
A CNCY POH l'IT 1RNATIONALVA-$HINGION. 0, C. 201521OEVCL.OIMEN ATI 6 L 

BISLIOGRAPHIC INPUT SHEET A le 46V 
1 .."-- - - -- I _ __mall' 

I. .Ii<JECT Pood production and nutrition AF25-0060-GG50 
(.L AI.O,r.A,,ON I"" fertility,fertilizers,and plant .utni'.on-Tropics
 

1. TITLE AND SUBTITLCUtilization review and evaluation; tropical soils research program,Cornell and

North Carolina State universities
 

3.AUI -aon,Douglas;Sprague,H.B.; Keiley,omer
 

4. DOC W GATE I V " RS.NUMBE nAGES 6 A C NUMBER 

7. REFERENCE OfGANIZATION MAME AND ADDRESSAIDITAIAR
 

8.S wU AR WAb AY&,M o s: _ 1 3rnell] and CSD-2806 [N.C.State]) 

9. AISTiACT 

The savannas and forests of Latin America, Africa, and South Asia consist of 1,600
million hectares of land not used for agriculture. Incomparison, harvested U.S.
land in 1976 consisted of 150 million hectares. The Tropical Soils Research Programs
at Cornell and at North Carolina State University have been concerned with teaching
and research efforts for developing economic means to make tropical soils fertile
enough for agricultural use. This report presents the results of a 
review onducted
to sumarize the status if the research and to explore ways to increase the utiliza­tion of research finding;. Some of the salient findings are: 
 The major proIblems
preventing crop production in the tropical soils (Oxisols and Ultisols) is that they
have very low phosphate and low Ca, Mg, and K. They also have high Al 
solubility
and high acidity. 
Why similar soils inPuerto Rico are much more productive is
unknown. 
It is now known that crop species vary greatly intheir tolerance.to soluble
Al and to low available phosphorus, but very little knowledge exists concerning
efficient cropping systems. 
 The roles of grass and legumes insuch cropping systems

have not been studied. Long-term requirements and effects of varying levels.-and
placements of phosphorus and lime are not known. 
Water erosion in the soils appears
to be universal and severe. The present field locations are suitable for expanding
basic knowledge of tropical soils, but an on-the-ground survey needs to be made of
the soils information requirements inAfrica, Asia, and Central America. 
Work should
also be bcgun on a revised research utilization program under the network concept.
 

10. CONTRIOL NUiIUER 
It. PRICE OF DOCUMENT 

. oeT evaluat!,in Utilization , PiojcT NUMB 

h search
 
Soils 14 . coWiMA7~n 
Tropics 


OOCUMENT 

AI .10-0,1 14.141 

http:tolerance.to


.UTILIZATION R WV I 
 D EVALUATION 
TROPICAL SOILS RESEARCH PROGRAM 

CORNELL AND NORTH CAROLINA STATE UNIVERSITIES 

Report Prepared by
 

Douglas Caton, Agricultural Economist
 
Howard Sprague, Agronomist
 
Omar Kelley, Soils Scientist
 

February 22, 1977
 



OVERVIEW AND RECONMENDATIONS._
 

A. Overview
 

1. The Oxisols and Ultisols represent the largest area
 

of land in the world that either is not farmed or only partially
 

utilized. 
There are some 1,600 million hectares of such soils
 

of uiich approximately 800 million hectares are arable. 
 (There
 

were 167 million hectares farmed in the U.S. in 1976, of which
 

150 million were harvested.) Seventy percent of this land has
 

sufficient precipitation for year-round crop production (3 crops/
 

yr.). 
 Thirty percent has a wet-dry cycle with sufficient pre­

cipitation for at 
least one crop per year. Most of these soils
 

are found in the savannas and forests of Latin America, Africa
 

and South Asia, and some 48 LDCs are involved. These countries
 

are estimated to have a population of 1.6 billion people by the
 

year 2000. 
 If these soils can be brought under production, it
 

is estimated that most of these lands and production would be
 

handled by small farmers. 

2. It apwe;irs that solutions have been found to the 

slash/burn type of agriculture so that continuous cropping can 

be conducted on these soils.
 



3. 
The major soil problems preventing crop production in
 

the past have been identified. 
There are differences in the
 
degree of severity of these problems, but they appear to be
 
universal where ever these soils occur. 
These problems are:
 

a. 
Very low phosphate availability (and high phos­

phate fixing capacity) and low Ca, Mg, and K.
 
b. High Al solubility, and high acidity.
 

c. Low water availability.
 

4. Over the some 400 years of farming the Oxisols and
 

Ultisols of Puerto Rico, something appears to have happened
 

that makes them much more productive than the same soils found
 
in Brazil, Colombia, Peru, and Ghana. 
 If the same results shoul
 

be experienced in these other areas, the effect on world food
 
production would be tremendous. It would be so large that the
 
exact impact is not possible to predict with present knowledge.
 

5. It is now known that there are major differences in
 
species and varieties of crops in their tolerance to soluable
 
Al and to low available phosphorus. This could set the stage
 
for a completely new concept in low energy cropping systems.
 

6. 
 Very little knowledge exists on efficient cropping
 
systems on these soils in the tropics. The roles of grass and
 
legumes in such croppping systems have not been studied, let
 

alone evaluated.
 



7. Long term requirements and effects of varying levels
 

and placements of P and lime are not known. 
The same is true
 
for the other fertilizer elements even though they are of less
 
economic importance. 
 (Ca, Mg, N, K, and certain minor elements.)
 

8. Crop production on these areas will face most of the
 
problems that occur in other farming areas. 
A very severe
 
problem has arisen with respect to water erosion which appears
 
to be both universal and severe on these soils.
 

9. Effective utilization of the research results will
 
depend upon how well the results are communicated to the farmer,
 
and upon the determination of which practices and farming systems
 
are economically viable. 
The results achieved indicate lower
 
per unit costs and increased farm income opportunities. but so
 
far the research has not determined the cost-returns relation­

ships that exist among alternatives.
 

10. Traditional ways and modes of supplying information
 
on improved agricultural science and technology offer the
 
opportunity for utilization, but effective transmission of
 
research results into practice depends upon making utilization
 

an integral part of research.
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11. The research-training-information transfer network
 

as outlined appears to offer a framework and an opportunity
 

to blend and harmonize research and utilization into a unified
 

whole with a focus on economically viable farming systems.
 

12. The present field locations offer an excellent
 

opportunity to,expand basic knowledge on tropical soils, but
 

these additional considerations are also involved: (a) an
 

on-the-ground survey needs to be made of the soils information
 

requirement in Africa, Asia, and Central America, (b) the focus
 

on utilization needs to be sharpened and directly integrated
 

with the research as a commensurate operation of the program.
 

B. Recommendations
 

1. That the research at the field locations, with their
 

indigenous cooperation, be continued, at the same time work
 

should begin on a revised research-utilization program under
 

the network concept.
 

2. That an immediate review and assessment be made of the
 

need to broaden and strengthen the program by mounting a greater
 

effort on land use classification and soil problem urvey,
 

starting with Africa and Central America.
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3. That the farm system concept be brought more to the
 

forefront as the integrating unit of analysis of both 
 s..
 

research and agro-economic assessmant, and that the economic
 

evaluation component of the program be strengthened as rapidly
 

as possible.
 

4. That a search be nade on alternative sources of soil
 

fertility than purchased inputs be incorporated into the program;
 

that is, 
a search for tolerant plants, inclusion of organic
 

materials in the soil, and the use of legumes in the multiple
 

croppinc or crop rotation.
 

5. That the soils program of Cornell arid North Carolina
 

State University be tied in more directly in a coordinating
 

fashion with the work of the International Research Centers. and
 

that ways to include the contributions of EMBRAPA and the
 

University of Puerto Rico in the network be explored out.
 

6. That a practical format be found for rapidly upgrading
 

the human factor on soils problems in Africa and South and
 

Central America, as well as continuing essential graduate
 

training.
 

7. That the known technologies on information transfer
 

be used in evolving an information utilization -syste that will
 

effectively tie farming systems and research tcgeti.er, e.g.,
 

http:tcgeti.er
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the development and formalizing of definite strategy for
 

transferring crop production information to the farm.
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UTILIZATION REVII AND EVALUATION
 
TROPICAL SOILS RESEARCH PROCGRAM
 

CORNELL AND NORTH CAROLINA STATE JNIVERSITIES
 

Douglas Caton, Howard Sprague, Omer Kelley
 

I. Introduction
 

A. The Purpose of the Review
 

The utilization review of the Cornell and North
 

Carolina State tropical soils research programs was made at
 

the reqiest of the Soils and Water Division, Office of Agricul­

ture, Technical Assistance Bureau, Agency for International
 

Development. The purpose of the review was to sum up the
 

status of research iuformation on major tropical soils problems,
 

and to explore the opportunities for increasing its utilization.
 

The evaluative context was the probable technical contribution
 

of the research information to more economically viable agri­

cultural production systems 
.nthe tropics, for oxisols and
 

ultisols which are the predominate soi' groups.
 

The review also dealt with procedures being followed
 

to increase the adaptive research and information transfer
 

capabilities of the LDCs. 
On enhancement of the human resource,
 

particular attention was paid to graduate training, and to the
 

establishment of "core" staff competency by both Universities
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on tropical soils problems, on-campus and overseas. For pur­

poses of the review, LDC research and planning staff and 

graduate students affected by the program were collectively
 

considered as an extension of the core group.
 

B. Utilization Overview
 

1. Overview
 

Section IV of this report contains the review
 

team's evaluative comment and judgement on the potential impact
 

areas, and on the significance on LDC food, nutrition, and
 

rural development goals of the research on tropical soils.
 

Section V's primary evaluative focus is on development of
 

viable farming systems as the necessary means to identify
 

soils information needs and to measure production benefits.
 

A farming system format also permits identification of the con­

tribution to total benefit relationships of complementary
 

information on plants, animals, pests, weeds, water, and farm
 

production practices.
 

The evaluation made treats soils information
 

utilization in both its direct and indirect senses, e.g.,
 

fertilizer recommendations vis-a-vis graduate student training;
 

by type of information (fertility, moisture, soil structure);
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and by kind of user (research institution, farmer, planner). One
 

part of the section on utilization deals with the mechanisms and
 

process dimensions of information transfer; and a concluding part
 

deals with the possible evolvement of a research and information
 

transfer network on tropical soils as a utilization strategy. A
 

part of the strategy might be to also engage in this process the
 

emerging research and institutional strengths of LDCs, such as
 

EMBRAPA of Brazil, on a southern hemisphere basis, or more
 

world-wide.
 

2. 	 Utilization Impact Potentials
 

These potentials include:
 

a. 	 Increase world's cultivated land by 50%,
 

and due to multiple cropping possibilities,
 

increase world food production by a substan­

tially higher figure.
 

b. 	 Improve the well-being of millions of small
 

farmers who are either settled in the acid
 

Oxisol and Ultisol areas or who will migrate
 

to them in search of a better life.
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c. 	 Avoid widespread ecological damage by suitable 

selection of which lands to use for crop and 

pasture production and which should be left 

untouched. 

d. 	 Permit orderly national level planning by
 

translation of agronomic data into economic
 

models.
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II. 	 The Importance of Tr3pjcal Soils in Pricultural
 
Production
 

A. 	 Description
 

The largest block of potentially arable but virtually
 

unused land lies in the vast tropical forest and savanna areas
 

with 	acid Oxisol and Ultisol soil groups. In these areas
 

food 	production is rising at a slower rate than human reproduc­

tion. These regions comprise approximately 1600 million hectares,
 

of which 827 million are potenatially arable. The largest con­

tinuous regions are in the interior of South America and in
 

Africa, with smaller but important areas in Indonesia and South
 

Asia. 
Figure 1 shows the geographical extent of the impact
 

area, which covers 48 less developed countries with a projected
 

total population of approximately 1.6 billion people by the
 

year 2000.
 

Agriculture in the tropics first developed in areas of
 

high-base status soils. 
These soils-now called Alfisols,
 

Vertisols, Mollisols, and certain Entisols and Inceptisols-­

cover approximately eighteen percent of the tropical land area.
 

Because of their relatively high fertility the impact of the
 

Green Revolution programs has been mainly limited to areas with
 

high-base status soils, particularly those that can be irrigated.
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These soils have generally developed from alluvium, sediments,
 

or volcanic ash rich in calcium, magnesium, and potassium. They
 

present slight to no acidity problems and require practically no
 

investment in lime. 
Nitrogen is the most commonly limiting nu-.
 

trient. 
Phosphorus deficiency, micronutrient disturbances, and
 

moderate salinity problems occur, but these can be easily
 

corrected.
 

A larger group of soils in the tropics are of low-base
 

status and are highly leached. They are classified mainly as
 

Oxisols, Ultisols, some Inceptisols, and sandy Entisols. 
They
 

cover approximately fifty-one percent of the tropics in vast
 

areas in the interior of South America and Central Africa and
 

smaller areas of the hill country of Southeas Asia. These
 

soils are commonly deficient in bases, and often present
 

aluminum toxicity problems. The ubiquitous deficiency of phos­

phorus is often difficult to correct because phosphorus fertil­

izers are "fixed" by reaction with iron and aluminum oxides. 
Micro­

nutrient and sulfur problems are common.
 

Correcting these nutritional problems usually involves
 

substantial investments in fertilizer and lime. 
 On the positive
 

side, they generally possess excellent physical properties which
 

facilitate tillage.
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A third major tropical soils grouping consists of
 

high-base status soils called Aridisols, which occur 
I.n tropical
 

deserts and occupy 
!bout fourteen percent of the tropics. The
 

availability of irrigation and nitrogen are the principle limit­

ing factors. When properly irrigated, and free of salinity
 

problems, these soila can become extremely productive.
 

B. Productivity Potentials
 

Soils of the tropics can make a major and sustaired
 

contribution toward world food production when they are well
 

understood and economically rei) istic management systems a:*:e
 

applied. Most of the improvements in the near future can be
 

expected from increasing yields in the high-base status soils,
 

but in the long run the management of the low-base status soils
 

is the larger issue.
 

Also, unlike classic plant breeding problems, many
 

problems concerning soils are 
site-specific, and recommendations
 

have to be compatible with farming practices at the local levels.
 

