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Foreword 

Ihe initial grant from the Agency for Interna
tional Development for funding the Soil Management Collabora
tive Research Support Program was for the period September,
1981- September, 1986. An amendment extended the final date 
to December, 1986. This report is a summary of the goal,
organization, achievements, participating personnel and expen
ditures relevant to the program for this period. 

C. B. McCants, Director 
Management Entity 
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Summary
 

TopSoils, the working name used for the Soil 
Management Collaborative Research Support Program, was initi
ated in 1981. During its inaugural five-year period, TropSoils
has made recognized achievements that are consistent with the 
spirit and intent of the Title XII legislation under the U.S. foreign 
assistance program. 

The TropSoils leadership has been provided by the admini
strations and research faculty of Cornell University, the Univer
sity of Hawaii, North Carolina State University and Texas A&M 
University, and by the national agricultural research institutions 
in Brazil, Indonesia, Mali, Niger and Peru. The base funding was 
provided by the U.S. Agency for International Development, but 
major support was provided, also, by the universities and the 
collaborating national institutions. The framework of the pro
gram and initiatives undertaken has resulted in an extensive col
laborative effort involving 343 scientists and support personnel 
from 53 institutions in 30 countries. 

Because of their association with the research program, 80 
people from 26 countries have received advanced training and 
first-hand experience. This training will enable them to identify
soil-management problems, conduct research, and provide effec
tive leadership in developing countries. 

The evidence obtained by TropSoils scientists confirms that 
many of the basic principles established through work with soils 
in temperate regions apply also to those in the tropics. Results 
from soil management practices based on these principles pro
vide information to predict with reasonable accuracy the out
come of practices at other locations and under other conditions. 

This report presents 30 brief descriptions of major TropSoils 
achievements during the five-year period. Many of these illus
trate the ways in which established soil-management principles
and new information can be applied for the practical solution of 
on-farm problems in developing countries. 
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Grant Goal and Purpose 

Te goal of this grant is to develop and adopt 
improved soil-management technology that is agronomically, 
ecologically and economically sound for developing countries in 
the tropics. 

The purpose of this grant is to have the Grantee organize 
and mobilize the financial and human resources necessary for 
mounting a major multi-institutional US/LDC collaborative effort 
of research and training in soil management. 
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Organization 

Te basic organization of the Soil Man
agement Collaborative Research Support Program (SM-CRSP) is 
set forth in the grant document. The identification of the various 
components and their responsibilities follows: 

Management Entity 
The Management Entity is the recipient of the grant and has 

overall responsibility for program performance and fiscal man
agement. Funds were disbursed to the participating universities 
in accordance with guidelines in the grant. Adjustments were 
made as considered desirable to enhance the total effort. Admin
istrative support was provided to the lead universities in develop
ing agreements with collaborating countries, in expediting re
quests and procedures, and in program evaluation. Guidelines 
on detailed administrative actions were provided to the partici
pating universities via a manual, "Policies and Procedures for the 
Soil Management CRSP," which was developed from published 
AID policies and procedures. 

Charles B. McCarits,Director,TropSoils 

Mianagement Entity 
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Organization 

Mamadou Ouattarra of 
INRAN; member of Trop-
Soils' Board of Directors 

Lead Universities 
One university was assigned the lead role for each primary 

research site and, as such, had the major responsibility for con
ducting the program at that location. This procedure involved 
developing programs of mutual interest with the collaborating 
host country institution, assignment of personnel and providing 
operational oversight. "'le lead universities and the country 
location for each primary research site are: 

Cornell University- Brazil 
University of Iawaii- Indonesia 
North Carolina State University- Peru 
Texas A&M University- Niger 

Universities which, in addition to a primary site, also conducted 
research in other countries are: 

North Carolina State University- Indonesia and Brazil 
Texas A&M University- Mall 

lo-

Mohammed Sudjadi of the CenlerforSoil 

Research; member, TropSoils Board ofDirectors 

4 



Joln Coilterof the World Bank; member of 
TropSoils' ExternalEvalttationPanel 

Board of Directors 
The Board is composed of eight members, one representative 

from the administration of each lead instituLtion and one repre
sent alive from each collaborating country with a primary re
search site. Aln executive committee was formed consisting of the 
board members iroin the lead universit.es. The chair for the 
Board is elected by the full Board from members of the executive 
committee. The lHoard reviewed and took action on recommenda
tions Irom the Management Entity on policy issues affecting the 
overall program and find allocations to the lead universities. 
Differences between the Board and the Management Entity on 
critical issues were resolved before actions were taken. 

Technical Committee 
This committee is ccinposed of the four program coordina

tors (referred to as "principal investigators" in the grant docu
ment). They keep each other inforned on respective program de
velopments, discuss topics of mutual interest and promote ac
tivities of common consent. 

Exter al tL'ahation Panel (EEP) 
The External Evaluation Panel Is composed of three mem

bers, all of whom were on the Advisory Committee In planning 
the SM-CRSP. Reviews of individual programs and the overall 
CRSP were made ty the EEP in response to Management Entity 
requests. The decision to schedule a review was based on the 
stage of development of the program, concerns on progress or 
Iunding status and considerations on changes in research objec
tives. The reports of the EEP were submitted to the Management 
Entity for distribution. The recommendations were used In mak
ing decisions on revisions in programs and operations. 
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ProgramStructure
 

T e Planning Entity recommended and 
BIFAD and AID approved the plan that the Soil Management 
CRSP would be organiz( d around four agroecological zones: 
humid tropics, semiarid tropics, acid savannas and steeplands. 
Each zone is representalive of large areas within the developing 
countrics and has one or more primary research sites and a des
ignaled U.S. university or universities to provide the leadership. 
Secondary or extrapolation sites within the zones were estab
lished as technical information became available. In addition to 
serving a lead role in one zone, a university may also provide 
support in another zone. The geographic areas covered by the 
zones are shown below, and pertinent details are summarized in 
the sections that. follow. 

