
 

1. Litorature Revie..; (State of.'the art) 
co,.pleted .: , 1974. 

2. Economic analysis oT methods for esti­
matin, fertilizer rccc:.,:nirdatiens. 

' "
 3. Ecoro::;ic intri.on of expere ncnal 
results an! d. ta . , tr-polaticn. 

** o.. .. , o,,, o , - -. -... . ... . 
m

A* 	 :. r + n-F. 111Thi ihm fcr­
mtiI ity-ca.~iIi'ty ciZss i-F i c at ion sy st. 

(World i,,c. 

5. 	 Grnrnhcus,2 r.,d lZorertory studies to 
help interp:'e'c fic:'id l.'t& .nd to esti­
mate p 6ssibili..iz: of extraepoiation of 
results to soiis o. othler countries or 
region (Fzrtiit,. c..vriiczl, and 
microbiof3gicai s-.udies).. 


Location
 

,tion studies of other 
tropical .-o.;io:s to h-alp i,.terpret 
and e;*:tra;;oolat: ci--ta. 

"6. 	Characteri .­

7. Publication an distibution of research 
results in t'vo anuzes. 

Stat .,nq 
Date 


Sept. 75 


Sept. 75 


Jan. 76 

June 70:' 


Jan. 75 

June 71 

June70 


June 70 


Dec. 71 


Expected
 
Completion
 

June 78+ 

June 78+
 

June 78+ 

Dec. 74
 

June 78
 

June 72 

June 78
 

June 78 

June 78
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ARTJCLE 1I - CMIAGES Im RFsEAPCII MrTHODS, PROCEDURES, OBJECTIVES OR 

PIIr.:OI.',ItA UfIMfR STUDY 

A. The Contractor may change the wethods and procedures employed in 

performing the research without making special reports on proposed actions 

or obtaining A.I.D. approval. However, significant changes in methods or 

procedures shall bu reported to the Governm~ent inperiodic or final technica 

reports. In the event the Piethodolocy or e:.¢perfent is stated as a specific 

objective of the research work, any changes to either fall within the scope 

cf-paragraph, ", below. 

B. The.stated objictives of the research efforts shall not be change
 

except with the prior approvdl of the Contracting Officer
 

C. The phenomenon or phonorena under study, i.e., the broad category 

of research, shali nor. be ch*riged ex.:ept i.;th the prior approval of the Contracting 

Officer 

ARTICLE III - PERIOD OF COQiTP!ACT SERVICES 

....The effective date of this Contract isdate of Contracting Officer's 

signature as shown on the cover page, and the estimated completion date of 

work, includin.. final report(s), under this Contract is 06-29-78. 

ARTICLE IV ..[STIV'ATED COTP.:CT COST ­.FIt.A"CI!,G 

The Cuntractor will be rcii;.bursed for the costs incurred by him in 

perfcring services hereunder in accordance with the applicable provisions 

of the Schedule and the General Provisions, subject to the following
 

limitation made In respect thereto:
 



M18,-


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

and allotted.to tfiis Contract. See the clause 

of the General Provisions entitled "Limitation 

of Funds" and the article of the Schedule en­

titled "Budget", ifapplicable. #424900 

B. Estimated additional funds which may be 

provided, iffunds are available. See the 

clause of the General Provisions entitled 

"limitation of Funds" and the article of the 

Schedule entitled "Budget", if applicable. 41,2344368 

Total Estimated Contract Cost _____8____ 

NOTE: It isestimated that the aforesaid amounts will 

be sufficient to compl-ete the work required hereunder 

as set forth In the Schedule article entitled 

"Statement of Work". 
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ARTICLE V - BUDGET 

Firm Budget Projected Total 
(Obligated F Budet 
F:04-01- F:4017 

Estimated Cost 
FR:04-01-75 

categorles TO:I -31-7b TO:03-31-78 TO:03-31-78 

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 96013 40s359 i336,372 

944000 *1,234,368 $2.,658,368. 

ANTICIPATORY COSTS
 

1. The allowable cost of performance of this contract shall include all
 

allowable and allocable costs which have been incurred by the Contractor
 

inanticipation of this contract on or after 4-1-75 but prior to the
 

execution date hereof, and which, if incurred after the.date of this
 

contract would have been considered as items of allowable and allocable
 

costs under Article VII; provided, however, that such anticipatory costs
 

shall not exceed $71,555. unless such amount issubsequently increased
 

inwriting by the Contracting Officer.
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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
ments inline items to achieve the objectives of the contract. 
With respect 
to the projected budget periods under the contract and within 6 months before 
the end of firm budget period Contractor shall submit to A.I.D. for approval 
a proposed 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 RATES
 

A. Establishment of Postdetermined Indirect Cost Rates
 

Pursuant to the clause of the General Provisions of this Contract
 

.entitled 'Negotiated Overhead Rates 
- Postdetermined", a.
rate or rates shall
 
be established for each of the Contractor's accounting periods during the
 
term..of..the.Contract. 
 Pending establishment of-final indirect cost rates
 
for the Initial period, provisional payments on account of allowable indirect
 
costs shall be made on the basis of the following provisional rates applied
 

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

Rate Base Period 

Qn.Campus .47.01% Salaries & FROM: 4-1-75 
Wages TO : 1-31-76 

Off Campus 21.47% Salaries & FROM: 4-1-75 
Wages TO : 1-31-76 
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I'ostdter,:tir,:.d indirect cost rates for subsequent periods shall 

be established in ac:ordaunce with the terms of the "Negotiated Overhead 

Rates - Pustdetcrminied" clause of thls Contract. 

ARTICLF VIII - REFCflTS 

One hun,.lred copit of the Annual Report of the project shall be prepared 

and subAtted to AID/ (IA/AGR) within 45 days after the anniversary date 

of the contract. Preparation and distribition of the Annual Report 

shall confor.Wto the Guidelines for Preparation of the Research Annual 

Report (Attach,,ent A), 

ARTICE IX- SPLCIAL FPOVI' TOhS 

*.. A. Prior to making any visits to LDC's, the Contractor shall review 

it.s plzns with TA . Contract-or shail kiecp AID ,'isions in contries 

to be visitcd fully inforr:ed of proposed visits, ask them to provide any 

advice they wish and to particip:.te if they desire, and shall inform the 

Missions of the outcow'e of ccnsultations.. Contractor shall make its own 

appointments and logistics arrangements directly. 

B. Upon cor.mpletion of any projcct funded travel, a copy of the trip
 

report shall be provided to TA/AGR Project.M!onitor.. The report fornat 

shall be established jointly by the Contractor aridthe. Project Monitor. 

C. In accordance with paragraph (2) of Additional General Provision 

-No. 3 entitled "Personnel", vhereunder the Contractor may not send individuals 

outside of th,*.-US. to perForrl work under the contract..without the prior 

written approval of the Contracting Officer, the Coiltracting Officer does. 

hereby, provide said approval for those individuals required to travel outside 



United States; provided, however, that concurrence with the assignment and/or
 

travel of any and all said individuals outside the U. S. isobtained, in
 

writing, from the Cognizant Technical Office of A.I.D. prior to their
 

assignwrcnt and/or travel abroad.
 

This approval by the Contracting Officer, shall not apply to any
 

other clause or provision of this contract'which specifically requires
 

Contracting Officer approval.
 