Therefore. more sites are needed for practical soil management
 

research. This was demonstrated at a recent seminar on soil
 

management in Colombia when a delegate from Nigeria recoiended
 

that burning should be eliminated in clearing tropical forests,
 

hile work in Peru demonstrated the dramatic fertilizing benefits
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from ash derived from burning. 
This apparent discrepancy was
 

explained by the fact that the ash raised the soil pH from 6 to
 
8 in Nigeria, causing iron deficiency, while in Peru the ash
 

raised the soil pH from 4 to 4.5, supplying needed bases to the
 

soil.
 



-10-


III. Review Procedure .
 

A. Background
 

Previous projects which provided a basis for the soils
 

research under these two projects were the NCSU Soil Fertility
 

Testing Project (AID/csd-287) with work in fourteen Latin American
 

countries, and a concurrent bilateral project in Peru. 
The
 

current Latin American program is 
a direct outgrowth of these two
 

projects. Expansion in the development of research and teaching
 

on 
tropical soils was supported at Cornell and North Carolina State
 

University by 211(d) grants authorized in November 1970. 
 Three
 

other universities, Hawaii, Prairie View A&M and Puerto Rico also
 

participated in the Tropical Soils Consortium supported by 211(d)
 

grants.
 

The iminutes of the Research Advisory Committee Meeting,
 

April, 1970 summarized the main objectives of the AID financed
 

research on tropical soils as 
including:
 

a. Agronomic-economic evaluation
 

b. Characterization of soils 
(chemical, mineralogical
 

and physical properties)
 

C. Soil fertility-soil ch-mistry studies 
(nitrogen,
 

phosphorus, lime, and micronutrients)
 

d. Soil moisture regimes
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Later, on December 3-4, 1973, RAC recommendations on
 

the Cornell and North Carolina research projects were as follows:
 

1. 	 Soil Fertility in the Humid Tropics-Cornell
 
University
 

(2) the expansion of the research to a third
 

area in Africa be implemented if possible as the
 

Puerto Rico activity is phased down or as more
 

financial resources become available.
 

Subsequently, in 1974, Cornell University
 

developed a snils-agronomic project with the Ghana
 

Soil Research Institte to determine soil fertility
 

limits on food-crop production on the Ultisols of
 

the humid forest zone.
 

2. 	 Agronomic-Economic Research on Tropical Soils-

North Carolina State University
 

Recommendation: That: (1) emphasis be intensified
 

on integrating the agronomic and economic phases;
 

(2) overall experimental design and methodology be
 

refined to assure the applicability of results from
 

specific sites to broadly generalized systems.
 

Thereafter, North Carolina State University
 

also expanded its work to: (1) analysis methodology
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to evaluate "economically-sound soil and fertilizer
 

farm management practices;" (2) the use of soil
 

characterization information to extend experimental
 

results; (3)developing evaluation models for
 

technically and economically sound farming systems;.
 

and (4)developing design and testing procedures
 

to determine site specific adjustments to general­

izable recommendations.
 

B. 	Procedure
 

The on-campus and field reviews were preceded by three
 

initial steps: (1)a review of AID file documents on the research
 

contracts, (2)preparation of a concise summary of the soils
 

research, including an appraisal of utilization, by each University
 

(appendices I and II), and (3)a review of tropical soils informa­

tion needs with the Regional Bureaus.
 

The discussions with the regional bureaus can be
 

surarized as follows:
 

1. 	That soils research be set up and conducted on an
 

"up-to-date" basis with respect to production and
 

farm management problems and evolvement of more
 

effective farming systems, for all farmers, but
 

with special reference to the small farmer.
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2. 	 That an information basis be created which can
 

provide continuous information on 
soils problems
 

and solutions for planning and farm management
 

decisions.
 

3. That research be conducted whicn will, as 
its
 

ultimate product, help insure continuous and
 

economically viable farm productivity in the light
 

of expected population growth.
 

The 	on-campus reviews 
were held at Ithaca (December 2-4,
 

1976) and Raleigh (December 6-8, 1976). 
 The field reviews were
 

conducted in Puerto Rico (December 10-12, 1976) and Brazil, Peru,
 

and 	Columbia (January 3-15, 1977). 
 The review format used and
 

the review work plan are attached as appendix Iii.
 

The 	review hypotheses were as follows:
 

1. 
 That the research is providing an indexing and
 

classification of the agricultural production
 

problems with respect to the oxisols and ultisols
 

of the tropics.
 

2. 
 That the research has established "working" agri­

cultural systems models for both intensive and
 

extensive agricultural systems.
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3. 
 That the research is extending into incorporation
 

of bio-systems (organic matter, plant selection,
 

and cropping systems) and into moisture regimea
 

(rainfall and supplemental irrigation).
 

4. That evaluation procedures an3 testing mechanisms
 

have been formulated to extrapolate (ixtend) the
 

research conclusions and generalizations to:
 

(a) other areas and regions in a comprehens.ve
 

manner and (b) in terms of an "agronomic-economic"
 

evaluation model, the cropping system and economic
 

considerations involved.
 

http:comprehens.ve
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IV. On-Campus Research Review and Evaluation 

A. Cornell University
 

1. Introduction
 

The soils research of Cornell University is directly
 
related to the soils research of the University of Puerto Rico,
 
North Carolina State University and the University of Hawaii in 
a
 
number of ways. 
The Oxisols and Ultisols fertility and acid­

ity work in the University of Puerto Rico is correlated with the
 

research of these universities, particularly with NESU in Brazil.
 

The Brazil, the Cornell and North Carolina research are joint, wiith
 
Cornell giving more emphasis to fertility, particularly nitrogen,
 

and to soil moisture; whereas, the NCSI project placec more
 

emphasis on 
the broader aspects of soil management and on
 

(conomically viable cropping systems.
 

The Cornell 
(and the NCSU) project is directly
 
agriculture-davelopment oriented, with emphasis on four inter­

related objectives 
 (1) the factor and dimensions of soils
 

(physical-chemical-bio-agronom4c), 
(2) cropping patterns basic to
 
evolving "model" (represenLative) farming systemn, 
(3) evaluation
 

and extrapolation of methodoloqy, and 
(4) diffusion and utilization
 

of methods end technology.
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2. Narrative Sumary of the Cornell Soils Research
 

Cornell has identified constraints relating to the
 

effective use of Oxisol and Ultisol great soil groups that occupy
 

very extensive land areas of the tropical and subtropical zones of
 

the American hemisphere, Africa and Asia. For the most part, these
 

soils are now either lying idle or support very low levels of
 

agricultural use. However, they have terrains and climates that
 

should support substantial agricultural production if soil constraints
 

can be alleviated.
 

Cornell has made substantial progress in gaining a
 

specific understanding of the physico-chemical soil properties that
 

affect soil productivity. Somewhat surprisingly for this climate,
 

the water relations of these soils have been found to limit crop­

plant productivity. These relations have been quantified as to the
 

limited soil storage of rainfall and the partial unavailability of
 

water due to the prebence of toxic soluble aluminum in the soil
 

profile, that inhibits root occupation and functioning. The related
 

content of the cations-calcium, magnesium and potassium-has been
 

studied, in the context of meeting nutrient requirements of crops.
 

The supplies of essential phosphorus and nitrogen
 

to provide nutrients at levels needed to support crop growth at
 

economic levels have been studied in terms of such fertilizer
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applications, in relation to the soil water regimes and presence
 

of soluble aluminum (at toxic levels) that characterize these soils.
 

Significant correlations have been made between soils of Puerto
 

Rico, Brazil, Ghana and New York.
 

There has been less done on the biological aspects
 

of these soils, but initial work has been done on the native supplies
 

of soil organic matter-its abundance, contribution to the cation
 

exchange capacity of these tropical soils, and nutrient-supplying
 

power for crop growth. Also, very useful information has been
 

carried through preliminary stages on relatively large genetic dif­

ferences found between strains of maize (pure lines and hybrids) on
 

root tolerances to soluble aluminum and ability to make growth with
 

limited supplies of calcium, magnesium and potassium. These explora­

tory studies suggest the possible utility of studies on regularly
 

recurring additions to the soil of fresh organic matter suppliee by
 

growing adapted tropical grasses and legumes in rotation withi crops.
 

This procedure might replace the traditional slash-and-burn fallow
 

systems, thus, permitting continuing cropping of the same land.
 

Similarly, the growing of adapted legumes to make regular additions
 

of nitrogen to the soil offers opportunity for periodic replenish­

ment of nutrient nitrogen without recourse to expensive nitrogen
 

fertilizers. 
The studies on use of nitrogen fertilizer by crops
 

have been shown to follow surprisingly similar patterns on soils in 

New York, Puerto Rico, Brazil and probably Ghana.
 



Sufficient basic data has been acquired in the short
 

period covered by this research project, to indicate the following
 

sequential steps in devising ultimate soil utilization procedures.
 

These steps are postulated as follows: (1) identification of the
 

primary constraints; (2) dealing with these major constraints simul-.
 

taneously by suitable soil treatments; (3) selection among the pos­

sible alternatives (of those that are economically feasible); and (4)
 

field testing to determine their actual contribution to continuing
 

land productivity, without soil deterioration.
 

There has been an effective combination of on-campus
 

and tropical field research activities. The on-campus contribution
 

has been: (1) the intellectual planning and direction by the
 

senior scientists; (2) the use of existing laboratories, growth
 

chambers and greenhouses for the types of studies that cannot be
 

conducted in the developing countries because of la-k of facilities
 

and skilled technicians; and (3) the college courses and instruction
 

for training graduate students in preparation for conduct of thesis
 

research in the tropical countries where the target soils are
 

located.
 

The field work has included direct measurements on
 

soils and crops grown on experimental sites and collection of
 

samples for laboratory, growth chambers and greenhouse studies
 

mostly conducted on the campus. The design of the field
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experiments has been made on campus, and the statistical analyses
 

of data from field studies also have been made on campus. 
The use
 

of on-campus expertise and facilities has been a direct contribution
 

of the University. 
There has been effective direct participation of
 

senior staff in the field work itself, ensuring a high quality
 

research effort.
 

The following commitment of man-months of effort on
 

this research indicates the useful combination of campus capabilities
 

with field activities:
 

For the Year 1975-1976 (as being indicative)
 

Cornell 
On-Campus 
(man-months) 

Field Research in LDC's 
(man-months) 

Professional and Senior 

Staff 31 17 
Laboratory & Technicians 12 0 
Graduate Students 24 20 
Clerical 9 0 
Labor -- 51 
Consultants 6 2 

82 90 
Puerto Rico Subcontract 

Professional 6 
Clerical/Technical 12 
Labor 36 

54 
GRAND TOTAL 82 144 
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Thus, with a minimum of expenditure for physical
 

facilities, a strong research program has been mounted by combin­

ing the existing facilities on campus with the field in LDC's
 

where the problems exist.
 

Overview of field research has been the continuing
 

responsibility of the professional and senior staff resident at
 

Cornell but with periodic visits to the field sites. The same
 

graduate students who enroll for degree courses on campus, actually
 

conduct the field research under the general direction of the on­

campus professors. Thus, both the professional and graduate
 

students are in cloce association throughout the full term of
 

graduate training, and the quality of the research is that re­

quired in a first-class university.
 

The soil and water management problems in tropical
 

and subtropical regions are many faceted and certain types of
 

problems have wide significance whereas others are strongly site
 

oriented. The types of research efforts are as varied as the
 

problems. Researchers are needed to make effective progress on all
 

crucial problems involving the development of the basic resources
 

of land and soil, climate and vegetation. These are so extensive
 

and the probable practices and procedures likely to be useful are so
 

varied that there is little justification for duplication of effort
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between internationalagricultural 
research institutes, the
 
programs of international agencies (UNDP-FAO, World Bank, etc.'
 
and bilateral programs (such as AID contracts), other external
 

assistance agencies.
 

The most important consideration in selecting the
 
area of research effort is whether such research will constitute
 
a fundamental contribution of the individual nation to meet urgent
 
food production requirements, and foster long-term agricultural
 
development, and ensure the most prudent use of natural resources
 
to meet human needs. A cardinal requirement is that the improved
 
productivity not be achieved to the detriment of the producer on
 
the land. 
 By and large he is the long-suffering, neglected, but
 
indispensible component of the national population. 
He should not
 
be "milked" to support less basic goals, 
for without the producers,
 
contributions, other aspects of national development may either
 
be impossible or severely constrained. 
Improved productivity of
 
the land is a necessity. 
Research designed to enhance productivity
 
should focus on constraints as 
to land, soil, water, that affect
 

agricultural productivity.
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B. 	 North Carolin. State University
 

1. 	 Introduction
 

The NCSU program combines the essential elements
 

of soils-agronomic economic research, including training and
 

institution building at the country level. 
The North Carolina
 

program also is formulating utilization and information transfer
 

concepts and methods to involve extension and farming operations.
 

NCSU has interested highly qualified staff and
 

graduate studints in the soils program, plus building on ten years
 

of experience of their Latin America soils "fertility" project,
 

and 	seventeen (17) years of institution building, teaching, and
 

research experience in Peru.
 

2. 	 Narrative Summary
 

The research format is focused on 
four 	primary
 

objectives. 
The first three of these are centered on developing
 

ecoatomically-sound soil management systems for: 
 (1) acid tropical
 

savannas, 
(2) tropical rainforests, and 
(3) intensive intercropping
 

systems. 
The field research activities to achieve each of these
 

objectives are based in Brasilia, Brazil and Yurimaguas, Peru.
 

Some work is also being done in Central America. The fourth
 

objective involvee assembling information arid assessing methodologies
 

on extrapolating research results.
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Three main activities are performed to achieve
 

these objectives: Soil characterization studies, to determine
 

the soil properties of little-known tropical areas along with
 

basic greenhouse and laboratory studies designed to understand
 

certain basic concepts not presently understood. A second acti­

vity is the development of a fertility-capability soil classification
 

system as a practical tool for grouping soils with similar fertility
 

limitations and thus, to bridge the gap between the subdisciplines
 

of soil survey and soil fertility. 
The third activity is development
 

of an extrapolation strategy. 
This activity involves economic inter­

pretation of the data gathered in a way which evaluates the profita­

bility of the soil management systems proposed and at the same time
 

provides physical coefficients for implementation recommendations
 

as follows:
 

3. Highlights from the Annual Report for 1975
 

a. Savannas
 

The long-term residual effects of liming and
 
fertilizer applications 
on Oxisols of the Cerrado of Brazil provided
 

additional information, as most experiments completed their third
 

year after establishment. Original applications of 2 to 8 tons/ha
 

of lime ivcorporated deep (0-30 cm) were able to maintain from
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72 to 97 percent of the maximum corn yinlds. Shallow (0-15 cm)
 

lime incorporations did not perform as well. 
Chemical analysis
 

suggests a considerable movement of exchangeable calcium and mag­

nesium below the zone of applications.
 