' 

Semi-Arid Tropics 

Acid Savannas 

~4j~ Humid Tr-opics 
JIf Steeplands 

Agroecologicalzones of the tropics 
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Women plantingcorn on steep slopes ilthe 
humid tropics of Pent 

Humid Tropics 
This zone is defined as the portion of the tropics with no 

more than three months' dry season. In the terminology of Soil 
Taxonomy, dominant soils are in the udic moisture regime and 
in the isohyperthermic or isothermic temperature regime. The 
native vegetation is tropical rain forest. Two primary research 
sites were established: 
• Yurimaguas. Peru with North Carolina State University 

(NCSU) as the lead institution in collaboration with INIPA. 
• Sitiung, West Sumatra, Indonesia with the University of Ha

waii as the lead and NCSU as the support university. The 
host country collaborator is AARD through its Center for 
Soils Research. 

In addition, NCSU has a secondary rese.rch site at Manaus, 
Brazil, in collaboration with EMBRAPA. 

:• <"' /. Semiarid Tropics 

The semiarid tropics are defined as the 
V, VAM portion of the tropics characterized by a 

" ~ protracted dry season of six to nine months 
duration. In Soil Taxonomy terminology, 
dominant soils are the drier end of the ustic 
soil moisture regime and are in the isohyper

, thermic temperature regime. The primary 
" research site is in Niger, with a base of 
" operations at Niamey. Texas A&M University 

povides leadership in collaboration with 
,:i INRAN. A secondary research site is located 

in Mali, in conjunction with IER. 

Farmer hoeing millet in the 
semiaridtropics ofNiger 
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Program Structure 

Acid Savannas 
This zone is ,ined as that portion of the tropics with a 

strong dry season of four to six months duration, savanna vege
tation and predominantly acid soils of the orders Oxisol and 
Ultisol. They are in the ustic moisture regime and the isohyper
thermlic or isothermic temperature regimes. The primary re
search sit is at Brasilia, Brazil. The lead institution is Cornell 
University and the collaborator is EMIBIAPA througlh its CPAC 
research center. A support role was provided by North Carolina 
State University. 

Stecplarnds 
The Steeplands are defined as the zone with steep, densely 

populated regions where soil erosion is a major concern d5oil 
properties, moisture and temperature regimes vary. Funding for 
research in this zone was not included in the initial grant or 
subsequciect amendments. Nevertheless, soil-management prac
tices relevant to this agroecological condition have been re
searched in the other activities and pertinent information has 
been obtained. 

"%q 

.
')~,.. . L.,.:-

An acid savannain the 
Cerradoof Brazil 
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Scope of Work
 

T e scope of work employed is essen
tially the same as set lbrth in the grant document. 

Humid Tropics- Peru 
The initial plan specified that the work would be conducted 

by North Carolina State University, Cornell University and the 
host institution. Formal approval was received from AID to shift 
the Cornell University effort from Peru to the acid savannas of 
Brazil. The focus of the program in Peru was not altered by this 
action and is summarized as follows: 

I. 	 Develop production systems that require lower 
inputs for annual crops, while maintaining ongoing 
systems. 

2. 	 Screen cultivars of currently grown or potentially 
useful crop plants for tolerance to aluminum, low 
phosphorus levels and efficiency of plant nutrient 
use. 

3. 	 Develop productive and persistent grass/legume 
pasture systems in cooperation with Centro Inter
national de Agricultura Tropical. 

4. 	 Utilize biological fixation to the maximum possible 
extent, with emphasis on legume/rhizobium conmbi
nations. 

5. 	 Develop alternative land clearing methods, monitor 
changes in soil physical properties and devise 
means Lo correct soil compaction problems. 

6. 	 Determine the potential of managed fallows. 
7. 	 Incorporate shrubs h-ees and other perennial crops 

into a limited number of annual crop systems.
8. 	 Validate systems of continuous farming technology

with farmers in the area, selecting farms which rep
resent the broadest possible range of typical soils. 
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Scope of Work 

9. 	 Characterize soils of all experimental sites, on the 
experiment station and on cooperating farms, 
according to U.S. Soil Taxonomy and the Fertilit/ 
Capability Classification System. 

10. 	 Determine the application, utilization, depletion 
and accumulation of plant nutrients to anticipate 
problems and minimize input cost, and to obtain a 
true measure of the value as well as the cost of' 
supplying fertilizer, lime, manure or compost. 

11. 	 Disseminate information about the results of the 
studies to research and extension organizations 
throughout the humid tropics. 

Humid Tropics- Indonesia 
The 	University of Hawaii, the lead institution, and Nortn 

Carolina State University. the support institution, in collabora
tion with the Soil Research Institute, Bogor Agricultural Univer
sity 	and the Central Research Institute for Agriculture, were to 
undertake field work in Sumatra, Indonesia directed to the 
following objectives: 

1. 	 Characterize the soil of the experimental sites. 
2. 	 Test the mest promising methods of land clearing 

and select one or nior, appropriate for existing con
ditions. 

3. 	 Monitor the effects of clearing methods on soil 
physical properties and identify or devise means for 
correcting undesirable effects. 

4, 	 Determine the amounts of fertilizer and lime needed 
periodically to produce satisfactory crops and to 
sustain yields at levels profitable for the farmers. 
This research should include monitoring the nutri
ent status of farmers' fields, input costs, and the 
returns from sales plus value of household food 
consumption. 