Affer approval of the proposed international travel, the Contractor
 

shall provide the cognizant USAID mission advance notification, with a
 

copytcothe Contracting Officer, of the arrival date and flight identifications
 

of AID financed travellers.
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The p'rpose of this amendpment is:I. ' M~ adiioa 'TE, Y THIS1 ,,a.~~~~ A 


aObligate additional funds'
 

Provisions syb. Incorporate revised General 

2. The parties thereto agree to the following: 

Revise the cover page to 	amend the accounting and appropriation
a. Cover pace ­

in block 10 of this amendr.nt.data by adding the data shown 


Cost and ContraLt Firancina" - In paragraph "A",

b. 	 Article V - "Estimated 

and substitute in lieu thereof "$924.,000". In paragraph
del te the figure "$424,0." 


inlieu thereof "$734,368."

","delete the figure "$1,234,368" and substitute 
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...C... Artic1e V - "Budret".. Delete the budget schedule and substitute 
in lieu thereof the budget schedule shown as Attachment A hereto. 

d. General Provisions and Additional General Provisions. Effective
 
December 1,1975 the parties agreed to the incorporation of General Provi-ion
 
AID 1
420-23c (7-75) and Additional General Provision AID 1420-23d (7-75).
 



Attachment A 
Budget Schedule 
Contract AID/ta-C-1236 

Catenories 

Actual Projected 
Exterditures Bude~rt 

oTh0fW-­" 
TO:01-31-76 TO:12-31-76 

Total 
Estinated Cost 
M 7s 
TO:03-31-78 

Salaries & Vages $174,714 $217,230 $ 734,380 

Fringe Benefits 20,063 28,340 84,330 

Overhead 52,710 73,880 221,561 

Consultants -0- -0- -0-

Other Direct Costs 31,500 15,080 132,405 

Equipment, Miaterials 
Supplies 51,000 76,500 151,320 

Travel, Transportation 
Allowances 96,013 U,900 336,372 

$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:
 

Delete the itemized budget shown as "Attachment A" and
1. Article V. Budget -


In lieu thereof insert the following:
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"BUDGET 

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

to Comoletion 
Estimated Cost 

FR: 04-01-75 FR: 02-01-76 FR: 01-01-77 FR: 04-01-75 
Categories TO: 01-31-76 TO: 12-31-76 TO: 03-31-78 TO: 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- .0- -0- 0­

ther Direct Costs 31,500 15,080 85,825 132,405 

ruipment, 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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DEPARTMENT OF STATE 

AGENCY FOR INTERNATIONAL DEVCLOPMENT 
WASHINGTON. D.C. Z0523
 

w Co.~n270I~~~oi-tbUD 


Norq;h CrolWra State University wt'adlgh,, ltorth Carolirm 2760"7 

bubjecti. Amendment Vo. 1 to 
Contract N . AID/csrd-2006 

Pursuant to tile authority contained in the Foreign Assistance Act of 

the oubject contract is
1961, as anonded, wid Executive Order 1,, 11223, 

hreby am-eided, effective December 31, 1971, as follows I 

Article VI Dmdt, delete the dates ".12/31/7141 and "1/1/72"s and 

licu t!"recof insert "3/31/72" and "4/1/72" respectively.in 

Except as hereby expressly ananded, the subject contract remins in 

full force and effect in accordance vith its te-ms. 

--_- ST,* e "ZA-
xFrTPIQ:ML DVBI~rITAGECY F6,1:,-11QRH CAM1UILAL STME' UWVI93M 

N. A. C ,ticchio
PR=TD KIPI) k H. Shepa, Jr. PMI!?EDX 


Asst. Vice Pres. & Treas. TMrI, Contmft-np. Officzr
 

-- ' JAN 5 1972 
.. ..
-. -7,_. DATE 



DEPARTMENT OF STATE 
AGENCY FOR INTERNATIONAL DEVELOPMENT 

WASHINGTON. o.C. Josaa 

CERPI ,I D 	. '" . :". "? T _ 

Worth Carolina State University By

Micigh, North Carolina 27607
 

Subject: 	Amendment No. 2 to
 
Contract No. AID/csd-2806
 

Pursuant to the authority of the Foreign Assistance Act of 1961, as
 
amended, and Executive Order No. 11223, the subject contract, as amended,
 

is hereby 	further amended as follows:.
 

1. Article TII - Establishent of Overhead Rate - Delete in its
 

entirety and substitute the following in lieu thereof:
 

"Article VTTT 
- Overhead
 

A. Establishment of Overhead Rate
 

Pursuant to the provisions of GOneral 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:
 
Period 
 On-Ca.mpus 
 Off-Campus
 

Fr, 7/ 1/70
To: 6/30/71 21.47%* 

*Distribu.ion Pase: 
 Direct Salaries and Wages including vacation
 

and sick leave.
 

B. EsLablihmcnt of Prdetrmined Indirect CostRates 
Pur.u'.nt to the ,rovlzlons of Clause 10 of thu General 

Provisions, as amended' below, the follow:ing predetermined overhead rates 



av0 been areed to for the period and bass set forth belowl 

Period On-Campus Off-Campus 

ft, ?/*1t7iTo 6/30/74 *7.Ol%* * 
*Distribution Base 
 Direct salaries and Wages including vacation
 

and sick leave. 
qe 
 For the ensuing .periods the following provisional rates
 

shall apply:
 

Period 
 On-Campus Off-Campus 

ft
Tot Until7/1/74
Amended 47.01%* 21.47%* 

*Distribution Base: 
Direct SalarieL And Wages including vacation
 

and sick leave." 
2. Ceneral Provisions - Clause10 ­ ',dd the following sub-paragraph
 

"(g) 
 Indirect Costs (Overhead)Predetermined
 

Notwithstanding the provisions of any other clause of this
 
contract, the allogable indirect costs under this contract shall be obtained
 
by.applying predetermined overhead rates to bases agreed .uponby the Darties.
 

as specified below:
 

(I) The nontractor, as soon as possible b'at not later than
 
three (3)months after the expiration of hid fiscal year, shall submit to the
 
Contracting Officer, with a copy to the cognizant audit activity, a proposed
 
predetermined overhead rate or rates based on the contractor's actual cost
 

.experience during that fiscal year, together with supporting cost data. 
Negotiations of predetermined overhead rates shall be undertaken as promptly
 
as practicable aftcr r'cceiot of the Contractor's proposal.
 

-2­



(2) Allowability of costs and acceptability of cost
 

allocation methods shall be determined in accordance with 
the provisions
 

of Subpart 1-15.3 (Principles for Determining Costs 
Applicable to Research
 

and Development under Grants and Contracts 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 of each negotiation 
shall be set forth in
 

a modification to this contract, which shall specify 
(i) the agreed
 

predetermined overhead rates, (ii) the bases to which the rates apply,
 

(iii) 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 4ny changes in the items previously agreed to be 
direct costs.
 

(4) Pending establishment of predetermined overhead 
rates
 

for any fiscal year or different period akreed to by 
the parties, the
 

contractor shall be reimbursed either at the rates 
fixed for the previous
 

fiscal year 6r other period or at billing rates acceptable 
to the Contracting
 

Officer subject to appropriate adjustment when the final 
rates for that
 

fiscal year or other period are established.
 