Phosphorus management continues to be the most
 

crucial fertility parameter for developing economically-sound
 

systems. 
The long-term residual phosphorus experiment, now in its
 

fifth consecutive crop, shows that a broadcast initial application
 

of 80 kg P205/ha as superphosphate followed by band applications
 

at the same rate before each planting produces about 80 percent of
 

the yields obtained by a massive initial broadcast application of
 

1280 kg P205/ha. The residual effect of cheaper sources of
 

phosphorus continued to show the good performance of high reactivity
 

rock phosphates. With time, the low reactivity Araxa rock phosphate
 

increased its effectiveness dramatically. Termofosfato, a thermal
 

alteration of Araxa fused with magnesium silicate, continued to
 

perform as well as superphosphates.
 

The residual studies of zinc fertilization show
 

that an initial rate of 9 kg Zn/ha is sufficient to maintain maximum
 

corn and sorghum yields three years after applications.
 

A methodology for screening varieties for joint
 

tolerance to aluminum-toxicity and low available soil phosphorus
 

levels was developed in the greenhouse and tested successfully in
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the field. 
 Several varieties of corn, beans, wheat, sorghum and
 
rice were identified as showing joint tolerarce to the two most
 
adverse factors of Cerrado soils. 
 When tested in the field, they
 
approached maximum yields at much lower levels of lime and phosphorus
 

applicatio.is than the sensitive variety. 
For example, the tolerant
 
sorghum variety, Taylor Evans Y-101, produced 6 tons/ha of grain
 
with only 1 ton/ha of lime applied 3 years before, with a 50 percent
 
aluminum saturation in the top 30 
cms. The susceptible variety
 

RS-610 produced the 
same yield with 4 tons/ha of lime and 20 percent
 
aluminum saturation in the top 30 cms. 
 Many maize varieties
 

developed under acid conditions in southern Brazil exhibit joint
 

tolerance to aluminum toxicity in low available soil phosphorus
 

levels in sharp contrast with CIMMYT's Mexican maize varieties
 

developed under calcareous soil conditions. 
These results have
 
stimulated national breeding programs of corn and sorghum to include
 
joint tolerance as breeding objectives. Coupled with other manage­
ment practices identified earlier, such as deep liming, combination
 

of broadcast and banded phosphorus and cheaper sources of phos­
phorus, the identification and use of tolerant varieties will make
 
economically Zeasible the opening of new acid savanna areas 
for
 

intensive crop production.
 

Crop physiology during water stress periods was
 
better understood through growth analysis monitoring leaf area
 

http:applicatio.is
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index, soil temperature, soil water use, transpiration rates,
 

stomatal resistance to water loss, leaf water potential, root dis­

tribution, yields and nutrient uptake. These measurements confirm
 

the superiority of deep liming as a better way to utilize soil
 

moisture during water stress periods in 
corn. Upland rice, however,
 

did not benefit from deep liming probably because of its greater
 

tolerance to soluble aluminum levels.
 

Mulching corn with grass reduced soil temperature
 

by 2-3 degrees Centigrade in both seasons while a black plastic
 

mulch increased soil temperatures by that amount. Both mulches
 

decreased water stress. Coupled with deep liming, grass mulch during
 

the hot rainy season and black plastic mulch during the dry season
 

increased yields significantly.
 

b. Amazon Jungle
 

The continuous cropping experiment suffered a
 

severe yield decline during 1975 even when levels of fertilization
 

and liming considered adequate were applied. The causes for this
 

decline were not related to age after clearing or to climate. They
 

were identified as insufficient rates of fertilization and liming,
 

poor germination and initial stands, soil compaction and increased
 

insect attacks.
 

Soil analysis confirmed that the fertilization
 

rates applied in 1972 are no longer adequate. Nutrient requirements
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increased as the soil approached a nuw equilibrium level. Mag­

nesium Lnd potassium deficiencies occurred and also an imbalance
 

between calcium, magnesium and potassium. The residual effect of
 

phosphorus applications was shorter than expected. 
 Poor germination
 

and initial stands of rice were corrected by selecting fungus-free
 

seeds and controlling insect attacks. 
 Soil compaction problems
 

became evident and were corrected by mulching and/or herbicide ap­

plications to minimize manual weeding. 
When fertilizer applications
 

were increased (to 180-160-150 kg/ha of N, P205 and K20 plus 50 kg
 

MgO/ha, 24 kg S/ha, 3 kg Zn/ha, 3 kg Cu/ha, 1 kg B/ha and 0.1 kg
 

Mo/ha) pests were colitrolled and mulches and herbicides used to
 

diminish soil compaction, the yields increased again. 
Next year's
 

annual report will show upland rice yields of over 3 tons/ha, corn
 

yields of over 4 tons/ha and soybean yields of over 2 tons/ha.
 

Preliminairy economic analysis shows that these fertilization rates
 

are profitable.
 

Research on multiple cropping combinations
 

showed that five basic crops (oorn, rice, cassava, peanuts and
 

soybeans) could be grown on the same 
land during one year, producing
 

about 30 percent more food and net income to the farmers than when
 

the crops were grown separately.
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Although the response to lime is great in these
 
acid, jungle Ultisols, the residual effect of lime applications Is
 
not as 
long as that observed in the savanna Oxisols. Continuously
 
humid weather, the use of Ca(OH)2 
as the lime source and the rapid
 
increases in exchangeable aluminum a few months after liming are
 
some of the reasons why. Incorporating lime with a hoe, 
or simply
 
raking it on the surface, gave very favorable responses and opened
 
practical possibili-ies in small farming systems where mechanization
 

is difficult.
 

Mulching or incorporating guinea grass or kudzu
 
in the soil increased crop yieids significantly over four successive
 
crops, and prevented yield declines in unfertilized fields. Mulch­
ing decreased soil temperatures by about 5 degrees Centigrade,
 

prevented compaction, conserved soil moisture and decreased weed
 
growth. Green manure applications did all of the above except for
 
decreasing soil temperatures. 
When crops were intensively fertilized,
 
the yield response to these residue applications diminished.
 

The responses to sulfur, magnesium, potassiuu
 
and micronutrients were also identified and quantified. 
This led
 
to the formulation of recommended fertilization rates which increased
 

corn and soybean yields dramatically.
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Field adaptation of Irish potatoes to the
 

lowland tropics was conducted with gerw,-1lasm and supervision of the
 

International Potato Center. 
The preliminary results show
 

considerable promise.
 

c. Central America
 

Research on mu>:iple cropping systems showed
 

that a corn-cassava intercroppeO zysten
4 in the Atlantic coast of
 

Costa Rica (on Allisols) produced as 
much yield of both crops per
 

hectare as 
two hectares of monoculture. 
In the ubiquitous corn­

beans relay intercropped system practiced throughout the region,
 

results showed that nitrogen applications to the beans after doubling
 

the corn yields increased bean yields significantly and economically.
 

The efficiency of nitrogen applications to upland rice in the
 

Pacific coast of Costa Rica siiowed 
an optimum application rate of
 

110 kg N/ha. 
A thorough study of dry matter and nutrient accumula­

tion by cassava was completed during the year. 
It provides basic
 

data for the understanding of this basic food crop. 
Phosphorus
 

fertilization studies in the Altiplano and Pacific coast of
 

Guatemp.la showed that no massive phosphorus applications are needed
 

to produce adequate corn and wheat yields. 
 Producing intensively
 

fertilized forage sorghum during the rainy season 
in El Salvador
 

to provide silage for dry season feeding Qf livestock was proved
 

to be economically sound.
 

http:Guatemp.la
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do Extrapolation Studies
 

The first formal version cf the Fertility-


Capability Soil Classification System was published. It is
 

presently being used in Colombia, Venezuela, El Salvador and tested
 

in other countries, including the United States. Its applicability
 

to Colombian data was tested. Problems were found in several
 

regions related to the use of the parameter designed to identify
 

high phosphorus fixation by iron compounds. It was found that
 

phosphorus fixation could be predicted by the clay content of
 

Oxisols and Ultisols or by the product of percent clay x percent of
 

free Fe203.
 

Soil characterization studies were conducted in
 

areac with very little prior information in the interior of South
 

America. A toposequence study in the Llanos Orientales of Colombia
 

indicates that these soils are classified as Oxisols and that they
 

differ only slightly in their chemical and mineraulogical properties,
 

except for organic carbon which seems to be closely related with
 

soil moisture regime. A second study in the Occidental Plateau of
 

Sao P:ulo State, Brazil shows that most soil variation was related
 

to parent material and geomorphology. In this region Oxisols,
 

Ultisols and Mollisols occur in close proximity. A third savanna
 

region in the west coast of the Maracaibo Lake in Venezuela, showed
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that soils varied fron Aridisols to Alfisole and Ultisols, depend­

ing on soil moisture regime. Basic studies also began on the
 

relevance of yellow and red soil colors on iron oxide composition
 

and management implications. Characterization of Oxisols and
 

Ultisols of the Venezuelan savannas and Amazon Jungle is also in
 

progress. At the request of the Ministry of Food, soils of the
 

Jenaro Herrera colonization project in the jungle of Peru were
 

collected for characterization.
 

A study trip through Nigeria, Ghana and Upper
 

Volta permitted a comparison of jungle and savanna soil conditions
 

between these areas of West Africa and South America. The similari­

ties in soil management problems are very close in both jungle
 

areas, although the West African regions visited have less soil
 

fertility problems and more soil physical problems than in the
 

Amazon Jungle. The similarities in vegetation are very striking
 

between the Cerrado and the Guinea savannas of Ghana. Howe,,er, the
 

soils are totally different and require completely different ap­

proaches. A study of the effects of burning the soil itself rather
 

than the vegetation was conducted with an Ethiopian soil in order
 

to gather a basic understanding of the "guie" system of shifting
 

cultivation practiced in that country.
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The economic interpretation project terminated
 

its initial phase of analyzing already existing data, finding the
 

most appropriate models for arriving at fertilizer rate recommenda­

tions. A new phase was started in late 1975 consisting of inter­

preting and analyzing data produced by our program in Yurimaguas
 

and Brasilia as a basic tool for linear programming and sector
 

analysis studies.
 

e. Collaborating Institutions and Individuals
 

The research reported is conducted in coopera­

tion with several national institutions, involving a high degree
 

of collaboration.
 

In the Cerrado of Brazil, this project is con­

ducted jointly with Cornell University and the Empresa Brasilerira
 

de Pesquisa Agropecuaria (EMBRAPA) at the Centro de Pesquisa
 

Agropecuaria dos Cerrados (CPAC), located about 40 km north of
 

Brasilia. The USAID Mission in Brasilia and the Interamerican
 

Institute of Agricultural Sciences provided valuable logistical
 

support. EMBRAPA has assigned Mr. Edson Lobato as project leader,
 

representing Brazil. Cornell and North Carolina State University
 

staff stationed at the Cerrado Center form an integral part of the
 

Center's research staff.
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In the Amazon Jungle of Peru, field research
 

is conducted at the Yurimaguas Experiment Station which is part
 

of the Centro Regional de Investigaciones Agropecuarias del
 

Nor-oriente of the Ministeria de Alimentacion. Supporting labora­

tory work is ccnducted at La Molina. The Direccion General de
 

Investigaciones of the Ministry has assigned Dr. Carlos Valverde
 

as project leader, representing Peru. Dr. Valverde has been very
 

effective in expediting administrative matters with the Peruvian
 

Government. The International Potato Center plays a major role in
 

providing administrative and logistical support. In turn, the
 

program grows its potato trials at Yurimaguas as the lowland
 

tropical station, for adapting potatoes to the region.
 

In Central America, joint projects are conducted
 

with the Centro Agronomico Tropical de Investigacion y Ensenanza
 

(CATIE) at Turrialba, Costa Rica; the Ministries of Agriculture of
 

Costa Rica and El Salvador and the Institutio de Ciencias y
 

Techologia (ICT) of Guatemala. Activities are also linked with the
 

International Soil Fertility Evaluation and Improvement Program
 

(ISFEIP). Logistical support is provided by CATIE. Program plans
 

are coordinated with the ROCAP offices of AID in the region.
 

Several extrapolation studies are also colla­

borative in nature. Data for evaluating the Fertility-Capability
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Soil Classification System has been provided by EMBRAPA, the
 

Instituto Colombiano Agropecuaria, Instituto Geografico Agustin
 

Codazzi in Colombia. Soil characterization atudies have been con­

ducted with partial financial support in the form of scholarships
 

for graduate Ptudents from the USAID Mission to Colombia, the
 

Ministerio de Obras Publicas of Venezuela, the Fondo de Amparo a
 

la Pesquisa do Estado de Sao Paulo, Brazil.
 

To fully appreciate the significance of the
 

NCSU program (and that of Cornell), one must first compare (a
 

diagnostic comparison is convenient) "traditional" with "system"
 

oriented research. The firEt is static in make-up and is task
 

oriented. The second is problem oriented and dynamic in make-up.
 

The first case says that we will work on a particular problem in
 

a particular place and assume the findings (conclusions) will at
 

least have some kind of general properties. The second case says
 

we will first determine the general properties that have to be met
 

in a systematic way; these determine the primary problems, and,
 

since we will have to get back to the problems we have identified
 

in good order, we will heve to have a vehicle to get us there
 

(the agricultural systems model).
 