10
 



5. 	 Evaluate the potential of grass/legume pasture 
mixtures in the farming sVsiam. 

6. 	 Apply and assess the efficacy of soil-conse-vation 
measures to typical areas. 

7. 	 Find management systems that minimize energy
needs to the extent possible given local limitations 
on land, manpower and markets. 

8. 	 Assess the likes, dislikes, needs and resources of 
farmers of the area to guide research in lines likely 
to be beneficial. 

9. 	 Disseminate the results of the research to other 
areas in the humid tropics. 

Semiarid Tropics
The grant specified that the field program would be under

taken in Niger and Upper Volta. Tie primary site was estab
lished in Niger and discussions were held with host country and 
USAID personnel in Upper Volta to determine the feasibility of a 
secondary site in that country. Due to exten,-ve commitments to 
existing projects by potential collaborators in Upper Volta, and 
thus little available time to participate in a SM-CRSP, the govern
ment and mission personnel suggested that we maintain com
munications with them and share relevant information but not to 
cstablish a site in the country. Contacts were then made with
governmental and USAID officials in Mali and a mutually agree
:iiAe program developed for a secondary research site in that 
country. The scope of work employed in Niger and Mali are in 
agreement with the one given in the grant document: 

1. Characterize the soil at experimental and coopera
tive sites according to U.S. Soil Taxonomy and the 
Fertilizer/Capability Ciassification system.

2. 	 Devise and test methods to prevent or diminish soil 
crusting. 

11 



Scope of Work 

3. 	 Test and select the most practical means of soil ero
sion control, measuring losses to water and wind to 
the extent possible. 

4. 	 Develop low-input soil-management systems to 
maximize the use of soil moisture. 

5. 	 Evaluate crops and rhizobia for tolerance to high 
temperatures, drought, low phosphorus and acid
ity/soluble aluminum or manganese. 

6. 	 Determine how to monitor and adjust plant nutri
ent balances to sustain yields on a profitable basis. 

7. 	 Investigate alternatives to the system of shifting 
cultivation commonly practiced in the semiarid 
tropics. 

8. 	 Conduct cooperative trials with farmers to obtain 

an assessment of current and modified technology 
under normal management capability. 

9. 	 Disseminate results of research to other areas in 
the semiarid tropics. 

Acid Savannas 
On October 28-29, 1981, the Technical Committee recom

mended and the Board of Directors approved a recommendation 
that "...the primary emphasis of the Cornell component of the 
Soil Management CRSP be shifted from the humid tropics, as 
specified in the grant document, to the acid savannas, with 
operational headquarters at the CPAC ceiler, Brasilia, Brazil..." 
This recommendation w ,s transmitted to the AID Program Man
ager on November 2 with a request that the grant be amended to 
encompass this action. Amendment No. 3, dated July 12, 1982 
and signed by the AD Grant Officer, formally approved this 
change. The amendment recognizes Cornell University as the 
lead institution for the program in the acid savannas, with a 
support role by North Carolina State University, and the follow
ing scope of work: 

12 



1. 	 Characterize the soil of the experimental sites. 
2. 	 Seek ways to reduce the cost of lime and fertilizer 

on the acid. infertile soils. 
3. 	 Develop practices to maintain an adequate balance 

of Ca, K and Mg in soils of the region. 
4. 	 Estimate the economic returns from lime and fer:il,

izer use under present circumstances and a range 
of possible cost/price/yield response scenarios. 

5. 	 Explore ways to increase the rooting depth of field 
crops and pastures. 

6. 	 Identify crops that may tolerate adverse soil condi
tions or extract essential plant nutrients more 
efficiently, reducing the amount of fertilizer and 
lime needed to produce a satisfactory crop. 
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Chronology of MajorEvents 

Planning, Initiation and Extension of the SM-CRSP 

May, 1979 Grant awarded to North Carolina State Uni
versity, the planning entity, to develop a de

tailed plan for an international soil-manage
ment research program. 

October, 1980 Final proposed plan submitted by the plan
ning entity to AID and JRC. 

September, 1981 AID approved establishing and funding the 
SM-CRSP and issued a grant to NCSU, the 
Management Entity. 

January, 1982 Management Entity issued subgrants to par
ticipating universities. 

March, 1985 Management Entity submitted formal request 
to AID lor three-year extension of the pro
gram. 

May, 1985 JCARD approved request for extension. 

September, 1986 AID issued a new grant to support the three
year extension of the program. 

Humid Tropics-Peru 

October, 1981 	 North Carolina State University advised that 
AID had funded the SM-CRSP. 

January,1982 	 Subgrant issued by the Management Entity 
to NCSU. 

Since NCSU had cm ongoing soil-management researchprogramin 
the humid tropics of Peruand Brazil, noformal negotiationswith 
the host countries were necessary.The programsin place were 
continued in partor expanded and new ones initiated in accor
dance with the plan of work. 
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Humid Tropics-Indonesia 

October, 1981 

January, 1982 

March, 1982 

June, 1983 

June, 1983 

The University of Hawaii advised that AID
 
had funded the SM-CRISP.
 

Subgrant issued by Management Entity to UH.
 

UH and Management Entity submitted pro
posed Memorandum of Understanding to
 
AARD.
 

Indonesia approves Memorandum of Under
standing.
 

Senior scientists from UH and NCSU posted
 
in-country and on-site work initiated.
 

Semiarid Tropics-Niger and Mali 

October, 1&,31 

January, 1982 

March, 1982 

June, 1983 

July, 1983 

June, 1983 

March, 1984 

July, 1984 

Texas A&M University advised that AID had 
funded the SM-CRSP. 