(5) Any failure 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 for decision by the Contracting 
Officer within
 

If for any fiscal
 
the mcaning of the "Disputcs" cl.iuse of this contract. 

or other pcriqd npociicd !-.the Schcdulc of this contract the p=rticsycar 

-3­



it is agreed 
to agree to a predetermined overhead rate or rates

fall 

obtainedcontract shall becosts under this
that the allowable Indirect 

by applying negotiated final overhead 
rates in accordance with the terms
 

6f the "Indirect Costs (Overhead)".clause 
set forth in 7-16.952 of the
 

Agency for International Development 
Procurement Regulations as in
 

effect on the date of this contract.
 

'(6). Allowable indirect posts for the 
period until the end
 

of the contractor's fiscal year during 
which performance begins shall be
 

obtained by applying the predetermined 
overhead rates set forth in the
 

Schedule to the bases set forth therein."
 

Except as hereby expressly amended, subject 
Contract remains unchanged.
 

UNITED STATES OF AMERICA
 
NRTH cAROLINA STATE UNIVERSITY 


AGENCY FOR INTERNATIONAL DEVELOPMENT
 
.AT RALEIGH 


BY I .7
 

A. H. Shepard Jr
 

TITLE Asst. Iice-Prces. A reas. TITLE ~~'-~­
1972DTE-
DATEAz 




OF STATE*DEPARTMENT 
kGENCY FOR "INTERNATIONAL DEVELOPMENT 

WASHINGTON. O.C. ZOIZ 

North Carotna State University'.
 
Raleigh, North Carolina 27607
 

Subjecti Amendment No. 3 to
 

Contract N'o. AID/csd-2806
 

Pursuant to the authority contained in the Foreign Assistance Act of
 

1961, as :ennded, and Executive Order 	No, 11223, 
the subject contract
 

Is hereby Amended as follows:
 

1. Cover Pase
 
'TA/ACF"Office, delete 

A. ConI-an. Scentific/Technical 

thereof insert "TA/AGR".and in licit 
the following:Data, add 

13. 	 Accountin7, an:! AnproOr! atIon 


68
 
931-17-120-525-73-31275
PIO/T Vo. 


No. 72-1121004Appropriation 

254-31-099-00 -22
-91
Allotment No. 


2. Genera3 Provissons, add Supplement No. 4 
(I1ovember 1970) to 

General
(AID 1420-10), R & D ATrACV.IE,"r 	 A, and 

AID Form CT/CP/R&D, 3-67 


which are attached hereto
 
52,53, and 54 (ATTACHEINT B),

Provision No*. 

and made a part hercof. 	
*. 

delete the figures ' 339,000 at 	 _ 
3. 	 Article V Estinated..Cost, 

$503,360" and "$566,640", respectively.
and In lieu thereof insert
"$747.,000" 


- Btd:t, delete the Itemized budget In entirety and
 
4. Article VI 

nisert the followings
in lieu thorcof 




Actual & Estimated Firx Projected Total 
pendttures Budr'ot Bud et Bu et 

Fr:3//70 Fr:LJ/1 72 kt:4/17) Fr:7/1/?D 
To: 3/31/12 To:3/31/73 To:6/30/75 To:6/30/7 

014Vs Vaes $116,862 $337,763 $259,800 $ P14,425 

.3.;0 enefi ts 11,649 18,566 25,074 55,289 

4,4961 4,862 103914 213,737gverhead 

Consultants. 3,750 - 0 - 23,250 27,000 

Othor Direct Costs 3,738 15,3409 26,853 46,000 

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

Travel & Transportation 
(including Allowances) 16,6 20,00 $ 69,915 .'l,0', ­

$223, 36o $280,000 $.566, 6-!; , ,00 ,: 

5. Article IX - Personnel Conuensation, A. Limitations, de2lte "5.
 

Consultants" in entirety and in lieu thereof insert the following:
 

5. Consultants
 

No compensation for consultants will be reimbursed unless
 

their use Is authorized in the Schedule or has the prior written approval
 

of the Contracting Officer; and if such provision has been made or authorlza
 

Lion given, compensation shall not exceed (without specific approval of thR
 

rate by the Contracting Officer) the current daily compensation or the
 

highest rate of annual compensation received by the consultant during any
 

full year of the Immediately preceding three years.
 

There is a ceiling on reimbursable compensation for any con­

sultant. That celaing is the current maximum daily salary rate of an FSR-I. 

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

.- 2 



In excess 	ot the 
Vs. No consultant may be employed at a rate 

nor for more than 90 days in any twelve month period without thePF,,l. 


jidfnce written approval of the ContractIng 
Officer.
 

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

sentence:
 

The annual report shall be prepared in accordance with the
 

of the Research Annual Report,attached 	"Guidelines for Preparation 

January 20, 1972".
 

7. Article XII - Additional Clauses 

A. Under 	"A." add the following: 

1. Whenever the words, "Subpart 1-15.3 appear add the words
 

"and OMB Circular A-21, as revised".
 

2. Wherever Subpart 1-15.3 and OMB Circular A-21 conflict, 

OLB Circular A-21 applies. 

B. 	 Delete Clauses "G."I "." and "K."' in entirety. These clauses 

in the attached Supplement No. 4. are now incorporated 

C. Delete 	Clause "J. Government Pronerty" and in lieu thereof
 

for Cost-Relmburse­
insert Attachment C entitled "Govrn-ent Property Clause 

ment Contracts 'lth Nonprofit and *Educational Institutions (7-13.705)" 

which is attached hereto and made a part hereof. 

D. Add the following-new clause:
 

L. Speciai Provision Iegardini Ceneral Provision No. 41 

In accordance with paragraph (a) of General Provision 

No. I1 ontitled "Personnel", whereunder the Contractor may not send Invi­

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



of the Contrating Officers the Contracti.g
 
wrLtten approval 

.er does, horoby, provide said approval for those individuals requlred 

concurrence 
the United Statesl provided, however, that 

travel outside 

vith the assigumcnt and/or 
travel of any and all said 

individuals outside
 

uo United States is obtained, In writing, from the 
Cognizant Technical
 

Offico of A;I.D. prior to their 
assi-nment and/or travel abroad.
 

This approval by the Contracting 
Officer, shall not
 

apply to any other clause or 
provision of this Contract which 

specifically
 

requlres ContractIng Officer 
approval.
 

as hereby expressly amended, 
the subject contract remains 

in full
 
Pcecpt 

force and effect.in accordance 
with i s terms.
 

UNITED STAT:-I'i AIMERICA 
-SITYATI .kAL DEVELOP4E i4T

AG..NCY'. 0:.II" 
T U IJVNO; 

BY_____________ 
T i]gAsst. 


Jr. PRINTED NAME V.-C ee.
 
AVH Shepad,RIiiTED jA~ 


Officer
TI'1i;2 Contractin.l& Treas.Vice-Pres.Tn1T7, Asst.-
197DATE . AP 2 0 

MT 
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DEPARTMENT OF STATF.
 
AGENCY FOR IUTIRN,%TIONAL DEVELOP1,NT
 

WASHINGTON. D.C. 80"23 

J 2 9 V9Worth Carolina State University 

Raleigh, North Carolina 27607
 

Attention" 	 Jack Rignoy
 
Dean of International Programs
 

Subject: 	 North Caroline. to University
 
Contract AID/csd-2e06
 
PIO/T 931-17-120-525-73-302731. 

Gentlemen:
 

Reference is made to Article V and Article VI of the 
Schcdule of sqbject contract. 