On this feature of the research a common
 

methodology needs to be worked out jointly by Cornell and NCSU.
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For example, in Ghana, Cornell may have been extralokating a
 

methodology per se rather than an integral of a production system;
 

that is, the trade-off may well have been between the projection
 

of a research design (learned from the experience, of course),
 

vs. more time devoted to integration of practices into farming
 

systems in Puerto Rico as the laboratory.
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V. 
 Review and Evaluation of the Cornell and North Carolina
Field Research Program (excluding Ghana and Central America)
 

A. Puerto Rico
 

1. Introduction
 

The subcontract with Puerto Rico is advantageous to
 
both Cornell and Puerto Rico. 
 It provides Cornell with easy access
 

to oxisols and ultisols in the tropics, to field test the research
 

findings on such soils carried out in laboratories, greenhouses,
 

and growth chambers at Cornell. 
 It also is a convenient testing
 

ground for concepts on 
soil and water management, before transfer
 

to underdeveloped countries 
(Ghana, etc.) where oxisols and
 

ultisols occur. 
 The search for additional constraints on various
 

soil types 
(3 for oxisols, and 3 for ultisols) has provided new
 

insights; and preliminary studies have accelerated progress toward
 

the ultimate goal of developing productive farming systems.
 

Puerto Rico has benefitted by a significant enlarge­

ment of its total soils research program, the opportunity for
 

prompt utilization of effective management practices, enhancement
 

of the status of agricultural research in the government hierarchy,
 

and the training of staff by association with Cornell's senior
 

scientists.
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The subcontract has provided a mutually beneficial
 

association which should be continued.
 

2. Physical-Chemical-Biological Problems
 

The constraints on oxisols and ultisols for sustained
 

productivity generally have been confirmed on the Puerto Rico
 

members of oxisols.
 

3. Utilization
 

Utilization of research findings may apparently be
 

rapidly achieved through the Agricultural Extension Service. A
 

recent reorganization, when completed, will combine agricultural
 

research, extension, and teaching within the designated departments.
 

All of these are to be transferred to Mayaguez as 
soon as feasible.
 

Some aspects of the research, those dealing with
 

individual treatments or practices, may be transmitted to farmers,
 

but will require e,onomic interpretation. For improved farming
 

systems, the appropriate research has not yet been done. 
For
 

effective work, it is 
imperative that "tolerant" varieties that
 

are high yielding be identified for each crop to be included in
 

the farming system. 
This has not been done. Soil management and
 

improvement practices that are economically feasible, to insure
 

reasonable profitability of the system, should be evaluated.
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Before utilization can effectively occur, essentialiy
 
a complete reformulation and a developmental policy attitude toward
 
the rural sector will have to take place. 
In cross-section, and
 
in the cosmic makeup of agriculture, the rural economy of Puerto
 
Rico represents the developmental situation found in many other
 
developing countries. Agriculture has been victimized by a policy
 
emphasis which has been placed on industrial and urban development
 
ahead of agricultural development. 
As a consequence, the producti­
vity and employment opportunities have both steadily decreased,
 
particularly over 
the last 40 years. 
Puerto Rico now imports more
 

than a billion dollars a year of food items, the majority of which
 
the country could provide for itself under the right policy and
 
developmental climate. 
Therefore, before the technology available
 
to increase yields and to broaden the cropping base will be used,
 
fundamental changes will need to be made in the incentive climate
 

for agriculture.
 

The combination of various rates of liming, and of
 
nitrogen and phosphorus fertilization, are now being studied in
 
rotations on 3 oxisol soil types and ultisol soil types. 
 The
 
effective use of legumes to supply nitrogen is an additional
 

management factor under study.
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It should be reiterated that the field results from
 
Puerto Rico have been of short duration and further research is
 
needed to provide a sound basis for revamping country agricultural
 
systems. 
These results must also be correlated with those from
 
Brazil, Peru, Colombia, and Ghana before drawing final conclusions.
 
As noted earlier, the Puerto Rico soils seem to be substantially
 
more productive than those in the other regions noted. 
The
 
significance of this status requires further study.
 

4. Eoil ProductivityConsiderations
 

The productivity of several Puerto Rico soils has
 
been shown to be strongly influenced by the supply of water in the
 
soil profile to meet plant needs, the supplies of available phos­
phorus and the supply of available zinc. 
Supplemental irrigation
 
effectively corrected limited water supplies. 
Phosphate fertiliza­
tion corrected deficiencies in this element, and relatively small
 
amounts of zinc were sufficient. 
When these deficiencies were
 
corrected, the subsoils were as productive as 
the top soils.
 

Substantially higher yields of corn and beans were
 
produced by "tolerant" strains or varieties of these crops than by
 
most traditional varieties or "sensitive', strains that had been
 
introduced. 
Sorghum behaved much like corn, but total yields were
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lower, even for tolerant strains. 
Detailed studies confirmed that
 
the principal factors were those in the soil, rather than climate
 
(other than water), pests, and management factors.
 

Nitrogen fertilizers were generally needed, and were
 
most effective when applied as 
sidedressings when the crop was 8 to
 
10 inches tall. 
 Nitrogen fertilizer responses were similar to
 
tho.:e reported in temperate climates. 
The feasibility of supplying
 
nitrogen by growing leguminous species in the farming system has
 
not yet been studied. 
The practice of using heavy applications of
 
nitrogen fertilizer on beans appears to be uneconomic. 
Further
 
research is needed on effective inoculation to produce good nodula­
tion of bean roots, so that c-ternal nitrogen supply is not a
 
limiting factor in growth. 
Such data would provid guidance on
 
culture of other food grain legumes, green manuring legumes, and
 
forage legumes. Fertilizer responses on sweet potatoes and cassava
 
were conclusive on Puerto Rico soils.
 

The constraints on oxisols and ultisols for sustained
 
productivity generally have been confirmed on the Puerto Rico
 
members of oxisols and ultisols, as 
falling into 3 categories: the
 
physical constraints include deficient water supplies for crops
 
caused by rapid water loss by excessive soil drainage even in the
 
rainy season, and low water-retention capacity caused by the
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unique structure of the soil in which fine particles are aggregated
 
with large continuous channels between aggregates.
 

The chemical constraints include: 
 (a) strong soil
 
acidity; 
(b) high content of soluble aluminum (manganese in some
 
soils) that is toxic to many plant types; 
(c) low content of phos­
phorus, and the rapid conversion of fertilizer phosphate to aluminum
 
phosphate that has low solubility; (d) very low cation exchangc
 
capacity, with very limited contents of calcium and magnesium; 
and
 
(d) 
a frequent deficiency in one or more of the micro nutrients
 
essential for plant growth (zinc, copper, boron, molybdenum). 
 The
 
alleviation of these constraints by fertilizers and soil amendments
 
not only requires the addition of suitable chemicals, but the
 
method of application, amounts, and timing of treatments with
 
respect to crop plant needs are important.
 

The biological constraints include the barriers to
 
root development and occupation of the soil profile and this differs
 
with species and with varieties (cultivars) within 3pecies.
 
Tolerance to strong acidity and high levels of soluble aluminum
 
(or manganese) is necessary for good soil occupation by crop roots,
 
and for effective utilization of water contained in the soil profile.
 
Sensitive varieties of the 
same crop species may produce only 10 to
 
50 percent as much growth as 
tolerant species. 
There are great
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differences also between crop species: 
corn and beans are far more
 

sensitive than upland rice or cassava.
 

A significant research finding is that crop yields
 

generally are substantially higher on oxisols and ultisols in Puerto
 

Rico than those reported for Brazil or Peru. 
A theory that should
 

be tested is whether long continued farming and improved treatments
 

(practiced for many decades in Puerto Rico) have substantially
 

changed these soils from their native state. 
Will such improve­

ment occur on newly reclaimed lands (Cerrados of Brazil, Ilanos
 

of Colombia, or the ultisols of Peru and Ghana) if well managed
 

over extended periods? Sustained research is needed to evaluate
 

this possibility, since the reward would be continuing productivity­

the antithesis of shifting cultivation that has been traditional.
 

other biological aspects include the possibility of
 

replenishing the organic matter content of the soils by roots of
 

soil-improving crops (grasses and legumes), 
and thus improving
 

moisture-supplying power of the soil profile as well as 
the cation
 

exchange capacity responsible for contributing plant nutrients in
 

available form. The use of leguminous crops and green manures to
 

supply nitrogen in lieu of nitrogen fertilizers has only begun to
 

receive research scrutiny.
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A unique characteristic of oxisols and ultisols in
 

Puerto Rico is the luxuriant growth of weeds and native legumes
 

whenever crop land is allowed to stand idle. 
These responses
 

strongly indicate productive potential, but research is needed to
 

understand the phenomena and utilize the revealed principles for
 

growth of economic crops.
 

B. Brazil
 

1. Introduction
 

The research on the CPAC experiment station near
 

Brasilia is sited on Oxisol soils of the subgroups Dark Red Latosols,
 

and Red-Yellow Latosols. 
Laboratory facilities of CPAC are excellent
 

and fully accessible to the NCSU-Cornell staff and graduate assis­

tants. 
 Field assignments are adequate and logistical support is
 

good. 
 The review team had excellent discussions by Dr. Elmar Wagner
 

and Dr. Wenceslau Goedert, Director and Associate Technical
 

Director, respectively, of CPAC, as well as Dr. Dale Ritchey,
 

coordinator for the NCSU-Cornell project. 
Five of the research
 

assistants made presentations on research dealing with phosphorus,
 

liming and soil acidity, nitrogen, zinc, potasuium, magnesium and
 

calcium. 
Field inspections were made of crops growing under the
 

several kinds of soil treatments. 
 This field research is on soils
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that are fairly representative of some 183 million hectares of
 

land in Central Brazil that now are largely undeveloped.
 

These oxisols have smooth to rolling topography;
 

they are deep and well-drained, but strongly acid, high in soluble
 

aluminum that is generally toxic to crop plants, and quite low in
 

fertility. 
These soils also are seriously deficient in water­

holding capacity so that crops suffer from drought even in the
 

rainy season when periods without rain extend beyond 3 or 4 days.
 

Although limited field research began in 1969, most of the signi­

ficant findings have occurred since 1973. 
 The basic nature of soil
 

properties and deficiencies of oxisols are now known and treatment
 

for alleviation of the several constraints have now reached the
 

stage where continuing productivity is judged to be feasible.
 

However, further testing is needed to develop the most economical
 

methods of soil treatment and cropping practices, and to prove that
 

sustained productivity is likely under rational farm management.
 

The current status of research provides a sound basis for further
 

exploration and development of economically sound farming practices.
 

Termination of research at the current stage of development would
 

probably sacrifice the present significant breakthrough, since
 

exploitation by development of utilization practices remains to be
 

done.
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2. Physical-chemica-Biological Problems
 

Excessive soil acidity may be corrected by liming.
 

The amounts necessary, depth of mixing in the soil, and frequency
 

of liming, differ as to costs for different soil types. 
The benefits
 

for various crop species and varieties show wide differences. Lime
 

treatments generally correct deficiencies in calcium required by
 

tolerant species, and the use of dolomitic lime corrects deficiencies
 

in magnesium as well as calcium. 
Liming at appropriate rates also
 

reduces the amounts of soluble (toxic) aluminum, which makes possible
 

good yields of tolerant species of crops. 
 The economic feasibility
 

of correcting soil acidity to non-toxic levels of aluminum for
 

sensitive crops, such as maize, is yet to be determined.
 

Low phosphorus status of all oxisols is 
a major
 

constraint. 
In conjunction with liming, the application of super­

phosphate has permitted high crop yields, but the benefits are sub­

stantially better for tolerant crop species (viz., upland rice,
 

cassava, and soybeans), than for sensitive species. 
A most promising
 

situation is that rock phosphates (costs one-fourth of superphosphate)
 

is made soluble by interaction with these acid soils, and 
 release
 

enough phosphorus to support satisfactory crop yields. However,
 

there are significant differences with different sources of rock
 

phosphate, and these are currently being tested. 
Also, there appear
 

to be substantial differences between crop species, and between
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varieties of the same species, in their "feeding power" for slowly
 

soluble forms of phosphorus.
 

Some progress has been made in evaluating the
 

tolerance or sensitivity of plant materials to the combination of
 

high acidity and soluble aluminum with low-phosphate supplies, but
 

the comprehensive evaluation of all major crop species, and of the
 

available varieties of each species, is only beginning. This
 

promises to be equally important with soil treatment in developing
 

continuing productivity of the oxisols.
 

The oxisols are inherently low in supply of essen­

tial plant nutrients, and these researches have dealt with nitrogen,
 

calcium, magnesium, potasium and zinc as well as phosphate. Satis­

factory methods of correcting these deficiencies are known, but
 

data on the least costly and most profitable treatments are still
 

being explored. Particular importance rests on the use of legume
 

species to replenish the supply of nitrogen (through fixation of
 

nitrogen in root nodules), and this depends on findings to be made
 

on the residual soil nitrogen resulting from growing legumes in
 

rotation with non-legumes.
 

The correction of deficient water supplying power
 

of oxisols is related to the limited occupation of the acid soil
 

horizons by crop roots and by the inherent low capacity of soil
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to retain water in the soil profile. Cropping practices must cope
 

with this problem. It is estimated that 5 to 10 percent of the
 

Brazilian oxisols may be irrigated by local water supplies that
 

can be developed, and the economics of such irrigation must be
 

evaluated. 
Liming, in an appropriate manner to reduce soil acidity,
 

also increases root occupation of the soil. 
 The possibility of
 

increasing the water-holding capacity of the soil profile by
 

periodically growing adapted forage grasses and legumes that re­

plenish soil organic matter to the depths of such occupation,
 

remains to be explored. 
This would constitute a significant con­

tribution that can now only be speculation based as indirect
 

evidence.
 

The following activities that should build on the
 

factual base created 1-"research to date, should be given high
 

priority in a continuing program:
 

1. 	 Tropical Soils-Characteristics and manage­

ment. 
 To validate the concept of continuing
 

productivity, and 
to explore new methods of
 

soil improvement.
 

2. 	 Soil Conservation-Water erosion constitutes
 

a universal hazard that will assume greater
 

significance as lands are 
farmed. Nothing
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has been done to apply basic knowledge of
 

erosion control to these soil.3.
 

3. Pest Management-Particularly 
weed control
 

and control of root nematodes are important
 

second generation problems to be solved.
 

4. 
 Farm Economics-The influence of improved
 

technology on the cost of production per unit
 

of commodity, must be developed to guide
 

development of farming systems.
 

5. 
 Farming Systems-The choice of crops and of
 

adapted varieties, when combined into systems,
 

must be evaluated in terms of profitability of
 

candidate systems.
 