Subgrant issued by Management Eni ity to 
TAMU. 

TAMU and Management Entity submitted 
proposed Memorandum of Understanding to 
INRAN (Niger). 

Niger approves Memorandum of Understanding.
 

Senior scientist posted in country and on
site research initiated.
 

TAMU, Management Entity/SM-CRSP and
 
Management Entity/INTSORMIL submitted
 
Memorandum of Understanding to IER
 
(Mali).
 

Mali approves Memorandum of Understanding.
 

Program in Mali initiated.
 

15 



Chronology ofMajor Events
 

Acid Savannas 

October, 1981 Cornell University advised that AID had 
funded SM-CRSP. 

November, 1981 Management Entity requested AID to amend 
grart to include acid savannas component 
with CU as lead university. 

Jcuiuarj, 1982 Subgrant issued by Management Entity to 
Cornell University. 

July, 1982 AID approved request to amend grant. 

Jul, 1982 Proposed Memorandum of Understanding 
submitted to EMBRAPA. 

July, 1983 Memorandum of Understanding approved by 
Brazil. 

July, 1983 Senior scientist posted in Brazil and on-site 
work initiated. 
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TechnicalAchievements - Introduction
 

Guarana 

TI e first step toward conserving natural 
resources in developing countries is a stable agriculture and ef
fective soil management. The proper management of one acre of 
permanent cropland in the humid tropics can prevent the need 
for clearing about five acres of tropical rainforest. per year. The 
same principle applies to savannas arid steeplands, or the dry 
lands of Africa's Sahel. 

TropSoils develops soil-management technologies that will 
help farmers grow more food, while conserving natural re
sources. For example. TropSoils studies have begun assessing 
the soil-fertility requirements of guarana, an important cash crop 
on small farms in the Amazon. Guarana, whose seed is used in a 
popular soft drink, is native to tropical forests and adapted to 
acid soils. As a permanent crop, it can help prevent erosion and 
stabilize agricultural production. 

The work with guarana is one example of'IropSoils' empha
sis on the long-term sustainability of tropical agriculture. All of 
the examples that follow illustrate this approach, and are repre
sentative of TropSoils' achievements over the last five years. 
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Study Lncovers subsoil compaction in monocropped Oxtsols 

Research into the long-term effects of 
continuous cultivation has uncovered evidence of serious com
paction in Oxisols, t-i dominant soils of acid savannas in Africa 
and South America. Oxisols are generally well-suited for mecha
nized lillage because of their excellent physical structure. It was 
previously thought that. acidity and infertility would be the only 
significanl soil-based constraints to crop production in these 
soils. 

Hut after several years of continuous crop production at the 
research site, scicltists have reported unexpected decreases in 
crop yiclds. The results of an intensive investigation sugg4est that 
long-terin monocroppiiig with mechanized tillage compacts the 
subsoil and restricts coot development, even when water and 
nutrients arc ample. Iitiopical Oxisols, there is no natural cycle 
of !reeze-tlhaw or shrink-swell to help regenerate soil structure. 

The compaction does not appear to be permanent, however. 
Studies indicate that proper tillage and crop management will 
correct the problem. Several such techniques are being investi
gated under a range of conditions. Cornell University. 

~V
 

EricStoner at research site near Brasilia 
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Gypsum improves subsoilchemicalproperties 

By studying the effect of gypsum 
amendments on acid-savanna soils, scientists have revealed 
some of the mechanisms that govern availability of plant nutri
ents in the subsoil. The studies show that calcium and sulfate 
retention are dependent on the eciuilibriuim concentration of 
these ions in solution. While calcium retention was almost line
arly dependent on its concentration, sulfate tended to approach 
a maximumii adsorption which was not reached within the experi
mental range studied. 

Calcium was adsorbed as an exchangeable cation without 
affecting the pH1 of the soil or the total surface positive charge. 
Sulfate was adsorbed by a ligand exchange mechanism that 
caused displacement of hydroxyls from the surface, raising the 
pH of the soil solution. At. the same time, sulfate caused an 
increase in the total negative charge. 

Data from this study provide support lor the specific adsorp
tion mechanism by which sulfate is adsorbed in these soils. This 
mechanism affects the balance of charge in the soil and can be 
used as a way to reduce cation leaching. Application of f)rpsum 
increased the retention of both calcium and sulfatc, as well as 
the total calion exchange capacity. This can have some practical 
use because of the importance of these nutrients. 

While lime and gypsum both help offset soil acidity and 
supply calcium to plants. gypsum reaches the subsoil in greater 
amounts, and therefore does a better job of promoting deep 
roots. Cornell Uriversity. 
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Color can indicatesoil's crop-productionpotential 

R esults from the Cerrado of Brazil indi
cate that the crop-production potential of two common soil 
types- red-yellow and dark-red- may vary with seasonal shifts in 
the water table. Because water-table level affects plant growth, 
drought tolerance and tillage practices, an ability to predict 
drainage characteristics from soil color patterns would be impor
tant. 

For example, precipitation data show a two- to three-week 
dry period in February, which is typical of the regional climate. 
Scientists have observed that, in soils on the Cerrado's high 
plateaus, water tables are typically higher in the red-yellow than 
in the dark-red soils. Crops vulnerable to water stress at this 
stage of the growing season might benefit. from moisture available 
in a red-yellow soil whose water table was within two meters of 
the sur.face. Further data analysis is expected to produce recom
mendlations for diagnostic criteria to be used in classifying these 
soils. Cornell University. 
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Legumes may reduce needforfertilizernitrogen 

While legume green manures can sup
ply all or most of the nitrogen needed by a succeeding food crop, 
adapting them for use on the farm requires careful screening and 
management. II is especially important to select legumes whose 
nitrogen-fixing potential and mineralization rates fit the require
ments of the crop. 