Parsuz-nt to Article VI of this contract there is 
herby "ilocated to said contract the adcitional U.S. Dollar 
sira of Sixteen Thousand ._llars (Z!6,0G0), thereby incr-sasing 
the obligatcrl fu- for co.,.mtient under -ubjecz contract by 
said =._mot,a-d thereby icrersinj thareunl.Jr (in accordance 
with salc. Article V.) t'ie total obligated funds for comn.-:ent 
to dato fro Three Hi~udr.d and Tw,:onty-three Thonlsand dollars 
($323,000) to Three Hundred and Thirty-nine Thousand dollars 
($339,o00). 

Sincerely 	yours, 

Cbttr 'Jbfiffficer 
Contract Serices Division 
Office of Procurenjnt 

iUZDS AVAILaL-d, 

:.Lz,,'.-,-,_- _ 2 Lei,,"~~. -.__ . ­
7 --­

.... 63 .,. 

r," , . , 	 .... • / . 3 4 
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DAY lop, T,
OF STATEDEPARTMENT 
OEVEOPM2UFT

FOP INTFRNATIONALAGENCY O.C. 20313
,Ai b4INGTON. 

State UnivarsitV
North Carnlin 

Raleigh, North Carolina 27607 .icndm.cfl, io. 5 to .,O
gubjects 


AD¢,-;"
Uvntrac-t It,. 

r:"
 
In the Forcln Assintan:c#, 

Act 

Pursuant to the authorlty contained 

Order No. 112;0, the s,hjot ,.ontrae. 
and Executi.2196), as arended, 

ows:
 
ishereby a.,,nded as foll 

I. Cover Pare:
 

A. Accountl.g and Appropriation 
DTta, add the follown:
 

- 37 5 8
 - 20 - -73 U ,
 
9 31-17 1 5 2 5
PIO/'f No.. 


7 2-I131004
 Appropriation !o.: 


354-31-.99-00-22-I
Allotment No. : 


Delete the words "and 
the General Provisions 

(Formi CT/CP/D.n
 

B, 


3-67)" in entirety and 
in lieu the'reof insert 

"the Gere!al Provisions,
 

Form AID 
(7-72) and Additional 

General Provisions. 

AID 14,20-41C
Fo:, 


1420-41D (7-72), which 
are attached here.to 

and rade a part hereof."
 

any modifica­includingr ovisiois..
.
f C
2. Table 

tions and/or revisions 
thereto, are hereby deleted 

in entirety and 

replaced by the above-me,,tioned 
Gineral and Aiditional 

General Provisions. 

Cost,delete the figures 
"$503,360" and 

V - Estr-t-:3. ArtiC'. 

32,64O", respec­

"%66.640"and In lieu thereof insert "$7'4,360" 
and 


Lively.
 

!Aeu 

Artt:l'3 VI_-=.udet, 
delete the budg

e t in enti.rety and In 

U. 
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t.Oreof insert the followings
 

BUDGET
 

Actual ad Firm Projetcted Total 

ured u d..!, 
Exend turc 

Fr 1 7-1-70 

udct 

Pr in--73 Fr; ,-?,. 
F 
Fr, ?.-'-'O 

" "_T 

Ca.t! 

Salaries & 
Wages $221,186 $167,233 

$I;'C,006 $ 

Fringe Bene-
fits 19,919 18081707 

179062 55,289 

Overhead 97,7W" 57,736 58,257 "213,737 

Consultants 3,950 -0- 23,050 27,003 

Other Direct 15,467 8,783 21.,750 46.000 

Costs 

Equipment, 	 .1
37.544
Materials & 
 26,000
36,621
Suppiles 


Travel &
 
Transportation I ' ,00,O
'(including 	 40000 ,i -'!l. 07U5,'1_.--.l.
Allowances) 


318,060. 

n delete in entirety and in lieu 
- A t4 l~-Clauses,5. 	 Article XII 

the fo"11thereof 	insert 

Aenrt e fo-l1w1tiJ Clauses 	and Modifications to the 

,General and/or Additional 
General Provisionf:
 

A. All 	reference to "Fixed 
Fee" is hereby deleted. 

B. Delete all reference to "Subpa:.', 1_15.2 (principles 
and 

Type Supply and Researchb u rsementin CostRim
Proesdures 	for Use 



Contracts vith Commercial Or,--nizationa)" of tse 1'cdc&&J P'rocurement 

Regulations and in lieu thereof insert "Subpart 1-15.*3 (Principles for 

Determining Applicable Cost undor.Heaearch Contract. with IUkiucatlura;1 

aInstitutions) and OMB Circular A-21". When Lhturo J3 conflict bttw'.eii 

of the 1,lit, th: pruvIsO's Of CX.1,
O1 Circular A-21 anj 3,il,a,i. 1-15.3 

Cir.ular A-21 shall prrv'al. 

l Provision No. *23 M.0.Llcd "TormiriaL; ou. furC. 	 Delete Goncr 

ira;rL.Default or for Conveniun.=e of the Government' azd Ln lieu thexruf 

"Termination for the %unvvnience of Lh Govern.,.unt"Attachment A entitled 

made a part hereof.wnich is attached hereto and 

D. Salary Adjustment on Termination. Tn the event Contractor's 

services,are terminated by A.I.D. pvxsuant to Schedule Article 
XII-C,
 

in the event that an employee's services are-termirated by the 
Con­

or 


the of A.I.r. of Cooperating'Country for reasonstractor at request or the 

paymentsother than misconduct, Contractor will be reimbursed for salary 

under its agreemients with such staff.members, provided that such staff 

members are not otherwlse gainfully employed during the compensable
 

period following such termination or, if gainfully employed but at a
 

lesser compensation, payments will be made to equalize the difference
 

between such lesser compensation and the employee's salary (excludihn
 

overseas incentive, differential and allowances) and provided further,
 

•that such payments shall not exted beyond one year from 	the 
date of the
 

would havethe date oneiployee's termination, or 	 which this contract 

expired but for termination, whlchever-is.earlier. Contractor agrees
 

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



L. Add the "'rice Certification" and the "iotice of Maximum
 

-Permissible 	Escalation in.'a6e and Price.Standards" whl6h are attachc'd 

hireto and made a part hereof. 

Except as hereby expressly amended, the subject contract rumalns In 'ulJ 

force and effect in accordance with Its terms. 

UNITE'D S FVA%::: A 

NORTH CAROLI:A STATE UNIVESITY AGENCY FOR, D,mr'IO:AE'DEVE,'O,.'l.­

-B3Y __ _ BY__ 

PRINTED NA'I: A. H. Shapard, Jr. PRINTED NL)i V. C. Perelli 

TITLE Asst V ce Pres. A TVWSo TITIg Contractin:" Offizor 

DATE IV.____-23 _ DATE FEB . 971 



bIANU IU RU M JU A Y 66 I '0, 

SERVICES'A ';,r.':r, AM. ENT OF SOLICTATION/MODIFCA,.. OF CONTR.ACT j
I'" 1.11"MC101FA€"T"NO 2 EFFECIVEDATE 3. #IOUIS"TION P RCNOASRO'UI .O ,. POECT NO. .5/ p/0..,A,e r~ment 6.m See Bl ock 19 931- 17 .12 0 .5 -7 -n75 7 5n o . 6 -

M" T0D . ADMINISTEREDIV (if Other thstil block SifOD 

r. CONI.ACTO1,, CODE, CODE. ,CIIJTINAME AND ADDRESS 
AMNDAMENT. OF 

- SOICITATION NO. 
North Carolina State University PID bac 9)Sesiesf." 