6. 
 Tolerant Plant Species-There must be a com­

prehensive evaluation of all climatically
 

adapted crop plant species, and of varieties
 

within each species, to determine their toler­

ance of soil acidity, toxic aluminum, and
 

slowly available phosphate, which are inherent
 

in all oxisols. 
From the limited data a,: hand,
 

this type of research gives great promise.
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7. Supplying Nitrogen through Legumes -This 
is
 

the means available to farmers, to meet crop
 

plant needs for nitrogen by inclusion of
 

legumes in the rotations. The legumes (food
 

grains, oil seeds, forage species) should be
 

profitable as crops, and also provide substan­

tial residual soil nitrogen for other crops.
 

8. Replenishing Soil Organic Matter-The native
 

supply of soil organic matter may be replenished
 

by selected rotations that include plant species
 

that make deeper root occupation and provide
 

residual organic matter that will increase
 

water-holding capacity, as well as 
supply
 

essential nutrients released by root decay.
 

All of the above types of research are needed to
 
insure sustained productivity of oxisols, as needed for permanent
 
agriculture. 
It is estimated that 
a total of 7 graduate assistants,
 
2 full-time consultant3, and 3 part-time consultants would ade­
quately staff such a program at the present research station.
 



C. Peru 

The experiment station at Yurimaguas is representative
 

of the Ultisols of the 
tropics in Latin America, Africa, and Asia.
 
It was selected with the objective of determining whether the
 
traditional slash-burn system of management could be replaced with
 
systems of continuous productivity. 
The ultisol regions have
 
much higher rainfall than oxisol regions and the native vegetation
 
is composed of trees and heavy understory plants. 
The slash-burn
 
method of fprming permits crop production for only two or 
three
 
years after clearing, followed by long periods of non-use during
 
which native vegetation re-occupius the land. 
Development of
 
continuously productive farming systems would increase the quantity
 
of arable land by 5 to 10 
times that of slash-burn methods.
 

Ultisols are deep, well drained, highly acid throughout
 
the soil profile, high in toxic aluminum, and very low in phos­
phoris. 
They are deficient in fertiliti,, particularly calcium,
 
magnesium, potassium, and 
in certain trace elements. 
 The soil
 
profile has low water-holding capacity, and crop species may
 
suffer from moisture shortage when periods for 
more than three or
 

four days are without rain.
 

Although the current renearch program has been continued
 
for only four years, 
some definite conclusions may be drawn as
 

follows:
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1. 
 Clearing the jungle by mechanical means, versus
 

hand 	clearing and burning, was strongly in 
favor
 

of traditional practices. 
Bulldozing was much more
 

costly, and it resulted in substantial reduction in
 

productivity, probably because the ash from burning
 

was 	not left on the land. Slash and burn for new
 

clearings is 
low energy, labor intensive, compatible
 

with developmlent by local small farmers.
 

2. 	 Liming. Liming is essential for all crops, but some
 

acid-tolerant crops require less lime for full
 

production than sensitive crops. 
 (Maize is sensi­

tive). Deep liming supports greater initial produc­

tion, but repeated limirg to depths of 4-6 inches
 

eventtially proves adequate. 
 Liming improves phosphate
 

efficiency, and supplies calcium alno. 
 The effect on
 

depth of root penetration has not been observed to
 

date.
 

3. 
 Phosphate fertilizers are universally required, but
 

tolerant species are more easily satisfied than
 

sensitive species. 
 Rock phosphate may be substituted
 

for fertilizer superphosphate, although the latter
 

gives more prompt response.
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4. 	 There have been new clearings made each year
 

beginning 1974, so that results of 1, 2, and
 

3 years of cropping were obtained in 1976. The
 

use of lime and fertilizers has successfully main­

tained crop yields for 3 years, in contrast to
 

steady decline where lime and fertilizers were not
 

used. The crops included upland rice, cassava,
 

soybeans, peanuts and maize. Maize yields have not
 

reached desirable levels, for unknown reasons.
 

These tests must be continued to prove sustained
 

productivity fcc longer periuds.
 

5. 	 Guinea grass and tropical kudzu grow luxuriantly
 

when phosphate is applied. They appear tolerant of
 

strong soil acidity, high soluble aluminum, and
 

limited storage of soil moisture. Tests in which
 

such forage plants are grown in rotation with tilled
 

crops should be conducted to determine their contri­

bution to sustained productivity.
 

6. 	 Mulching row crops with guinea grass or tropical
 

kudzu, appears to reduce water strens, probably
 

because of lower evapo..transpiration loses of soil
 

water.
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7. 	 This research has been very productive in development
 

of a knowledge base for ultisols, at relatively low
 

costs. It has been recognized as being important
 

for planning agricultural development in the upland
 

selva (jungle) of Peru. There are frequent visitors
 

to these research fields, including representatives
 

concerned with development of these extensive lands.
 

The research findings are considered applicable to
 

all types of development, with emphasis on small
 

larmers who predominate in most ultisol regions.
 

8. 	 The root occupation of soil horizons by different
 

crop species, and of individual varieties within
 

species, has not been explored to date. This would
 

be useful in selecting crops to be included in trial
 

farming systems, since extensive root systems are
 

doubtless associated with higher yields.
 

9. 	 The possibility of replenishing organic matter to
 

the depth that perennial grasses and legumes occupy
 

the soil profile is promising, since such replenish­

ment would improve water supplying power of soils,
 

and serve as an enlarged reservoir for plant
 

nutrients. A nearby field of sugar cane, now produc­

ing a 10th ratoon crop, offers nr opportunity for
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evaluating the potential for soil improvement
 

through plant roots.
 

10. There appears to be a significant opportunity for
 

extending the current accumulated knowledge of soil
 

improvement and crop improvement, to the production
 

of foods on home gardens. There is virtually no
 

production of vegetables at present, to supplement
 

the present limited diets. There appear to be
 

adequate local markets to absorb produce grown in
 

excess of family food needs. The following crops
 

are suggested for preliminary trials: tomatoes,
 

onions, eggplant, green pepper, squash and pumpkin,
 

melons, cucumbers, radish, cabbage, true sweet Lorn,
 

cowpeas, pigeon peas. Research is needed to select
 

crops best suited to ultisols. Varieties of each
 

crop, that are 
tolerant of ultisol conditions, should
 

be sought.
 

11. Since there is substantial local livestock production
 

for milk and meat, additional research to identify
 

forage grasses and legumes species suited to these
 

soils is warranted to supplement previous work with
 

a few annual crops.
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12. 	 The foregoing studies should develop sufficient
 

data on production with improved technology to
 

undertake the assembly of enterprises into farming
 

systems and estimates as to the profitability of
 

such 	systems.
 

13. 	 To implement the proposed expansion of research, it
 

is estimated that the staff should be enlarged by
 

3 additional graduate assistants, and 3 part-time
 

consultants. Root studies, vegetable production
 

and pest control should receive attention.
 

D. 	 Colombia
 

Although the tropical soils research contracts are not
 

inclusive of Colombia, observations were made there that have a
 

bearing on such centrally funded research.
 

1. 	 ICA (Instituto Colombiano Agropecuario) is a govern­

ment agency that includes research and development
 

for agriculture. There has been a sharp drop recently
 

in the government's effort in agricultural research.
 

The stated justification is that research has been
 

larcely done ard emphasis may be diverted to actual
 

production. This illustrates an uninformed concept
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that agricultural production problems are quickly
 

solved, and research may be deemphasized. The
 

example of developed nations may well serve to
 

create a better understanding by LDCs of the con­

tinuing role o, research in agricultural production
 

and development.
 

2. 
 CIAT (Centro Internacional de Agricultura Tropical).
 

This excellent institution has concentrated its
 

efforts on three major commodities-cassava, buans,
 

and livestock production. There are excellent inter­

disciplinary teams working on the various aspects
 

of these three commodities. 
In extended conversa­

tions with soil scientists at CIAT and visits to
 

field experiments it was emphasized that there is no
 

intention of undertaking basic soils research in
 

depth, along the lines of the tropical soils research
 

contracts with Cornell and NCSU.
 

This type of commodity specialization applies
 

to all international research centers. 
The several
 

disciplinary researches are pursued to the extent
 

that they meet the needs of a specified commodity
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but no further. 
 It is essential that the research
 

commitments of these institutes be understood to
 

exclude the type of research covered by the Cornell
 

and NCSU contracts. 
 There is little or no duplica­

tion of effort between these institutes and the AID
 

soils research contracts.
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VI. 	 Evaluative Comment on the Cornell and North Carolina State

University On-Campus and Field Research Program on Tropical
 
Soils
 

1. 	 Introduction
 

The review under this section applies to the work of
 

both 	NCSU and Cornell. Each university has conducted research on
 

its home campus. 
 In the field, Cornell has been involved in Puerto
 

Rico, Brazil and Ghana, and NCSU has beer 
involved in Brazil, Peru
 

and Central America. The research in Brazil by NCSU and Cornell
 

is truly a joint project.
 

Basically the efforts expended on campuses at both
 

universities are of the laboratory and greenhouse type. 
 All field
 

work was done in the tropical locations. Frequent joint planning
 

and review sessions were held, so all scientists learned and
 

advanced together.
 

The laboratory analyses of soils, and the greenhouse and
 

growth chamber testing of plant performance are essential parts of
 

the research program, but must be done where these facilities are
 

available and where skilled operators 
are present. Such activities
 

are 
impossible in the field situations where the constraints are
 

found. 
 The most effective utilization of total resources 
is to
 

use the existing facilities at the university for laboratory analysis
 

and plant testing under controlled conditions, with the field
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testing done in tropical locations; but where both functions are
 
under the direct control of the senior scientists and are carried
 
out by graduate assistants who move from the campus to the field
 
as the program evolves. 
This has been done by the contractors.
 

Laboratory analyses of soil samples that have been sub­
jected to various treatments in the field, and the interaction of
 
soils with chemical soil amendments provided basic information on
 
the changes in their suitability for crop growth. 
The growth
 
chambers and greenhouse testing of crop seedlings provide rapid
 
screening of large numbers of strains or varieties as 
to their
 
adaptation to the soil conditions. 
On the basis of such screening,
 
field trials have been made of the more promising strains. 
 Such
 
field trials have demonstrated that the use of aluminum-tolerant
 

strains, that also have ability to grow at low soil phosphate levels,
 
permits growing acceptable crops where sensitive strains of the
 

same crop fail.
 

When these projects were first undertaken, the prime
 
questions were whether or not tropical soils could support con­
tinuous food crop production. 
Up until this time, there was little
 
evidence that fooe crops could be grown on these soils and many
 
attempts to grow such crops had ended in failure. 
There were those
 
who argued that aluminum toxicity would prevent crop growth and
 



-60­

any attempt to correct the aluminum problem would either be too
 

costly or would bring about other prob!cms, such as micro element
 

deficiencies that would in fact be worse than the original problem.
 

These projects soon identified the major problems of these
 

soils 
(oxisols and ultisols) and demonstrated that substantial
 

improvement in crop production could be achieved. 
Major problems
 

of the tropical soils under evaluation were:
 

a. 
 Extremely low nutritional status, especially
 

phosphorus (and very high phosphorus-fixing capa­

cities), 
but also including calcium, magnesium and
 

potassium.
 

b. High amounts of acidity and soluble aluminum.
 

c. 
 Low water availability of the soils due to:
 

(1) High levels of toxic soluble aluminum
 

(2) Low water-holding capacity
 

2. 
 Physical and Chemical Properties of Tropical Soils
 

A most 
important area of inquiry is that of understanding
 

the physical and chemical properties of soils, their morphology and
 

general classification and to determine the similarity of the
 

properties over the broad land area 
represented by these two impor­

tant soils. 
 Hence, both Cornell and NCSU have put considerable
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effort into this aspect of the problem. They have found, for
 

example, that similar soils are 
found in parts of the Northeast
 

United States, and particularly in the Southeast United States.
 

They agree that the basic nature of the problems on these soils
 

is the same in the United States, South America, Puerto Rico, or
 

Africa. 
The degree or extent of the soil constraints may well
 

vary with specific site conditions, but in general the nature of
 

the problem is the same. 
 (For further information, see annual
 

reports and published references.) For example, Cornell working
 

on nitrogen response found quite similar results on soils in New
 

York, Puerto Rico and Ghana (see Figures 2 and 3).
 

Valuable information has been gathered on soil properties
 

in tropical Latin American regions, which had little or no previous
 

soils information. 
 For the first time a coherent picture of the
 

soils resources and variability in the interior savannas and jungles
 

of Guyana, Venezuela, Colombia, Peru and Brazil now is available.
 

Characterization of several sites in Central America was also
 

accomplished, as was comparison of soil properties and management
 

strategies between savanna and jungle areas of South America and
 

West Africa.
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3. Fertility Response Measurement
 

NCSU has developed a Fertility Capability Classification
 

System which is a technical system based primarily on topsoil
 

criteria. It serves a:i a way of grouping soils having similar
 

fertility limitations by simple techniques not requiring sophisti­

cated laboratory analyses. Three countries (El Salvador, Colombia
 

and Venezuela) are now using this system.
 

Experimental results demonstrate the high yield production
 

potential of these soils. For example, on oxisols and ultisols
 

in Puerto Rico, yields of corn grain with adequate fertilizer have
 

averaged 4.5 m.t. grain/year (average of 14 lozations/years of
 

data): Planaltine, Brazil 6.2 m.5. grain/year (4 location years);
 

Ghana, 4.5 m.t. grain/year; Central America 3.2 m.t. grain/year;
 

and Yurimagaus, Peru 3.6 m.t. grair/year. Further, the native
 

capacity of these soils to supply nitrogen is greater than is
 

generally appreciated and good crop production can be obtained, as
 

far as nitrogen is concerned, with moderate applications of properly
 

applied fertilizer nitrogen during several years of cropping.
 

As indicated, these soils are ro high in soluble aluminum
 

and so low in phosphorus and calcium that long-term experiments
 

were set up in 1972 to study these factors. Since the start of
 

these experiments, it has become evident that there are genetic
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differences in plant types with respect to tolerance to AL
 

toxicity. Therefore, the long-term field experiment where lime was
 

applied at four different rates, and two depths of incorporation,
 

was modified during the 1974-1975 rainy season to accomplish an
 

additional objective; 
to test varietal differences with respect to
 

aluminum tolerance. 
The residual effects of lime applications and
 

the related changes in soil properties and root development continued
 

to be measured.
 