Field experiments in the acid savannas have found that 
legumes can fix from 60 to 170 kg of nitrogen per hectare. Nitro
gen mineralized from mucuna, one of the legumes evaluated, 
was sufficient to produce nearly seven tons of corn grain per 
hectare. This mineralization was very rapid for about 40 days, 
then slower for the following 60 days. Among legumes, quantities 
of nitrogen supplied to t he corn crop (expressed in fertilizer
nitrogen replacement values to the succeeding corn crop) ranged 
from 87 to 192 kg per hectare. Also, there were striking similari
ties between legume nitrogen and fertilizer nitrogen, both in the 
recovery of mineralized nitrogen by the plants and the rate of 
nitrogen loss from the rooting zone. Cornell University. 

.g 

Walter Bowen with nucuna, a 
legwne green manure 
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Incubationprocedurespredictnitrogen availability 

Sientists working with soils from the 
acid savannas have found a way to screen various legumes for 
their potential as green manures by measuring nitrogen in incu
bated soil samples. While the met hod is not intended as a gen
eral soil test for available nitrogen, ii can quickly evaluate gross
differences in the amount of nitrogen provided by legumes incor
porated in the soil. This is important because the expense of 
screening legumes for various soils, crops and climates has 
constrained the dcevelopment of legume green manures as 
sources of nitrogen l'r food crops.

The studies have revealed several fa-ctors influencing the ac
curacy of predictions from the incubation procedure. Correla
tions between nitrogsen mineralized and nitrogen uptake (or yield 
of corn) were best when the soil samples were prepared for incu
bation immediately after being taken from the field. Extended 
storage of soil samples before incubation substantially reduced 
the correlation. Also, vigorous disturbance of the soil caused a 
significant increase in nitrogen mineralization. However, if there 
was some degree of soil aggregation, soil disturbance had little 
effect on nitrogen mineralization. Cornell University. 

22
 



Soil variabilitya majorfactor in land use 

Using new geostatistical techniques, 
TropSoils scientists are finding ways to understand a serious 
problem on farms and research sites around the world: soil 
variability. Results from the transmigration area of West Suma
tra, Indonesia have shown that soil properties often vary dra
matically, over distances as great as several kilometers or as 
small as a few meters. This variability leads to uneven crop 
production and a patchwork pattern in fields, a problem for 
farmers, scientists and land-use planners alike. 

The geo'tatistical tools developed to deal with variability 
provide a useful method for measuring and quantifying variabil
ity, not only on We. t Sumal-a but throughout the tropics. The 
approach will also contribute to the next generation of expert 
systems and geographical information bases designed to help the 
user manage crops and soils. University of Hawaii. 
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Family welfare central in resowuce allocation
 

Studies with transmigrant farmers indi
cate that advanced crop-production technologies are not likely to 
succeed unless they accommodate an important factor in the 
allocation of resources- family welfare. On transmigrant farms, 
sustaining life is more important than making a profit, and the 
farmer with limited resources wili take very few risks when 
survival is at stake. 

Social scientists in West Sumatra, Indonesia surveyed trans
migrant farmers in order to learn how families appiy their re
sources to food production and what factors might influence 
them to accept new technology. The studies found that many 
farmers continue to use only small amounts of fertilizer and 
pesticides, even though most aclniowledge that using more 
would boost their crop production. In the hierarchy of spending, 
fertilizer ranked third after food and seed. Apparently, other 
needs and goals were more important to the family. 

The studies have concluded that an approach that recom
mends increasing yields by boosting fertil
izer use alone will not likely be readily 
adopted by these farme.-s. Technologies 
more likely to be adopted would be those 
that increased productivity without in
creasing costs significantly, such as im

proving the efficiency of fertilizers. Other 
technologies might succeed if benefits were 
so great that families were willing to redi
rect resources now devoted to other 
activities. University qf Hawaii. 

TropSoils' social studies have underscoredihe 
importantrole of women in decision-makingon 
farms in the transmigrationareasof Indonesia. 
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Ethnic dfferences affect design offarming systems
 

Social scientists studying transmigrant 
farmers in Indonesia have used cognitive "maps" to discove
differences in how indigenous Minang and Javanese transmi
grant farmers view 21 important concepts, including soil, rice, 
water, vegetables and fertilizer. 

The relative distance between such concepts can suggest 
how settlers vary in their approach to work. For instance, one 
group viewed a close assoctation of men to vegetables, while 
another viewed vegetables as a women's crop. The Javanese 
perceive a significantly closer relatonship between soil and 
water than do the Minang. This s.iggests that. collaborative 
experiments on soil and water might best be undertaken with the 
transmigrants than the indigenous people. 

The proximity of rice and rubber to the Minang, relative to 
other crops, suggests that these two crops would be good for 
agricultural experimentation among that group. In contrast, the 
distance of rubber from the Javanese, relative to other crops, 
suggests that rubber might not be a good crop to use In collabo
rative work with them. 

With respect to fertilizers, the transmigrants' had signifi
cantly different views than the indigenous population. The neces
sity for the transmigrants to gain a livelihood from very small 
land-holdings on overcrowded Java made fertilizer use inpo:
tant. Cso, transmigrants have had more exposure to agricultural 
extension efforts on fertilizer usage than the indigenous people. 