MODIATIO OF 
.. v"rl'z"'e"Raleigh, North Carolina 27607 	

I9 
CONTRACT/Ol DER NO. 

L OATED6/28.170 (Set block If) 
9. THISBLOCK APPLIES ONLY TO AMENDMENTS OF SOLICITATIONS 

vo 1 h oabo ve n u b e red to lic ita n is am e nd ed as stt forth in b lo k 12 . The h or and d ie F .rcie.c i o f O ff er is . E , i s m e e xe nde d . 

, ~Offerorsmutt acknowledge receipt of this amendment prior to the hout and dote specifield in te solicitation, or as amended, by one of the following met"lads 
(o) By igaing and returning-. copme&of this amendment; (b) I.r acknowledging receipt of this amendment an each copy of the offer submitled; or Ic) by separate letter or leegramfhich includes a reference to the solicitation and amendment numbes. FAILURE OF YOUR ACKNOWLEDGEMENT TO BE RECEIVEDAT THE ISSUING OFFICE PRIOR TO THE HOUR ANDDATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. 1I, by virtue of this amendment you desire to change on offet already submitted, such change may be mode by leleg:omor leer, provided such telegram or Itle, makes reference to the solicitation aisd tfi amendment, and is received prior to the opening hour and date specifed. 

10. ACCOLriTING AND APPROPRIATION DATA (If requiredjAPPROPRIATIO SYMBOL: 72-1141004 PIO/T No. 931-17-120-525-73-3147575
 
ALLOlENT SYLMBOL: 455-31-099-G. 22-41 ($279,999.84)
 

II. THISROCK APPLIES ONLY TO MODIFICATIONS OF CONWeNACTS/ORDERS 

This Ch.ge-.) El Order is itsued pursuant to 

The Changes set f ith in block 12 or. mode to the obcnwenumbered contract/order. 
(b) The above numbered camroct/ordor is modfied to reltect the odminitatine changet (such as changes in paying osice, appropriation data, eftc., et forth in block 12. 
1) This Supl.. rtal Agr.ment isenteted into peun..nt so authority of the Foreign Assistance Act of 1 B.0. =21 

It mod,ties the above numbered contract as $at forth in block I. 

12. DESCRIPTION Of AMENDMENT/MODIFICATION 

The .purposes of this amendment are to increase the amount of funds obligated and to 

provide a 
Work Plan for the period April 1, 1974, through December 31, 1974. Mereifore,
 

the parties agree to the following changes. 	 l DAY OF.-. ' 

1. 	Cover PagzeB 

'
 

A. Add the following Accounting and Appropriation Data:
 

PIO/T N3. : 931-17-120-525-73-3147575 
Appropriation No.: 72-1141004
 
Allotment Nos: 454-31-099-00-22-41 

B. Del~te the figure $1,070,000 and substitute "$1,226,337.81;" in lieu thereof. 

2. ARTiCLE I - STAT-1 T OFWORK 

The Statemmnt of Work is supplemented so that the Contractor agrees to utilize the
 
Ease es tpuoieded litre,, all terms and coentahonsof the document referenced on block 8.| changedas heetfor remain -insangedend I forfce n ef.ct 

13. CONTRACOOIOFEROI IS NOT REOuITID [ NiTo SIGN THISDOCUMENT CONTRA.CTORIC IS RIOUIRED TO SIGN THISDOCJAE AND RIUF-N COPIES-O ISSUW4OFFIRO 
Offi

,I" IA N t~"/~Fr.C'/~fX~'"S RJ'ACtO"O''' State Univ. at Raleigh 17. UNITE.TAI" O, ARCA 

. ..A ...AN t. .F ,G . ,p. . i .. 16. DATES IGND11 "6.of ING t,W C I- I 	 I C 1 "AA. H.Shepard, Jr.
 
Asst. Vice-Pres. & Treas. 
 1,j/ 741 V. C. Pirelli J 2 , -­



Worir Plan shown herein as Attachment A as a guide to the activities
 

performed in the period April 1, 1974 through December 31, 1974.
 

3. ARTICLE V - ESTIMATED COST 

A. Delete the figure $1,070,000 and substitute "$1,226,337.841" in 

lieu thereof.
 

B. Delete the figures "$748,360" and "$321,640" and in lieu thereof 

insert "$1,028,359.841" and "$197,978.00" respectively. 

4. ARTICLE VI - BUDGET 

Delete the last previous budget, and insert the budget shown
 

herein as Attachment B - Budget Schedule.
 



Conty -no. AID/csd-2806
Ahmndi,, . 6~ no. 

Attachment A Pa se I of 3 

Agronomic-Economic .Research on Tropical Soils
 
iorth Carolina State Univelity 

.LID/csd-2S06 

Work Plan April.1, 1974 - December 31, 1974 

The following is a summary of the activities to be performed in the nine months
 
boginning April 1, 1974. Completed work on which current subprojects rest is not
 
reported. Likewise, work which is the logical outcome of project activities
 
scheduled for the current year are not described. In most cases the principal in­
vestigator is indicated. The exceptions are in those activities which will in­

volve almost all members of the staff on a continuing and prediotably .D Hoc
 
basis.
 

A listing of activities follows. Reference numbers are derived from the I 1973
 
work plan.
 

1.2 Lon.-term crop res onse to P in Guatemal: Established. To be conducted
 
by IMTA staff. iroject staff limited to advisor role.
 

Tests several cropping sequences involving1-3 Ilultirle Croppimj_ in Costa Rica: 
2-3 crops per year (beans, corn, rice, soybeans, sorghum, cassava, pastures and
 
forage). This activity his highest priority iaL Central berica; will be stressed 
for full nine months and beyond (D. D. Oelsligle) 

1.4 Forage Fertility lo:nangeent in El Salvador: Continued as planned. Will test 

fivelevels of , anand i fcrtilization on pasture grass and forago sorghum. (D.J. 

1.5 Fertili -;z or Und Cota "1ica: A more intensive study ofihnngemen iIce in 

fertility management with rice in sup -ort of s.mall farm activities. Cointinuous.
 

1.6 StuJies ,f T-:icitv of .'sidu,1 Con,-er: Greenhouse studies arc in progress.
 
Field expcrirments planned for xtlmar Sur. Trtatnents tmd designs hinge on out­
co;ie of curr.nt research. Nine month activity. (F. R. Cox)
 

2.1 Liin ,"',o Csrro.o : This will be continued and expanded Curxino the 
period, to inclu,!e more crors. MiAng/phos-horus interactions will be fo.loca unier 

controlled conditions in the ercenhouse. (2. Gonzalez and .;. J . ,wr.r th) 

2.2 1;hosnhorus in the Girrado: The present ey.erJnent at Erasilia wi.l be contin' 
-.nu fourth croos. Corn, uoland rice and posibly ihatill bethrough thc third 

planned on these plots. .. now e-pcrinent using less expensive sources of phoz-)ho,us 
. .an,.! soluble silicates will be oflowed throughout the period. (A. L. Yost :.nd 


mjaprath)
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2.3 	 Zinc for the Cerrado: Laboratory analyses of samples from earlier experLments 
and from the field survey will be completed during the ne:rt 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)
 

2.4 	Varietal Differences in Tolerance to Acidity and Drough: Field work is ex­
pected to start. G.7jJ is the principal. source of the sorghum 
selections. (J.G. Salinas and P. A. Sanchez) 

2.5 	Soil Fertility ianagement ror UpiLan luce in Uerrado: Probable beginning
 
in early 1975 but depend'nt on counterpart sup'ort. (J.G. Salinas and P.A.
 