Two grain sorghum hybrids, Taylor Evans Y-101 and RS-610,
 

were supplied by plant breeders of the EMBRAPA Corn and Sorghum
 

Research Center in Sete Lagoas because differential tolerance to
 

aluminum was suspected. The original plots were split in half and
 

sorghum was planted on November 7, 1974 in 60 cm rows at an
 

approximate population of 250,000 plants/ha. 
The crop was harvested
 

on March 11, 1975, after which a ratoon crop was allowed to grow.
 

The main crop received broadcast applications of 150 kg K20/ha as
 

KCL and 50 kg Mg/ha as MgSO 4 and a banded application of 150 kg
 

P205/ha as triple superphosphate and 20 kg N/ha as ammonium sulfate.
 

This was followed by two sidedressed applications totaling 200 kg
 

N/ha as urea. 
The ratcon crop was not fertilized. No additional
 

lime has been added to this experiment since the original application
 

of December 1972.
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4. Varietal Differences in Sorghum
 

The grain yields of the fourth consecutive crop are
 

shown in Figure 4. Deep lime incorporation was statistically
 

superior to shallow incorporation only at the 1 ton/ha rate. There
 

were no differences at the higher rates as 
it was observed in the
 

first and second consecutive crops 
(1973 and 1974 Annual Reports).
 

The large difference in this experiment, however, was the contrasting
 

response between the two hybrids. Taylor-Evans produced dramatically
 

higher yields than PS-610 at the 0, 1 and 2 tons/ha levels of lime.
 

At higher rates, the differences tended to disappear. In general,
 

Taylor Evans produced the same yields with half the rate of lime
 

as RS-610. Figure 5A shows that the differential response of these
 

hybrids is closely related to the percent aluminum saturation of the
 

top 15 cms of soil. Taylor-Evans showed a slower rate of yield
 

reduction with increasing aluminum saturation than RS-610. 
At 40%
 

Al saturation, for example, Taylor-Evans produced only 27% of the
 

maximum yield at the same 
level of aluminum saturation.
 

The ability of the sorghum plants' roots to proliferate
 

under high levels of aluminum saturation was related to the yield
 

differences. Figure 5B shows the relationship between root lengths
 

and aluminum saturation in the top 15 cms. 
 Deep liming applicationn
 

increased root lengths in both varieties.
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These results show the potential for utilizing aluminum­

tolerant cultivars as one of the management components for acid
 

Oxisols. A combination of I ton/ha of lime incorporated deeply
 

three years ago and an aluminum-tolerant hybrid produced a high
 

giain yield of 6 ton,/ha. In contrast, the conventional practice
 

of shallow liming and an aluminum-sensitive sorghum hybrid required
 

4 tons/ha lime to arrive at the same yield of 6 tons/ha.
 

5. Cumulative Effects of Liming
 

The cumulative effect of four consecutive crops (3 of
 

corn and I of sorghum) is shown in Figure 6. Although there was
 

no response to depth of liming in the second and fourth crops, the
 

overall trend showb a positive advantage of this practice. Incor­

porating lime to 30 cms in effect decreased the lime rate needed to
 

attain a specific yield, by half. The advantages of deep lime
 

applications are related to increasing root proliferation which,
 

in turn, allows for better soil moisture and nutrient utilization.
 

This favorable effect can be expected in other soils with high
 

aluminum saturation in the sub-soil. No beneficial effects of
 

dee? liming can be expected in soils where the sub-soil is not
 

aluminum-toxic, like the Red Yellow LUtosol on the first erosion
 

surface at CPAC.
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6. Residual Effects of Liming
 

An istimation of the residual effects of lime applied in
 

1972 to the first 
four grain crops is shown in Figure 7, expressed
 

as percent maximum yield relative to treatment which always gave
 

the highest .ibsolute yield, which was 8 tons/ha of lime incorporated
 

to 30 cms. 
 Among the shallow depths of incorporation, the 1 ton/ha
 

rate has lost most of its residual effect, producing only about 26%
 

of the maximum yield during the fourth crop. 
In comparison, the
 

2 tons/ha rate produced 72% of th maximum yield, the 4 tons/ha
 

rate 83%, and the 8 tons/ha rate 97%. Consequently, the residual
 

effect of these heavier rates is still considerable.
 

The deeply placed treatmentu, however, showed a slower
 

rate of decline in their residual effects. 
The 1 ton/ha produced
 

about 47% 
of the maximum yield, while the 2 and 4 tons/ha rates
 

produced 79% and 86%, respectively. In spite of the lower lime
 

rate per unit of soil volume, the residual effect of deeply incor­

porated lime is superior to that of the shallow incorporations.
 

ilia zig-zag pattern observed in some treatments with
 

time is typical of data where relative yields are plotted as a
 

function of tima. 
 The low points are normally associated with low
 

maicimuA) absolute yields because other limiting factors prevpnted a
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FIGURE 7. 	Residual effect of lime applications expressed as percent
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deep treatment. Numbers in parentheses show the maximum
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full response to the materials added. This was the case in the
 

third crop which was adversely affected by extremely wet weather
 

and subsequent pest and disease attacks. 
 The overall trend of the
 

experiment suggests that a lime rate of 4 tons/ha deeply incorporated
 

can provide a good residual effect with over 80% of the maximum
 

yield. Deep incorporation of 8 tons/ha remains the best treatment.
 

While considerable informat Lon is now available on the
 

short-term requirements for crop production on these soils, there in
 

an urgent need for long-term studies. This especially true in
 

relation to the more Al resistant varieties and species.
 

The trends for the residual effects of rates, placement,
 

and timing of superphosphate applications are shown in Figure 8.
 

There is a strong residual effect in all treatments. The total
 

yield was highest for the 1280 kg/ha broadcast treatment. For all
 

other treatments, the banded out-yielded the broadcast treatments.
 

The residual effects of the original broadcast treatments continues
 

to depend on the initial phosphate rate. The 160 kg P205/ha treat­

ment is only producing about 20% of the maximum yield, the 320 kg
 

P205/ha about 50% and the 540 kg P205/ha treatment about 80% of the
 

yield obtained by the 1280 kg P205/h3 broadcast rate. The residual
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effect of four banded applications was strong during the fifth
 

crop. Because of the low initial yields during che first and
 

second crops, the cumulative yields are similar between the
 

banded and broadcast treatments at the same levels of total
 

phosphorus applied.
 

The most practical approach appears to be the combi­

nation of an initial broadcast application followed by a banded
 

application of 80 kg P205/ha before each crop. 
When 320 kg
 

P20 5 /ha was broadcast initially and was followed by four banded
 

80 kg P2O5ha applications, the yields were maintained at about
 

80% of the maximum with a total phosphorus application 640 kg
 

P205 /ha. When the initial broadcast application was only 80
 

kg P205 /ha and was followed by five banded applications at the
 

same rate the cumulative yield was 71% of the maximum. 
These
 

latter two strategies appear to be most promising ways of manag­

ing superphosphate applications in this Oxisol with extremely
 

high acidity and aluminum.
 

The excellent results of these and other phosphate
 

studies show the high requirements for phosphate, and that excel­

lent crops can be grown when phosphate is adequate. However, these
 

data give very little information o,,! insight into the long-term
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phosphorus problems or how bent to solve them. 
Such solutions
 

will come from intensive long-term studies involving various
 

cropping systems and crops having different feeding capabilities
 

for mineral nutrients.
 

7. Available Soil Water
 

In the savanna areas, water is likely to be a limiting
 

factor. This is due to the low water holding capacity of these soils,
 

and where subsoil acidity or Al toxicity restricts root growth. One
 

or 
two weeks without rain can nullify the benefits of all the other
 

inputs required for good crop production. For extensive areas in
 

Central Brazil, it is estimated that average yields of maize during
 

the rainy season may only be about half of what is possible if
 

supplementary irrigation were provided, or if lime is incorporated
 

to 30 cm or more. Al tolerant vrieties may go a long way toward
 

correcting this. Experience in Ghana likewise has shown that uncer­

tainties in rainfall may have serious consequences.
 

The following table indicates the general relationship 

between soil acidity ar.d the ability of cotton plants to utilize 

available sub-soil moisture (U.S. data). 
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TABLE 1. 

PERCENT OF "AVAILABLE" SOIL 
WATER EXTRACTED BY COTTON
 

SOIL ACIDITY LEVELS PLANT ROOTS
 

Very Acid (pH 4.2 to 4.3) 35%
 

Strongly Acid (pH 4.4 to 4.9) 60%
 

Mildly Acid (pH 5.0 to 6.0) 95%
 

Neutral or Above (pH above 6.0) 95%
 

NOTE: 	 The higher acidity restrictLc.- -rootoccupation of the
 
soil profile and the absorption capacity of the roots
 
(root branches and root hairs) that are present.
 

In addition to finding ways to use the sub-soil moisture,
 

timing of planting and minimizing water run-off by good conservation
 

practices, should help to insure good crop production.
 

In the Central Plateaus of Brazil, sufficient water is 

available at a reaso'able cost to irrigate 5% to 10% of the land 

during che dry season and provide supplemental irrigation during 

the wet season. Thus, intensive, year around crop product'ion on 

small ccreages appears feasible. Thus, irrigaticn coupled with 

inruts of soiJ amendments and intensive management could provide
 

very attractive investments.
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8. Continuous Vs. Shifting Cultivation
 

The ultisols of the jungle area of Peru have sufficient
 

rainfall for year around crop production, and is a good example
 

where shifting cultivation has been practiced, but is niw feeling
 

sufficient population pressures to dictate an alternative to
 

shifting cultivation. Studies on different methods of clearing
 

have shown that 31ash-and-burn land clearing methods are superior
 

to bulldozer clearing. All experiments conducted here were on the
 

Yrimagaus soil series, an ultisol classified as Typic Paleudult,
 

fine loamy, siliceous, isohyperthermic, which is considered repre­

sentative of the region. Soil analysis shows this soil to be deep,
 

well-drained, very acid, low in organic matter and deficient in
 

nitrogen, phosphorus, potassium, calcium, magnesium, and in some
 

cases, sulfur, boron and molybdJnum. The sandy topsoil texture
 

makes this ultisol very sunceptible to soil compaction but reduces
 

serious phosphorus fixation problems.
 

Full use of the continuous cropping experiment was 

obtained in lIate 1974 with the opening of the third yearly chacra 

(or c aring). The same four cropping systems (continuous upland
 

r-cuv, rice-cori.-soybeans, rice-cassava-plantains and rice-guinea 

grass) were grown .n each clearing and uubject to the same fertility 
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levels, as described in the 1974 Annual Report. 
 In this fashion
 

it was possible to compare the effects of time after clearing with
 

the same crops growing on land cleared in 1972, 1973, 1974, and
 

1975 subject to the same weather conditions. Among the four
 

cropping systems tested, the rice-corn-soybeans annual sequence
 

appeared to be the most promising, permitting the harvest of
 

three grain crops per year from the same 
field.
 

Up to 1974 the data indicated that good crop yields
 

could be maintained with relatively modest fertilizer and lime
 

inputs. 
A severe reversal of these trends was observed in 1975.
 

The continuouf upland-rice and the rice-corn-soybean cropping
 

systems suffered a precipitous yield decline regardless of fertil­

ity treatments. 
 It occurred in all three chacras indicating that
 

the problem was not exclusively dtie to length of land use. (See
 
Figures 9 and 10.) 
 In April 1975, the nitrogen level for corn
 

and rice was increased from 80 kg/ha to 180 kg/ha and for soy­

beans to 30 kg/ha. Other fertilization strategies continued as
 

before. 
 This had a tremendous effect in increasing corn yields.
 

Soybean yi.elds wvre up in chacra I aid chacra III, but still low
 

in chacra II.
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The yield decline pattern of the continuous upland rice
 

system is shown in Figure 11 at three fertilization levels. In the
 

oldest clearing, chacra I, the unfertilized (tilled) control
 

approached zero yields during the fifth crop, while the maintenance
 

and complete treatments showed a parallel decline with yields
 

equilibrating at about 1 and 0.7 tons/ha, respectively, during the
 

fifth and seventh consecutive crops. In chacra 1I, 
 the yield decline
 

pattern was much faster in the unfertilized treatments, but the
 

fertilized treatments, which were able to produce good yields up
 

to the fourth consecutive crop, declined drastically during the
 

fifth crop. 
The decline for the third to fifth consecutive crop
 

was almost identical in chacras I and II. 
 The situation became
 

even worse in chacra II which produced excellent initial yields
 

because of better burning conditions. However, the fertilizer levels
 

used were unable to prevent a precipitation yield decline. Although
 

the ]ower upland-rice yields are generally expected in the February
 

to April plantings because of a greatex probabili.1' of drought 

stress, the declines observed in 1975 do not appear to be related 

to unfavorable weather. 

Severvl factors were suspectod to account for the yield 

declines: (1) insufficient ratoe of fertilization, (2) poor
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germination and initial stands, (3) increased insect attacks,
 

ard (4) soil compaction.
 

It is apparent that the higher level of nitrogen in 1976
 

reversed the trend. However, the yields are still somewhat lower
 

than in previous years. Thus, for both the continuous rice and the
 

rice-corn-soybean rotations, there appear to be other factors that
 

must still be identified and corrected. These data do, however,
 

give great confidence that these soils can be continuously farmed
 

without shifting-cultivation. Long-term studies are needed to
 

determine the best rotations, fertilizer, and cultural and biological
 

practices for continued economic production.
 

9. Problems Involved in Utilization of Research
 

The problems to be solved pertain to actual utilization
 

of lands occupiel by oxisols and uitisols, to produce crops on a
 

continuing economically souind basis, under the general climatic
 

conditions and stages of agricultural development that prevail in
 

developing countries. Consequently, actual field testing in the
 

respective regions and countries is an essential part of the research.
 

The contractors have enlisted the cooperation of the host country
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agriculturists, to conduct field trials on a realistic basis,
 

within the capabilities of local farmers. The field tests have
 

served to provide valid data on actual production, to identify and
 

cope with unanticipated constraints, and they have also served as
 

demonstrations to the local farmers. 
Field tests permit prompt
 

tranL;lation of the most productive treatments into practical produc­

tion by farmers, on a field scale. However, the host country YIas
 

carried the responsibility of influencing the country farmers to
 

implement the improved technology.
 