The researchers point out that such patterns in Ihe cognitive 
maps are closely ccrrelated with patterns In farming. And, by 
using the results of such studies, scientists and extension work
ers can more effectively match farming systems and new agricul
tural technology to the people who use them. University of 
Hawaii. 
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Organicmatter importantinfarming systems 

A marked response of some crops to 
mulch and green manure suggests that, properly managed, 
organic matter may temporarily reduce the need for lime and 
fertilizers. In several experiments, TropSoils scientists have 
quantified the infiuence of greei manures on crop yields, evalu
ated tree and herbaccous lcgumes for use on transmigrant 
farms, and incorporated information from transmigrants into the 
selection and design of green-manuring sysi ems. 

Two leguminous tree species, Albiziafalcatariaand Callian
dra calothtyrsus, show potential for use in alley cropping in the 
acid, infertile soils and the warm, humid climate of the research 
site in Indonesia. Upland rice did not respond significantly to 
organic-matter additions, but cowpea crop yields were increased 
by additiop of Albizia prunings. 

These results indicate that alley cropping provides only a 
marginal benefit to farmers during the first year. However, as the 
tree pruning and cropping sequence continues, some improve
ment in soil fertility and crop yields may occur. Also, the hedges 
of trees can provide other benefits, including animal forage, fuel 
and erosion control. 

Of the technologies tested, alley cropping with Albizia seems 
to hold the most promise, and should be tested on the farm. If 
such methods for managing organic matter prove practical, 
farmers with limited resources may be able to improve yields 
without increasing their outlay for lime. University of Hawaii. 
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Mycorrhizaeenhancegrowth ofpasturelegumes 

TopSoils s-ientist.-, have found that 
inoculations of VA mycorrhizal fungi boost the growth of legume
forage plants in acid soils. The scientists examined the effects of 
liming, phosphorus fer'tilization and VA mycorrhizae on plant
growth in a soil with a toxic level of ahminum, and found that 
mycorrhizal inoculation improved growth responses of two spe
cies of Desmodiumn, demonstrating that both are highly mycorrhi
zal dependent. 

Mycorrhizal associations apparently helped alleviate phos..
phorus deficiency, which is especially significant because the 
Desmodium species tested are typically grown on phosphorus
fixing soils. The results also show, however, that plant tolerance 
to toxic elements in acidic soils may not be improved by coloni
zation with Inycorrhizae. 

These results further illustrate the fact that establishing
plants in acid tropical soils is difficult unless mycorrhizal plants, 
fertilization and liming are matched to the specific acid soil 
infertility complex. University of Hawaii. 
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Simulation models preaictcrop'sperformance 

TopSoils scientists are developing nu
merical models that can help guide the management of crops on 
acid soils in the humid tropics. Properly formulated, such mod
els can predict a crop's performance across broad geographic 
and climatic regions, accelerating the progress of agricultural 
research and development. 

The researchers have identifi d the nnimum soil, crop and 
weather data needed, and have used this data set to test and 
adapt existing models. After careful calibration, the models have 
been used to predict the performance of rice an,- maize cultivars, 
and to test and screen varieties. TIhe models will also be applied 
to soybean and peanut. 

Results show that models can simulate and predict dates of 
plant emergence, panicle initiation and physiological maturity. 
They are .- nsitive to day length, and can be applied to any 
location where maximum and minimum air temperature and 
solar radiation data are available. 

These models have several practical applications. For in
stance, results from simulated and actual maize crops in West 
Sumatra confirm that subsoil acidity rather than low rainfall is 
the major constraint to corn production during the dry season. 
Also, the models can accurately predict rates of rice development 
in regions where the rates vary with altitude and climate, reduc
ing the need for trial-and error field experiments. University of 
Hawaii. 
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T;xpert systems help spreadknowledge of soils 

TJropSoils is using advanced computer 
programs called expert systems to capture not only the factual 
knowledge of experts hut some of their problem-solving skill as 
well. A prototype expert system designed for use in lirming acid 
soils is being tested and will soon be distributed to some 100 
sites in the tropics. 

Using an expert system running on a microcomputer, people
with limited training can access knowledge and insight gained
from decades of experience. TropSoils researchers evaluate a 
wide range of information for use in their expert systems, includ
ing facts and rules of thumb acquired from farmers. 

Expert systems are especially useful for solving the highly
complex and varied problems found in soil management, which 
must take into account soils, plants, climates and human behav
ior. While most soil-management recommendations must be site
specific, conditions in one region are often analogous to those in 
another. 13y applying such analogues, expert systems speed the 
transfer of technology from region to region. Universityof Hawaii. 
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Alley-cropping may reduce needfor lime 

rper management of organic material 
may reduce the need for lime and fertilizers on small farms In 
the humid tropics. Two leguminous tree species, Albiziafal
catariaand Call-andracalothyirsus,show potential for use in 
alley-cropping on acid soils and under warm, humid conditions 
at the rese. rch ofte in Indoi sia. Of the procedures tested, alley
cropping with Albizia seems to hold the most promise for reduc
ing lime requirements, and is ready for testing by farmers. 

Alley-cropping helped some crops more than others. 
Cowpea yields increased with the addition of Albizia prunings, 
but upland rice yields did not respond significantly. 

Results indicate that alley-cropping provides a slight benefit 
to farmers during the first year. As the tree-pruning and crop
ping sequence continues, some improvement in soil fertility and 
crop yields may occur. The hedges also provide forage. fuelwood 
and erosion control. University of Hawaii.. 
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'Low-input'- afirststep to permanentcropping 

TopSoils scientists have developed a 

low-input cropping system that could help farmers progress from 
shifting cultivation Io permanent agriculture on acid soils in the 
humid tropics. 