Sanchez) ­

3.1 	L.nd Clearing Methodts in Yurirtuas: In situ and laboraly assessrient of dif­
ferent methods of' land clearing will continue throughout the period.
(_C. i. Seubert and P. A. Sanchez) 

3.2 	Characterization of Amazon Jugle Soils: Chemical, physical and instrunental 
analyses of soils samples from the upper Amazon region irill. continue through­
out the period (E.J. Tyler and 3. W. Puol) 

3.3 	Fertility Requirements for i.Utiple Cropoing Systcems in the Jungle: Crop 
and variety evluation is in prozress and will continue. ield oxerinonts 
will be started in 1.974 and continued umtil conclusive results have been ob­
tained. (M. K. Wade and P. A. Sanchez)
 

3.4 	 Soil Fcrtility 11anagement for Upland :Lice in the Jungle: A cooperative acti­
vity largely dependent on ±cruvian counterparts. Continuing. ( B.. Seubert, 
C. E. Lopez atnd i-. A. Sanchez) 

3.5 	Fertility ?-eouirements fcr iasture Production in Jwr!ole Retion: Continuing 
activity and :'y to permanent land dcveloipncnt in zone. lor:ez and(C.L... 

?. A. Sanchez)
 

4.1 	Characterization of Tropical Soils: Ong;oing activity is direct support to
 
other research activities and to serve as a Guide to the utilizatioi of the 
results of fertility research. (A. Alvarado, F. :Xevr and S. U. "htol) 

4.2. 	Proof and Refinement of Fertility Capbility Classification: ;U onc:oin. 
activity grcuping and categorizing soils according to tihcir properties tn' 
and rcdictable responsps. An activity closely linked with LrtaLr. : 

Soil Testing project la- 6 46 . (i. A. Granger, S.J. Luo, 1... Sa.chz rz d 
It. 13. Cate) 
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4.3, 4.4 and 4.5 kbortor-j Cimractcrizatior of Soils fron Ecoloica1 Zoneswhich Currcnt -.&erimcnts inare in krorros: These cntinuing suporci­vities will shcdaight oia ricronutrient ba.Lhces,inter-rclationships soil acidity-alw.ina,,and phosphate reactions within the soils. (Aja projectstaff will be involved in some phases) 
4o6 and 4.9 
Econonic Analysis of Cro-Fertilizer Responses: 
 These continuing
activiti.s are providing guide lines for curr nt and future research onthe project and assessing the probablity of irunedinte utilization of researchresults of this project and .fron other research in the region. Initial phasewill be concluded during 1974 but general type of analytical work will con­-- tinue. (S. Change and R, X,. Perrin) 

'The wor,. plan as pnresented is a guide and reflects detailed preplanning. It isnot to be considered ji autable or as an absolute specification of performance.
 



ATACII.:NT B 
Contract No. AID/esd280M
Amendmpnt No. 6 

BUDGET IHEXJLE 

Catelrm 
Actual and. 
Estimated
Ex end tures 

FR: 7TO:3/.3R:74TO: 4 

Firm BudRet 

F: 4/i/7?--
TO: 12/.1/74 

ProJectedu ie ,B 

FR: //775-
TO: 6/30/75 

Tbtald t 

FR: 7/1/70-
T: 6/30/75 

Salaries and Wages 

Fringe Benefits 

Overhead 

Consultants 

Other Direct Costs 

Equilpment, Materials, and Supplies 

$350,208.20 

30,249.69 

147,225.80 

4,150.00 

68,293.54 

53,547 ..7 

$139,051.00 

14,345.00 

49,757.00 

-0-

'5,000.00 

42,205.00 

$92,660.00 

9,562.00 

33,170.00 

-0-

10,000.00 

28,136.00 

$581,919.20­

54,156.69 

230,152.80 

4,150.00. 

93,293.54 

123,888.27 

Travel and Tansportation 
(including allowances) 

TOTAL $731,326.84 
-367o 

$297,033.00 

24.450o.0077-3 

#970978.00 41,226,p337.84 
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AID 135Di 

(7-71) 	 1 ooeDEPARTMENT .OF STATE 
Country
Worldwide 

73'NTERNATIONAL P I #LDEVELOPMENT 2. PIO/T No., 
.S 	

- ,
* '.;Pll. 	 original or- Amendment No. ___PIO/T PROJECT IMPLEMENTATION 
 4. Poioct/Ac i -No. -and Tit lORDER/TECHNICAL 
Agronomic-Economic Research
SERVICES


DIST. on Tropical Soils, North Carolina State Univ5.Apopito"Snu) 	 AID/csd-2806 -
6.A. AltetSymbof and Charge

/'",)-'"i :."ymbl 	
7 

C7Status
OblAdinistratiRation .. 	 6.8. Funds Allotted totStatu 	 7 . . A.I.D./W [ /hission
AdministrativeImplementing 	 8. Funding Period (/lo., Day, Yr.)

Document FromA 4/l/7t 	 . .74 TBwCen OS to' 1lef/74alo. ' aY. 	 Fo/74 To 3/31/7nd__. _ _ _ 	 U Completion date ofSrv cS_ _ _ _ _ A, Day, Y. ) /3 0/75 
Type c,Action Cooperating'A.I.D. Contract 	 Participating Agency,0 Country Contract 0 	 Service Agreemont I Other10.. Authorized Agent 

AID/W
Estimc:ed Financing
$1.00= 	 ")(2) (I)(2)(3) (4)Previous Total Increase Decrease 
 Total to Data
 

Maximum A. Dollars DcaTtlo t 
A..D.$280,000 
 $280,000
Financing B. U.S.-Owned 
 F --- ---- -.-

Local Currency 
12. 	 F 1 .U "3 - i.., 

'--

Cobparotlng A. Counterpart 

Country 
 -7a 
Contributions B. Other 

13. 	 Miss ion 14. Instructions to Authorized Agent

References
 

The purpose of this PIO/T is to extend funding for Contract AID/csd-2806
with North Carolina State University for twelve months beginning 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. 	Clearances - Show Oic Syebol, Signature and DateA. Tho.specifications 	 for all Necessary Clearances.in the scope of work are technically adequate S. Funds for the services requested are available 
TA/AGR, J. 	 Malcolm *Date:"' 

C. 
approved Agency Pro0rams 
The scope of work lies within thQ purview of the initiating and 
TAIAGR, 0. KellamasI	 

i, , ./'1 1 L,(l-l-­
li.E.X' ( /R 'F,. RechcilE.	 " D te : 

TA/AGR, D. Plucknett
TA/AGR, .. 	 "B. 	Cordaro16. 	 Fc the cooperating country: The terma and conditlons I -	 "--Dat--For the Agoncy I rnarional Developmentsat fortl hesein ore hereby agreed to . k I/ 	 is. D•t o.Signature"
 

aoon4 dote ­
J.McDermott,
Kr. 
 T/RIcfitle: 	 "
 Director
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 DEPAR TMICONTINUATION OF STATE 
SHEET AGENCY FORINTERNATIONAL DEVELOPMENT. oeWorksh.t PArt1o OF 2a.'.Co, OCooperating County '7.€ 

PAGES 
-.. Code N.