The researches to date have suggested important oppor­

tunities, including: (1) further probl6m identification and
 

methods of coping with such problems; (2) the creation of host
 

country institutions to provide continuing research on soil, water,
 

and crop manigement; (3) the training of country professionals at 

M.S. and Ph.D. tevels to man the research institutions; (4) the
 

formulation of policies and procedures relating to regional agri­

cultural development; (5) the operational aspects of a program to
 

transfer new technical knowledge to the producers on the land; and
 

(6) practices that will move the increased production to ultimate
 

market-, in a manner that produces economic incentives to the
 

produt'inq farmer. 
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The first 3 of the above items are within tho scope of
 

the research contract and have been wnll handled to date. Con­

tinuity of these efforts is essertial if the ultimate broader
 

goals are to be achieved. The outlook is quite favorable in
 

those countries where field work has been underwviy. Those
 

countries have been keenly interested in observing field results.
 

They have expanded their institutions and designated personnel
 

to aid in utilization of results. The marketing and economic
 

evaluations may be expected to follow, as new production occurs.
 

Items 4 thru 6, above, call for the development of a "utiliza­

tion" program between the research capacity of Cornell and NCSU
 

and the LLCs (see item 10, following, and section VI).
 

10. Evaluation of Problem Identification
 

a. Soil Characterization
 

The great soil groups termed the oxisols and
 

ultisols, have been showr to have 3 major constraints in terms
 

of crop production capab-Ality--limited water supplying power,
 

high soil acidity, and very low phosphorus content. These
 

constraints vary in intensity from location to location, but are
 

universally present on the soils. The limited water supplying
 

power is only partly due to the relatively long dry season
 

with little rainfall, but is also cauqed even in the rainy
 

season, by low water.holding capacity of these free-draining
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soils and by the high content of solu.ble aluminum that largely
 

prevents occupation of the moist soil profile by crop plant roots.
 

Periods as short as one week without rain cause severe water stress
 

in crops and greatly reduce yields. The high content of soluble 

aluminn throughout the profile of the oxisols (savanna lands) and 

ultisols (forested lands), are not only toxic to roots of crop plants,
 

but also react strongly with phosphorus applied as fertilizer,
 

converting it to very slowly available aluminum phosphate. The
 

soils of both groups are very low in total content of calcium and
 

magnesium, both of which are required for growth of most crop plants.
 

There has been identification of deficiencies in the supply of
 

micronutrients (zinc, copper, boron, molybdenum) on acid, high
 

aluminum soils, although aluminum toxicity and deficiencies in
 

calcium and/or magnesium are more important.
 

The critical matter is the identification of the
 

physico-chemical properties responsible for low productivity, that
 

are characteristic of soils as they are mapped in the field. It is
 

now clear that the great bodies of oxisols and ultisols with similar
 

constraints have been mapped in the tropics and subtropics throughout
 

the world. The management of such soils for efficient crop
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production will necessarily deal with their characteristic con­

strainto. It is estimated that such soils occupy more than 800
 

million hectares oz 40% of the potentially arable but virtually
 

unused lands in the world. These soils are important in some 48
 

16ss developed countries which are predicted to have a total popu­

lation of 1.6 billion people by the year 2000.
 

b. Classification of Soils According to Soil Fertility
 

In conjunction with the contract research of North
 

Carolina State University, a technical soil classification system
 

has been developed (FCC = Fertility Capability Classification) for
 

grouping soils with similar characteristics from the point of view
 

of native soil fertility and crop response to fertilizers. Progress
 

has been made in the use of the system as a guide to land development
 

and settlement programs. It is probable that the FCC system will
 

not only greatly simplify the characterization of soil types within
 

the great soil groups of oxisolE and ultisols, but may be useful in
 

lands where other soil groups occur, in temperate as well as tropiqzai
 

zones. This FCC classification identifies constraints in the soils,
 

such as aluminum toxicity, low phosphorus content, low cation
 

exchange capacity, as well as soil depth, water relations, drainage,
 

and similar characteristics associated with agricultural productivity.1
 



It is vastly simpler than the more precise classification of soils
 

based on a broad array of inherent characteristics of soils; but
 

adequate to make good estimates of the potential productivity of
 

land areas.
 

c. 	Efforts to Convert Traditional Shifting Cultivation
 

Systems of Land Management to Those That Permit
 

Continuous Cropping
 

Research has continued on replacement of shifting
 

cultivation by continuous cropping, where yields are maintained
 

at economically profitable levels. The causes for rapidly declining
 

yields when native vegetative cover is removed by clearing and
 

burning, and on which cropping then is practiced for a few years,
 

have been explored. Both chemical and physical changes occur in
 

the soil, that include increases in aluminum toxicity, declines in
 

supply of calcium and phosphorus, depletion of nitrogen, and serious
 

reduction in water retention capability of the soil. Methods of
 

using lime, phosphate and nitrogen fertilizers, in amounts and the
 

timing of application to meet crop needs, have been charted for
 

some important food crops. Mulching with grass or kudzu (legume
 

forage plant(, in conjunction with use of lime and fqrtilizer, has
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been beneficial, and this approach warrants experded'studies; 
as
 

well as methods of introducing organic matter into the soil profile
 

by 	roots of adapted plant species. There is reason to believe that
 

continuous productivity is possible which will enormously increase
 

total productivity of lands occupied by oxisols and ultisols by
 

several-fold over the traditional slash and burn systems that re­

quire long periods (5-15 years) of "fallow" for native vegetation
 

to 	restore soil productivity after a short period of cropping.
 

d. 	Low-Energy Technology for Farming Systems
 

Small farmers rely largely, or wholly, on crop pro­

duction systems that rely largely on hand labor, with comparatively
 

little use of machine power, commercial fertilizers, or pesticide
 

chemicals. The application of technology to such systems, in which
 

relay plantings of compatible crops, or inter-planting, and other
 

methods are used for continuous occupation'of the land by upland
 

rice, maize, peanuts, cassava, beans or cowpeas, etc., has distinct
 

possibilities. 
Some systems have been determined to be at least
 

30% more profitable than monocultures, and with much less risk of
 

failure. A great array of variations are possible with hand labor,
 

that are impossible with mechanized systems where one crop is grown
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at a time, and the seasons and the land are more completely used.
 

The technology as to most effective use of fertilizers, choice of
 

suitable crops, improved farietics, continuous weed control, etc.,
 

are new dimensions to traditional farming.
 

e. Managing Soil Acidity
 

Soil acidity, and the associated aluminum toxicity
 

and low phosphorus availability have been shown to be universally
 

critical constraints to the productivity of oxisol and ultisol soils.
 

The addition of lime is the major means of controlling soil acidity.
 

Because the cost of liming is significant, the most effective methods
 

of using lime have received attention. Deep incorporation (to 30 cm)
 

is most effective, but surface application and hoeing to mix with
 

the surface soil is a practical method for small farmers, and
 

smaller amclnts applied to successive crops have been effective.
 

A relatively new approach to the problem is the
 

incorporation of organic matter (crop residues, composts, manures,
 

etc.) as a means of mitigating the effects of soil acidity on crop
 

plants. This offers the opportunity for increasing the benefits
 

from liming with little additional cost and warrants expansion of
 

research in this direction.
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f. 	Phosphorus Managentent on Soils with High "Fixation-'
 

for This Nutrient
 

There are 2 alternatives available, in the light of
 

modern technology: (1)better methods of using phosphate fertilizers,
 

and (2) plant Lreeding to improve the crop plants use of phosphorus
 

in increasing yields. Evaluations have been made on effective
 

methods of applying phosphate fertilizers; specifically, broadcasting
 

and mixing with the soil; vs. placement in bands below the crop row;
 

vs. massive applications at infrequent intervals, in contrast to
 

smaller amounts supplied to each crop, and other variations. The
 

researches to date indicate that smaller amounts of phosphate
 

fertilizer for each crop will suffice, and this is economically
 

preferable. However, comparisons of newly reclaimed ultisols with
 

those farmed for many decades in Puerto Rico, indicate that these
 

soils can be made (or actually transformed) over time, into produc­

tive soils. The nature of the changes warrant studies in both
 

depth and duration, since they may apply to oxisols and ultisols on
 

a world-wide basis. Studies on the use of certain rock phosphates
 

suggest these forms may replace superphosphate fertilizer at much
 

lower cost, but with equal effectiveness on these auid soils.
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g. 	Increasing Crop Productivity by Breeding for
 

Tolerance to Adverse Soil Conditions
 

Some highly significant initial researches have been
 

made on the inherent tolerance of certain crop species, to the
 

soluble aluminum that is toxic to crop plants, and 'O the low phos­

phate content of the soils. Not only are some crop species capable
 

of meeting growth requirements on such soils (rice is highly tolerant)
 

but within sensitive species (such as corn and sorghum) there are
 

genetic strains that have substantial tolerance to high aluminum
 

and low phosphate. These genetic differences are now known to
 

exist, but the exploitation of tolerance by appropriate plant
 

breeding combined with a companion program of management and improve­

ment should be pursued intensively to produce early benefits.
 

Techniques for rapid screening of strains and varieties of crop
 

plants have been developed for us6 in seedlings grown in greenhouses
 

or growth chambers. Field trials give dramatic evidence of tolerant
 

strains producing satisfactory yields, alongside virtual failures
 

of unsclected, or sensiti.ve strains or varieties.
 

11. 	 Aqro-Economic Analysis Relative to Economically Viable
 

Farming Systems
 

The ultimate goals of tropical soils research are
 

increased productivity of land, lower costs per unit of the
 

http:sensiti.ve
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commodity, and a net enhancement of farm profitability. These
 

matters must not be taken for granted. The application of tech­

nology may fail even with increased yields without improved farm
 

income. Also, the technology must be made feasible for application
 

by the farmer.
 

The analysis bearing on utilization of soils technology
 

appears to call for a focus on farming systems as the evaluative
 

matrix and on data with respect to three "sets" of factor-product
 

relationships. The first of these are production function or input­

output data such as amounts of nitrogen relative of yields. The
 

second data set are those related to the choices to be made among
 

alternative practices or cropping systems. The third set is the
 

management requirement of the farming operations and maintenance of
 

the farming system. To evoke technical data, utilization conclusions
 

regarding yield and income possibilities must be presented in
 

sufficient prescriptive detail that the total cropping system can
 

be fully understood and comprehended. Too high a level of generali­

zation does not lead to information of a useable nature.
 

Further, generalization of utilization in an area o'
 

regional developmental sensa must be preceeded by a more definitively
 



- 94­

systematic land use classification system than is presently
 

available. North Carolina has undertaken a pioneer effort to
 

evolve such a soil and land use classification system for the
 

tropics. Land use classification provides the dynamic frame­

work for agro-economic extrapolation. A second essential
 

consideration of dynamic extrapolation and technology utili­

zation is what it takes to "transition" from one system to
 

another and to hold the new system in equilibrium with respect
 

to the natural and economic environments. System transition
 

from one form of agricultural production to another, say from
 

what is traditional to one of higher level or order, is not
 

usually something that happens all at once. The reasons are the
 

additional requirements and changes in risk factors or conditions.
 

Among tnese are farmer skill and capital requirements, land
 

use. transition lags, adjustment for an added array of factor
 

inputs, levels of effort, and reaction to uncertainty. There­

fore, economic analysis must include, in addition to input-output
 

point reference estimates, an accounting for th influence of
 

yield variance, time to maturity of investments, total capital
 
/

formation requirement, and information on other variables
 

which affect farmer and/or planning decisions such as growth
 

in per capita income and consumption, rates of development of
 



-95­

infra-structure, available inputs, services, and credit, aad pro­

jections on changes in attitudes and appetites with respect to
 

different commodities.
 

A reasonable format for the type of economic analysis
 

outlined is suggested below. 
With respect to this outline, the
 

North Carolina State University agro-economic linear programming
 

analysis underway could provide useful "directional" insights re­

garding farming systems which might evolve. 
However, it is suggested
 

that this analytical modelling effort be dis-aggregated to deal
 

with marginal analysis, capital formation, and optimizing of data
 

with respect to the functionals of alternatives. A further sugges­

tion is made that the analytics include "plateauing" of transition
 

to provide the necessary element of dynamic analysis and that a
 

systems model be attempted relative to the condition variables
 

involved in extrapolation and area development considerations. The
 

analysis suqgested perhaps includes all of the following "systems"
 

approaches:
 

a. The traditional farming system muut be described:
 

(1) under prevailing conditions it is the optimum
 

system,
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(2) it is the system to be transformed,
 

(3) conclusions of an analytical technique do not
 

constitute a system.
 

b. Development of input-output data:
 

(1) Each soil adjustment practice involves various
 

ways, methods, time sequences, and rates, any one
 

of which may be optimum.
 

(2) Practices may be complementary, competitve, or
 

supplementary, which they are, and what the yield
 

effect is, to determine choice.
 

(3) Yield variance and time variance data are essential
 

to estimates of risk and uncertainty, maturity of
 

investments, skill acquisitions, level of managerial
 

effort, and these directly affect and condition
 

the operational decisions.
 

c. Essentially, a farming system is decided on non­

technical grounds:
 

(1) Technology provides means, alternatives, and
 

alternative means only.
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(2) The choice of farming system is made on cost­

price relations of alternative means and alternative
 

commodities, as circumscribed by condition
 

variables (risk, effort, variance, availability
 

of factors).
 

(3) The capital formation requirement, materials,
 

things, and human, is an absolute condition of
 

transition timing and staging.
 

d. Possible "down the road" considerations for the
 

future: Area Development Modelling:
 

(1) Programming, considering both the linear and
 

dynamic forms, appear to be adequate for farming
 

system comparisons,
 

(2) Area development projections appear to pose for
 

consideration of syjtems simulation involving
 

system science modelling and operations analysis.
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VII. 	 LDC and AID Utilization of the Findings and Achievements
 
of the Tropical Soils Research Program
 

Introduction
 

The research program products and renults have been
 

utilized by LDC and the international network on soils from the
 

program's beginning. The research findings on correcting tropical
 

soils 	fertility deficiencies, toxicity and other major problems
 

of soils utilization and land use have been directly inco.'porated
 

.ito farming operations in certain areas of Souch and Central
 

America, in the Caribbean, and to a certain extent in Africa,
 

at the moment. An even wider range of incorporation of substan­

tiated findings exists as the inclusion of agronomic response
 

data is combined with the soils information created to make up
 

recommendations of effectively viable farming systems for the
 

tropics. Another occurrence which has the promisi of rapidly
 

enhancing the utilization of the products of the soils research
 

is the improved soils classification and mapping system under
 

development at North Carolina State University.
 