Shifting cultivation has been blamed for muc-I of the de
struction of tropical forests. Scientists estimate that properly
managing a single acre of permanent cropland prevents the need 
for clearing five acres of rainforest per year. 

The low-input cropping system includes a kudzu fallow, a 
rotation of acid-tolerant rice and cowpea cultivars, crop-residue 
return, chemical control of weeds and pests, and the use of' small 
amounts of fertilizers. 

While low-vnput cropping is considered transitory, an experi
mental low-input system at Yurimaguas, Peru has remained pro
ductive much longer than expected. Seven continuous crops in 
three years have yielded a total of 13.8 tons per hectare of rice 
and cowpea grain. Purchased chemical inputs account for only
8% of total production costs. Removing only the grains produces 
very high nutrient recycling values of main element-, except for 
phosphorus. North CarolinaState University. 
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Continuous croppingsustainssoil resources 

Log-term experiments have shown that 
continuous cultivation of ibod crops can succeed in acid soils of 
the humid tropics. Results also suggest that well-managed con
tinuous cropping will tend to sustain, not deplete, the world's 
soil resources, because the system's high productivity makes 
commercial farming feasible and decreases the pressure to clear 
new lands. 

Altoether, 36 crops of corn, rice, soybeans or peanuts have 
been harvested during 15 years in a long-term experiment at 
Yurimaguas. Peru. In Manaus, Brazil, 13 crops of a corn-soy-. 
bean rotation have been harvested during six years. Yields are 
high and reasonably stable. Soil properties have improved with 
continuous cultivation, as calcium and magnesium have moved 
into the subsoil, reducing acidity. 

Because the system's stability depends on high-value crops 
and the judicious use of lime and fertilizers, it is only applicable 
to areas where there are adequate markets, roads and sources of 
credit. North CarolinaState University. 

r'A 

Jos6 Benites with soil samplesfrom 

long-term studies at Yurimaquas Peru. 
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Improvedfallows restorefield productivity 

Selected high-blomass, nitrogen-fixing 
plants can restore productivity to abandoned fields more rapidly
than can unmanaged forest fallows, according to the results of 
TropSoils research in the humid tropics. The findings are impor
tant because unmanaged fallows restore productiity very slowly,
and much of the land available to shifting cultivators lies idle 
each year. In addition, the pressure for cropland has forced 
farmers in some areas to cut fallows short, with a subsequent 
loss in food-crop production. 

While the studies are still under way, several conclusions 
can be drawn about the use of improved fallows: 

* Soil physical properties improve with time under fallows. 
" Levels of available nutrients in the topsoil decrease with 

time, probably because they are taken up and stored in 
the biomass. 

" After 16 months of growth, total biomass accumulation is 
highest in the bush or tree fallows and lowest in the 
spreading types. 

* An almost complete ground cover was established within 
four to eight months. 

" Weed control in all planted fallows is better than the 
natural forest fallow. Control is quickest and most effec
tive with the spreading 'allow types. North CarolinaState 
University. 
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Technology boosts paddy riceproduction 

Tchnology for sustained irrigated rice 
production in fertile alluvial soils of the Amazon has been vali
dated and is now being transferred to producers through exten
sion programs. Several general principles of Amazon flooded-rice 
production have been established, including: 

* 	T\vo crop,-, a year with recommended short-statured varie
ties can produce annual yields of 12 to 15 ton/ha. 

* Fertiization requirements are minimal. 
* .and can be cleared by slash and burn or by bulldozing, 

since soil compaction from bulldozing does not seriously 
affect paddy rice. 

* 	Supplemental irrigation every two weeks increases yields 
by about 50% above crops dependent on rainfall. 

* 	Transplanting a(ibrds higher yields than broadcasting for 
the first two crops; after this, the paddies are sufficiently 
level for seeding. 

Considering that one hectare of acid soils must be cleared 
every year to produce one ton of upland rice, eve-y hectare under 
irrigated rice production could eliminate the need for clearing 12 
to 	15 hectares of tropical forest annually. North CarolinaState 
University. 
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Legume-basedpasturesimprove pr-oductivity !l ' ::' ) : '' " 

L ong-term -dtudies indicate that several 
types of improved, legume-based pastures could help sustain 
beef and milk production while conserving soil resources in the 
humid tropics of Latin America. When they are properly man
aged, legume-tased pastures protect the soil, require relatively 
few cash1 inputs, make good use of soils unsuitable for food 
crops, arid produce milk and meat with grazing animals, which 
recycle Most ofl le Itrieuts they consume. 

Poorly maagced pastures are an economic and ecologicalliabilily. Use of pasturc spcis badly adapted to tropical soils 

and environments leads to poor animal nutrition and low pro
dctivity. Several million hectares of rainorest have been cleared 
f0r pastures, onlv to be abaldoned as the pastures becomc 
cdegraded ) oergrazii , soil compaction and erosion. 

TropSoils researci indicates that high animal production 
can be susltiid, witli low inputs, using three widely differing 
pastures ini acid upland soils. These pastures are a mixture of 
two stoloniilerois grass and legum.e species (Brachia-ahumidi
cola/Desmocliuom ovclifolium), or a mixture of two erect grass and 
legume species (A;(Idropogorigcauits/Stillosanthesguiaineisis), 
or one pure legume pastunre of Ceuz trosema pubescens.