L Yo l" TITL9 OF rOm. 
p Effective DoteORnPROJECT IMPLEMENTATION 


3* c t Na t f~origin m e2 meNdmennORDER/TECHNICL 
Agronomic-Economic
SERVICES Research onTropical Soils 
- csd-2806
 

Indicate block Use this formSPECIAL PROVISION
to complie the information required in any black of a PlO or PA/PR form. 

.
 
Prior to making any visits to LDC's the Contractor will review his

plans with TA/AGR. 
He will keep AID Missions in countries to be

visited, fully informed of proposed visits, ask them to provide any
 
advice they wish regarding timing and content of the visits and to"

participate if they desire. 
He will make his own appointments and

logistics arrangements directly. 
Upon completion'df 
any project
fundcd travel, a copy of the trip report will be provided to the

TA/AGR Project Manager. 
The report format will be established
Jointly by the Contractor and the Project Manager.
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Agronomic-Economic xesearch on Tropical Soils

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.
which current subprojects rest is not reported. 
Completed work on
 
Likdvt*i, 
 work which
is the logical outcome of project activities scheduled for this year
are not described. 


cated. 	
In most cases the principal investigator is indi-
The exceptions are in"those activities which'will involve
almost all members of the staff on a continuing and predictably AD Hoc
basis.
 

A listing of activities follows. 
Reference numbers are derived from
the FY 1973 work plan.
 
1.2 Long-termcronr 
onse to P-in'Guateala:


conducted by ICTA staff, 
Established. To be
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 ; will be stressed for full twelve months and
beyond. 
 (D. D. Oelsligle)
 
1.4 
ForageFertility Manaement in El Salvadori 
 Continued as planned.
Will test five levels of N, P, and K fertilization on pasture grass
and forage sorghum. 
 (D. D. Oelsligle)
 

1.5 	FertilityManagement for Upland Rice in Costa Rica: 
 A more intensive
study of fertility management with rice in support of small farm
activities. 
 Continuous to 1976. 
 (D. D..Oelsligle)
 
1.6 
Studies of Toxicity of Residual Copper:
progress. 	 Greenhouse studies are in
Field experiments planned for Palmar Sur. 
 Treatments
and designs hinge on outcome of current research. Twelve 	month
activity. 
 (F. R. Cox)
 
1.1 Liming Campo Cerrado Soils: 
 This will be continued and expanded
during the year to include more crops. 
Liming/phosphorus inter­actions will be followed under controlled conditions in the greenhouse.
(E.Gonzalez and E. J. Kamprath)
 



S R-NCSU Work Plan (cont'd) 

2.2 	Phosp;aorus in the Cerrado: 
 The present experiment at Brasilia
*iii be continued 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
soluble silicates will be followed throughout the year.
(R.S. Yost and E.J. Kamprath)
 
2.3 Zinc for the Cerrado: Laboratory analyses of samples from
earlier experiments and from the 	field survey will be completed
during the next twelve months. 
Additional experiments will be
 

started during 1974 and 1975 based on the results of the soil
analyses. 
 (A.S. Lopes and F.R. Cox)

2.4 
Variecal Differences in Tolerance to Acidity and Drough:
work is expected to start early in 1975. 
 Field
 

source of the sorghum selections. CIAT is the principal
(J.G. Salinas and P.A. Sanchez)
2.5. Soil Fertility Management for Upland Rice in Cerrado: 
 Probable
beginning in early 1975 but dependdnt on counterpart support.
(J.G..Salinas and P.A. Sanchez)
 
3.1. Land Clearing Methods in Yurimaguas:
assessment of different methods of land clearing will continue
 

In situ and labotatory

throughout the coming year. 
 (C.E. Seubert and P.A. Sanchez)
3.2. Characterization 
of Amazon Jungle Soils: 
 Chemical, physical and
instrumental analyses of Soils samples from the upper Amazon

region will continue throughout the year. 
 (E.j. Tyler and S.W. Buol)
3.3 
Fertility Requirements for Multiple Cropping Systems in the
Jungle: 
Crop and variety evaluation is in progress and will

continue. 
Field experiments will be started in 1974 and continued
until conclusive results have been obtained. (M.K. Wade and
P.A. Sanchez)
 

3.4 
Soil Fertility Management for Upland Rice in the Jungle: 
A

cooperative activity largely dependent on Peruvian counterparts.
Continuing. 
 (E.E. Seubert, C.E. Lopez and P.A. Sanchez)


3.5 
Fertility Requirements for Pasture Production in Jungle Region:
Continuing 


zone. 
activity and key to permanent land development in
(C.E. Lopez and P.A. Sanchez)
 

4.1 Characterization 
of Tropical Soils: 
 Ongoing activity is direct
support of other research activities and to serve as a guide to
 
the utilization of the results of fertility research.
F. Munevar and S.W. Buol)	 

(A. Alvarado,
 



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.
 
(H.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 nati-al-hfazirds. --The work plan as presented is a guide and 
reflects detailed preplanning. It 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 IAGRO-ECONOMIC RESEARCH
 

4/1/74 -- 3/31/75
 

Category Cost 

Salaries V$ 144,076 

Fringe Benefits / 15,773 

E.erhead - 55,720 

Travel and Transportation 17,O00 

Allowances <7,462 

Other Costs 7,569 

Equipment and Vehicles 22,400 

Total $ .280,000 

1/11/74
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Contri no. AID6/--'.806 
Amendnent no. 6 

Atlachment A Pa se 1 of 3 

ACronomic-Economic Research on Tropical Soils
 
lorth Carolina State University 

Work.Plan January 1, 1975 - March 31, 1975 
- The follorin is a sum_,y of thc activitics to be performed in tne three monthsboginning Jan. 1,. 1975., Completed work on which current subrojects rest isreported. Likewise, wor:k which is 

not 
the logical outco:nie of project activitics
scheduled for the curret year are not described. 
In most cases the princi.al in­vestigator is indicatcd. 
 The exceptions are in those activities which will in­volve almost all mcmbers of the staff on a continuing and predictably .D Hoc
 

- basis.
 

-A listing of activities follows, Reference numbers are dei'ived from the 31 
1973
 
work plan.
 

1.2 Lonr--t-r-n cro-re o r in utate-maI: Established. To be conducted
by ICTA stcfff. 'Projectstaff limited to advisor role.
 

1.3 I*.ltiple Cro pin;, in Costa R-ica: Tests several croDing sequences involving2-3 crops per year (beans, corn, rice, soybeans, sorghum, cassava, pastures andi'orage). his activity h"s highcst riority i,,Central ;aerica: Will be stressed 
........
 o,mZs h&id beyond 'J D. Oelsligiee 

1./ Forage kertility -n. ,mentin El S!lv-.dngn: Continued as planned. -ill tcstfive levels 0:' 1, ;;, and L' fcrtilization on pasture grass and fora-z.. Sorghm. (D.
Ocsligle). 