Commensurate with these farm level utilization strate­

gies employed by both Universities, has been the strategy of
 

building research response cayability into the research insti­

tutions of individual. countries (e.g. Puprto Rico, Brazil, Peru),
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and the training of LDC soil icientists to direct research and
 

to extend through demonstration and adaptive research means,
 

the results of the U.S. sponsored program r
cheir country's
 

farmers. At the same time, AID itself has benefited from the
 

expertise it has helped to fund. Both the Regional Bureaus and
 

the Technical Assistance Bureau have been able to tap some of
 

the best soil and czop expertise within the United States at
 

very short notice and at nominal cost to meet AID comiitments
 

on soils and on general agricultural considerations.
 

A. 	 Problem Identification and CoveraLc
 

Research results adapted, or under adaptive procedures,
 

by LDC host institutions or by farmers inclule the following:
 

1. 	 Land Use Capability
 

a. 	 Projections based on historic experience
 
modification
 

b. 	 Improved mnethods of problem identification
 
and land use capability mapping
 

2. 	 Fertility Status
 

a. 	 Major and minor soil nutrient eloments
 

b. 	 Incorporation of organic mtcrials
 

c. 	 Inclusion of leguminous plants in crop
 
rotations
 



-100­

3. 	 Soil Toxicity and Ph Factors
 

a. 	 Liming_ and -tillage
 

b. 	 Plant tolerance screening
 

4. 	 Soil Moisture-Plant Telations
 

a. Root zone and root complex iznvestigations
 

b.~lAdaptation of plants to moisture stress
 

c. 	 Precipitation mapping and weather forecasting
 

5. 	 Low Energy Farming Systems
 

a. 	 Legumes as an indirect source of nitrogen 

b. 	 Nutritional multiplier effect of crop
 
selection and crop rotation
 

c. 	 Special requirements of nodulation of
 
legumes
 

d. 	 Disease and pest control
 

6. 	 Agro-Economic Analysis
 

a. 	 Development of technically feasible farming
 
systems
 

b. 	 Economic assessment for economic viability.
 

B. 	 Utilization Response Capability
 

The research results achieved, and the research under­

way, will, by the process of being extended and tested for adop­

tion, apply to Oxisols and Ultisols generally. At present these
 

two tropical soils are mostly in their natural state, or are
 

devoted to shifting cultivation and extensive type cattle grazing.
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However, together they comprise the largest single block of
 

potentially arable land remaining in the world./ Regarding
 

developing this potential Cornell and North Carolina State have
 

a response capability composed of more than 30 senior scien­

tists with special qualifications in tropical soils and crops.
 

Together they have also trained, during the course of the soils
 

research program, more than 60 graduate degree students, pre­

dominately PhD.s, divided roughly 50-50 between U.S. and
 

foreign students. These personnel, now trained in soil science
 

and agronomics of tropical agriculture, comprise an immeasurably
 

valuable research, institution building, and utilization resource.
 

In specific terms, the response capability of the two
 

Universities covers the following areas of competency:
 

1. A Technical Assistance Response Capability on:
 

a. The technical aspects of tropical soils 

b. Land classification and soil survey 

c. Agricultural development planning and 
analysis 

d. Training courses for LDC soils and 
agronomy specialists 

e. Participation in technical workshops and 
seminars 

_ There are approximately 1600 million hectares of acid Oxisols
and Ultisols of which about half are believed to be potentially
 
arable.
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2. 	 Research Institution Building by:
 

a. 	 Providing a scientific basis and staff
 
assistance
 

b. 	 Providing research designs and project
 
leadership
 

c. 	 Providing soils information and recom­
mendations for adaptive research
 

d. 	 Working with host country personnel

responsible for farming system recommenda­
tions and area development planning
 

3. 	 Reports and Technical Documents:
 

a. 	 Annual reports
 

b. 	 Research publications
 

c. 	 Thesis documents
 

d. 	 Written and verbal reports to LDC
 
researchers and planners
 

4. 	 Workshops, Seminars, and Professional Meetings:
 

a. 	 Presentation of technical papers
 

b. 	 Discussion of methodologies of research
 
and extension
 

5. 	 International Coordination:
 

a. 	 FAO and cther International Assistance
 
agencies
 

b. 	 The International Research Centers (CIAT,
 
IITA, CIP).
 

By the processes outlined, a scientific basis for
 

continuous and multiple cropping of the acid Oxisols and Ultisols
 

has been established. Sufficient basic data is on hand and
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research and utilization methodologies are improved to the point
 

where extrapolation through soil classification, problem identi­

fication, and testing is 
a ruality. 
This does not mean, however,
 

that the research is complete, but, at the same time, the research
 

because of its magnitude, complexity, and long termness, is an
 

international responsibility. The continuing ,nr.ed for research
 

is summarized in the following five 
(5) points.
 

C. 	 The Argument in Favor of Sustained Agricultural
 
Research for LDCs (a rational philosophy)
 

1. LDCs do not now have the capacity for basic
 

research needed to support adaptive, site­

specific research for the individual countries.
 

External assistance on basic agricultural prob­

lems 	is essential, and must be continued for an
 

extended period. Such basic research should
 

deal with problems of natural resources and their
 

utilization, that are regional or international
 

in nature.
 

Lands and soils, climatologic influences,
 

vegetation and crops, animal resources, these
 

comprise the group of resources that are unique
 

in the tropics, but have sufficient similarities
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to warrant extrapolation of the known body of
 

knowledge from the developed countries, to the
 

LDCs.
 

2. 	 The International Agricultural Research Insti­

tutes are important agencies to foster agricultural
 

development of LDCs. However, their individual
 

charters and their active programs of research
 

are dedicated to selected commodities or practices.
 

For example, CIAT has elected to concentrate its
 

research on Cassava, beans and pastures and feed
 

for cattle. It's program on soils is limited to
 

that 	which is pertinent to these three (3)com­

modities. A similar selection of objectives has
 

been 	made by each of the other international insti­

tutes. It is clear that these institutes were not
 

created to cope with wideipread basic problems
 

on natural resources development; and that research
 

on widely occurring problems (such as those on
 

tropical soils) must be accompl.ished by other
 

means.
 

3. 	 Individual LDCs, because of their limited develop­

ment and scanty resources available for agricultural
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research, ara not likely to pick up the ball of
 

basic research, and carry it along to the stage
 

where a body of principles and tested knowledge
 

can serve as the base for adaptive research pro­

grams that will serve agricultural development
 

for the individual country. There is clear
 

evidence that premature termination of basic
 

research by AID or other external assistance
 

agencies, results in abandonment of the activities,
 

and the loss of most or all of the promising
 

advances that have been made previously. Con­

tinuity is the life-blood of effective research.
 

4. 	 The basic research programs dealing with natural
 

reso roes underlying agricultural development in
 

the tropics, must be continued to evaluate prac­

tices 	and materials that will not only be profitable
 

as individual enterprises, but suitable for inclu­

sion 	in farming systems that are economically sound
 

and feasible for adoption by small farmers of
 

representative regions.
 

5. 	 The necessary program of assistance to individual
 

LDCs to organize and develop thair own programs
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of adaptive research to serve the country (with
 

its unique economic and social needs), may be
 

selected as a useful activity of USAID. Such
 

country programs of adaptive research to serve
 

local agricultural productivity and development,
 

will be difficult to inaugurate and have less
 

chance of proving useful, if they must also
 

develop the broad principles of natural resource
 

development and utilization. The chances of
 

success in country-based adaptive agricultural
 

research should be greatly enhanced by basic
 

research on natural resources of ecological
 

regions, if this is achieved by some international
 

agencies.
 

D. 	 Evaluative Comment on Future Research and Utilization
 
Strategy
 

The comment and observations of Cornell and North
 

Carolina State Universities on research utilization are stated
 

under appropriate headings in the summaries each University
 

furnished the review (Appendices I and II). Essentially, the
 

statements made conform to the outline of utilization materials
 

and processes set forth above. These statements are excellent
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as far as they go. What mainly is lacking is a sense of organi­

zation and of concerted and concentrated focus on agricultural
 

development. 
Two things were apparent to the review team. 
The
 

soils research must derive from a desired farming system or sys­

tems being given. 
And, secondly, there must be a conscious effort
 

to link the research to feasible and viable farming systems through
 

the reinforcement, or assisting to establish, an LDC institutional
 

response capability.
 

Under this concept, utilization is a special undertaking
 

having its own uniquely defined and formalized processes and
 

mechanisms. 
All of the above that has been outlined and which
 

has been called utilization would be blended into this concept.
 

The diffezence in the utilization concept of the review team
 

and the foregoing is not merely one of slant, cast, or emphasis;
 

the difference is fundamental in at least three respects: 
 (1)
 

the research requirement would be decided in a desired farming
 

system context, starting with the traditional system, (2) the
 

research would not, then, be single factor, e.g. toxicity, but
 

would be multiple factor with respect to the elements of the
 

biological-physical-chemical make up of the environment, and
 

(3) utilization would be determined cotmmensurate with the
 

research determination and utilization, and would in such a
 

framework play a leadership and decision role in determining
 

how the entire research-utilization process would take place.
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This argument subsumes a multi-disciplinary "team" 
approach, and it further subsumes that the team will accept 

joint.resech utilization and responsibiltties An appropriately 

stated step in this direction is outlined in the North
 

Carolina State proposal entitled, "Tropical Soils Management
 

Netwiork." 
 This proposal pertains mainly to the research side
 

of the question but there is no doubt in the review team's
 

mind that the concept of an informational network is a timely
 

consideration. 
The team doubts that utilization can be as
 

well blended effectively into the entire development assistance
 

effort in any other way. 
There is no reason that the North
 

Carolina proposal cannot be rounded out and given the dimen­

sional focus on 
the visualized research-utilization program.
 

Since tv: natural instruments of research are those
1 


outlined in the foregoing sections, and since the natural mode
 

of operation of U.S. Universities is through existing institu­

tions, the question of collaborating with institutions and
 

with individuals of these institutions is a vital consideration.
 

The following excerpt from the 1975 NCSU Annual Report indicates
 

the success that can be achieved:
 

"A highly significant aspect of these university
contracts on tropical soils, is the success in involv­
ing the host country governments, institutions and
individual scientists in the programs of research and
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utilization. The governments have recognized the
 
importance of soils research tIo national develop­
ment, and are moving to institutionalize these
 
activities and to staff the work with their own
 
scientists. 
At present, these countries are still
 
quite dependent on the superior capability of the
 
U.S. university staff, and on the university lab­
oratories and greenhouse facilities that permit

indispensible support for field research. 
However,

it is encouraging that the U.S. contracts are stim­
ulating strong country activity that should even­
tually permit each country to become more nearly

self-sufficient in research and development. 
This
 
should always be the ultimate goal of the USAID
 
effort.
 

The following report (1975 Annual Report 
-

Tropical Soils Research Program) is indicative of

the strong participation by the host countries:
 

"Collaborating Institutions and Individuals
 

The research reported is conducted in

cooperation with several national and international
 
institutions, involving a high degree of collaboration.
 

In the Cerrado of Brazil, this project

is conducted jointly with Cornell University and
 
the Empresa Brasileira de Pesquisa Agropecuaria
 
(EMBRAPA) at the Centro de Pesquisa Agropecuaria

dos Cerrados, located about 40 km north of Brasilia.
 
The USAID Mission in Brasilia and the Interamerican
 
Institute of Agricultural Sciences provided valu­
able logistical support. 
EMBRAPA has assigned
 
Mr. Edson Lobato as project leader, representing

Brazil. 
Cornell and N. C. State staff stationed
 
at the Cerrado Center form an integral part of the
 
Center's research staff.
 

In the Amazon Jungle of Peru, field re­
search is conducted at the Yurimaguas Experimont
 
Station which is part of the Centro Regional de
 
Investigaciones Agropecuarias del Nor-oriente of
 
the Ministerio de Alimentaci6n. Supporting
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laboratory work is conducted at La Molina. The
 
Direccion General de Investigaciones of the Ministry
 
has assigned Dr. Carlos Valverde as project leader,
 
representing Peru. Dr. Valverde has been very ef­
fective in expediting administrative matters with
 
the Peruvian Government. The International Potato
 
Center plays a major role in providing administra­
tive and logistical support. In turn, the program
 
grows its pot-'to trials at Yurimaguas as the lowland
 
tropical station for adapting potatoes to the region.
 

In Central America joint projects are con­
ducted with the Centro Agronomico Tropical de Investi­
gacion y Ensefianza (CATIE) at Turrialba, Costa Rica;
 

the Ministries of Agriculture of Costa Rica and El
 

Salvador and the Instituto de Ciencias y Tecnologia
 
of Guatemala. Activities are also linked with the
 

International Soil Fertility Evaluation and Improve­
ment Program (ISFEIP). Logistical support is provided
 
by CATIE. Program plans are coordinated with the
 
ROCAP offices of AID in the region.
 

Several extrapolation studies are also
 
collaborative in nature. Data for evaluating the
 

Fertility-Capability Soil Classification System has
 
been provided by EMBRAPA, the Instituto Colombiano
 
Agropecuario, Instituto Geografico Agustin Codazzi
 

in Colombia. Soil characterization studies have
 
been conducted with partial financial support in the
 
form of scholarships for graduate students from the
 
USAID Mission to Colombia, the Ministerio de Obras
 
Publicas of Venezuela, the Fondo de Amparo a la
 
Pesquisa do Estado de Sao Paulo, Brazil.
 

"Approximately 75 individuals from the different
 
cooperating institutions provided substantial admin­
istrative support or are co-authors of some of the
 
research projects."
 



Given the above cooperative and collaborative frame­

work, by the netw.rk concept proposed the way becomes open to
 

integrate cooperating countries and international research
 

centers into the overall network. For example, the Director
 

of EMBRAPA outlined in Brasilia to the review team how the
 

Brazilian Government was prepared to support Brazilian assist­

ance to other Latin American countries, and that they were
 

prepared to utilize their soils research facilities and
 

personnel in a research-training program as we might jointly
 

work out. It should be added that a similar arrangement is
 

being considered with EMBRAPA involving soybeans.
 