2.5 -U.. - -c. 
 A more intensive study of.-fcrtility r.nagemenz with rice in sup ort of sall farm actiitics. "Coatinuous, 

2.1 .o:', : This will be continued and exparnded C., ".g theriod to i:,clue more cror's. L ing/p'hos-horus interactionas wili be followca -:Set-contrQlled conditions in the grcnIouse• (-.Gonz.lez and S. j. -rr.th) 

2.2 ;iiosnhor',s in th (G-rrn-o: The vresent exxerir.cnt at Lrasilia w.2. betphrouGh to Zthird 'ourth crops. Corn, upland 'ice :nd pos,ibly w*': at will i.e .-planned on these plots, , nc-, e-xcriment using less c.-epnsive sources of :,hoz-.ho'.an'-" soluble silicz.tes will he i'oflowed throu hout the pericd• (A. . Yot :--I . '" 
1nmtplrath) 
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2.3 	 Ziac for the Cerrado: Laboratory analyses of samples from earlier exoerimentsand from the field survey mii be completed during the ne:rt three months.Additional e:q.eriments will be started during 1974 to be based on the re­
multi 	of the soil analyses. (A.S. Lopes and F.R. Cox)
 

2.4 	Varietal Differences in Tolerance to Acidity and iirourht: 
Field 	work.is ex-Pected to start. ULT 	 is the principal source of the sorghum
selections. (J.G. 	 Salinas and P. A. Sanchez) 

2.5 	Soil Fertility i hinagement for Uonand iice in Cerrado: Probable beginningin early 1975 but depcnd-nt oni counterpart sup-ort. (J.G. Salinas and 4..L. 
Sanchez) 

3.1 	 Lnnd ClearinF,Methods in Yurijjiuas: In situ and laborary assessnent of dif­ferent methods o, land clearing ":iU continue throughout the period.
(C. i. Seubert and P. A. Sanchez) 

3.2 	 Chnracterization of Amazon Jungle Soils: Chemical, physical and instrx=nental
analyses o' soils scam-ples frcia the up,)er mazon region iUll continue through.­
out the pericd (E.J. T'ylcr and 3. U. £Wol) 

3.3 	 Fertility Repuiremcnts for 1.altiple Cro-oing Systems in the Jungle: Crop
and variety eva-aution is 
 in pro-ress and will continue. 'iold c'-er-:i.intswill 	start in 1974 and be continued tutil conclusive results have been ob­
_tained. (M, Ke Wade and P. A. Sanchez) 

-3.4 	 Soil Fertility Management for Upland ice in the Jungle: A cooperative acti­vity 	lar-ely ependent on icruvian coutcrparts. Continuing. (. . Seubert,
C. B. 	Lorez a:nd ?. A* Sanchez) 

3.5 	 Fertility Reo-.ire.ents "or Pasture Prouction in Jluw!e Reclon:activity and ::cy 	 Continuingto pernanent land dcveloincnt in zone. (G. Lo'iez and 
l. A. 	 Sanchez) 

4.1 	 Characterization of Tropical Soils: Ong;oing activity is direct support to
other 	recarch activlti s vnd to serve as a guide to the utilizatiot of heresults of fertility research. ( . Alvarado, F. ::uievar and S. U. luol) 

4.2. 	 Pr-cofand }Rfinement of Fertilty Cap'bility Classification: An on-oin.­
activity grcuning ana cate-orising soils according to tir prone rties
and prc6ictable responsas. .&n activity closely linkcd with Ptair. -. i*i.Soil Testing project la-646 . (;,. A. Granger, S.J. Buo]., .'. a.nch : : d 

It. B. Gate) 
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.,O3, 	 4., and 4.5 L.bornr.tory Ch.ractcrization of Soil, from Ecolorical Zones in
vhich Current .A':vorir-,cnts .-re in ror:rress: These continuing sup",ort acti­_;rtios 111i Sh.'ht on .icronutrient balahces, soil acidity-al.iawmv, 
inter-rclationshi-s and phosphate reactions within the soils. (All 	projnct.
staff will be.involved in some phases)
 

4.8 and 4.9 'cononic Analysis of Cron-Fertilizer Responses: These continuing 
activitiE's are providing guide lines for currcnt and future research on

the project and assessing the probablity of iminedinte utilization of research

results of this project and from other research in the region. Initial nhase
 

_will be concluded during 1974 but general type of analytical work will con­
tinue. (S. ChanGe and R. N.'Perrin)
 

The wor: plan as presented is 
a guide and reflects detailed preplanning it ismot to be considercd _irnmutable or as an absolute 'specification of perfor'ance. 



Agronomic Economic Research in Tropical Soils
 
North Carolina State University AID/csd-2806 

Supplementarv Budaet 

Category 


Salaries and Wages 

Fringe Benefits 

Overhead 

Consultants 

Other direct costs 

Equipment and supplies 

Travel and transportation
 

including allowances 


Total 


Requested
 
1/1/75 - 3/31/75
 

$ 38,939
 
2,796
 

15,735
 
a
 

17,527
 
11,398
 

13,605
 

$100,000
 



AGENCY FOR INTERNATIO:'AL DEVELOPMENT 
RESEARCI ADVISORY COMITTEE 

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 PvC made three requests to A.I.D. These were; 
(1) a director.y of meanings of abbreviations of pertinent
 
A.I.D. offices; (2) information and background on RAC and its 
charter; and (3) background material on A.I.D. centrally 
sponsored research program. 

The information under points 1 and 3 was disti buted 
during this meeting. As to the RAC's second 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 ayni ?ne 
invited the chairman of that subcommit ee to present his 
report. 

Project Review: 

Agriculture
 

.. Agronomic Economic Research in Tropical Soils 
-
North Carolina State University
 

Dr. Whitney, chairman of the subcommittee including 
H. 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 economic return. He expressed the subcommittee's
 
patisfaction with the strong participation of host countries
 
in this research and stated further that the data obtained
 
from this research 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. le felt that the 
quantitative data obtained in this research should be compared 
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with data .6f other cultivation methods including those of 
.shiftingcultivation.
 

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 
tnd M. Peterson's evaluation suggested that better coordination
 
of the project is essential to its success.
 

Referring to the economic 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 thir 
research institutes, lie emphasized the fact that the project 
statement does not quite address 'itself to the generalization 
of data so that they could be used more widely. Dr. Heady 
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 field work seems to be de­
emphasized in this prograu. . This is suggested by the fact chat 
only one senior and one junior scientists are scheduled to 
work full-time in LA. He also t;ought that investigation of 
inoisture regime is an important part of total plant growth
 
environment, and its inclusion in work plan should be considered.
 
Dr. Ruttan inquired if the research 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. lie 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 P\C 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 Norrh Carolina State University in improving
 
the program in economics and to integrate all the facets of research
 
into a meaningful research package. Dr. Heady agreed to this.
 

Dr. Long reflected upon his visit to N.C. State to review this
 
pro3ect. He stated that there exists a strong cooperation within
 
the project and that the emphasis on the three soil areas is
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relevant because they represent very large areas and have a greattr 
economic potential than was originally thought. Since the complexity
 

6f the problem is so large generalization might be difficult, and
 

it would have to have a large effort 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
 
pr6ject be reviewed by the RAC within 18 months.
 

(Motion carried: 20 for; 1 against)
 

2. 	Agricultural Diversification and T:ade (Philippines) 
Department of Agriculture 

Dr. Ruttan reported for the RAC subcommittee. Members of the
 
subcommittee were Drs. Ruttan, Hagen, Frank and Montgomery. Dr.
 

Ruttan c.lac actention Lc- thcZ initial contract. gr-ntc" 'o thu "' ", 
North Carolina State University and the East-West Center at the 

University of Hawaii for project planning purposes approximately 
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 (:lofith Carolina and USDA) and the 
proposed research project on unemployment 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 lR\C agreed to discuss the 
PHilippines Agricultural Diversification project and the North 
Carolina project in Latin America before taking action on 
either one. 

Dr. Ruttan speaking for the subcormittee 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 !..)C. Second, he tb-;erved that the "tsearch 