After ftour to six years of continuous grazing. soil physical
properties remained good and chemical properties improved, 
because more than 80% o! the nutrients applied as fertilizer was 
recycled to thc soil. Studies sutggest 1hat the nitrogen contribu
tion ol legumes to the associated grass under grazing in highly 
acid soil is equal to 150 kg of urea nitrogen. North CarolinaState 
Un iversity. 
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Degradedsteepiandscan be reclaimed 

N ew techniques may help reclaim sev
eral million hectares of degraded, unproductive pasture in the 
Amnazon. By managing tillage and species selection, scientists are 
finding ways to increase ground cover arid reduce erosion in 
areas of steep slopes and high rainlall. 

Of the species studied, grasses are readily established with
out tillage, while legumes require at least minimum tillage. The 
stoloniferous grass species rapidly cover new areas and compete 
strongly with species already present. 

Centrosernagrows faster and is more aggressive than 
Desmodium ovalfolim.. After six months of grazing, the percent
age of grasses increased, while the percentage of i gumes de
c.'eased. 

Ii abandoned crop fields with sparse ground cover and 
extensive erosion, a simple reclamation procedure was devel
oped: remaining ,getation was slashed and burned, 22 kg of 
phosphorus per hectare was broadcast, and seeds of Desmodium 
ovalifoliurnor D. heterophyllum were broadcast. Within three to 
six months, when a complete ground cover is established, farm
ers can choose to plant acid-tolerant tree species such as coffee 
or achiole. This practice is successful on slopes of 30 percent or 
greater. North CarolinaState University. 
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Lands compacted by bulldozers can be improved 

Much farm land in the humid tropics 
has been mechanically cleared of forest in ways that remove 
topsoil, compact the subsoil, and promote erosion. Frequently
such fields are soon abandoned because crops fail. TropSoils in
vestigations conducted in the Sitiung transmigration settlements 
of West Sumatra, Indonesia, have resulted in methods for re
claiming degraded soils for continuous cultivation. 

The practices studied were tillage and the application of lime 
and fertilizer. Tillage proved effective only when accompanied by
chemical inputs. As the rate of chemical iriput increased, so did 
yields, although rice did not respond to high fertility as strongly 
as did soybean. 

Green manure contributed substantially to increasing yields
of all crops. Mulching was effective primarily during periods of 
moderate drought. Deep tillage and strip forking was somewhat 
beneficial for soybean but did not Increase rice yields. In con
trast, rototilling was good for rice but only slightly improved 
soybean yield. North CarolinaState University. 

I
 

Land clearedby bulldozers in the transmigration 

settlements of Indonesia. 
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Is alley-croppingsuitablefor acidsoils?
 

In areas with increasing demographic 
pressure, traditional forms of shifting cultivation 1i ust be sup
planted by production systems that yield more food on the avail
able land. TropSoils scientists are trying to determine the poten
tial of alley-cropping on the acid soils of Latin America and 
Southeast Asia. Previous research indicates that alley-cropping, 
the combination of rows of leguminous trees with annual crops 
grown between them, has been relatively successful on the more 
fertile soils of West Africa. 

Prunings from the trees form a mulch that may aid in weed 
control and provide nitrogen and other nutrients, cycled from 
deep in the soil, to the crops. The use of such organic additions 
may prolong the productivity of the acid, infertile soils found in 
much of the humid tropics. 

A study was conducted to assess the suitability of various 
leguminous trees or shrubs in an alley-cropping system, to study 
changes in soil chemical properties and how they are affected by 
the amnount of prunings added, and to measure the effects of 
pruning additions on crop yields and yield stability. 

Of the six original leguminous trees or shrubs assayed, four 
have been eliminated due to poor survival or to unsuitability. 
Two of them, Inga edulis and Erthrina,appear to have good 
survival and coppicing ability, and biomass production is high.
The effects on crop yields and sustainability have been mixed. 

The real test for alley-cropping on acid 
soils will be if there are enough nutrients 
in the subsoil to recycle for sustained 
production. North CarolinaState Univer
sity. 

Larry Szott ofN.C. State University, 
examining the site of an alley-cropping ex
perinentat Yurimaguas, Peru. 
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Countries use system of classifying soilsfor management 

A system of classifying soils based on 
factors that directly affect their crop-pioduction potential is re
ceiving world-wide attention and extensive application. To date,
34 countries and eight international organizations are using the 
Fertility Capability Classification (FCC) in agricultural research 
and development. 

The FCC system focuses on the upper portion of the soil 
where plant root activity is greates' and management practices 
are most influential. Attention is given to those physical and 
chemical factors within this zone which have a primary influence 
on responsiveness to management and consequently on plant 
growth. 

Interpretation of FCC for wetland soils for rice production 
was successfully validated in the Philippines. .pplications for 
conventional cropping systems, low-input systems and agro
forestry are being slhdied. An expert system is being developed
and drafts are available in English, Spanish, Portuguese, French 
and Indonesian. 

The Food and Agriculture Organization has applied FCC to 
its soil classification for Africa, which provides an inventory of 
soils ch,_racte 'zed by their productive potential. IBSRAM 
through its various networks is developing a crop-specific classi
fication system based on soil characteristics defined In the FCC. 
North CarolinaState University. 
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Network links projects in LatinAmerica 

Scientists in eight Latin American coun
tries have joined a collaborative research network whose goal is 
to improve the management of tropical soils. The network, called 
RISTROP (Red de Investigacionde Suelos Tropicales), is spread
ing new soil-man_ .ement technologies beyond the primary 
TropSoils site in Yurimaguas, Peru. 

Experiments planned during a 1986 workshop in Yurima
guas will provide useful feedback to the network and to 'lop-
Soils. Each participant in the network is supported by the host 
country institutions. TropSoils provides assistance for coordina
tion, for the selection and characterization of research sites, for 
analysis and interpretation of data, and for the exchange of 
inlormation among collaborators. 

Support for the network has centered on technical visits by 
TropSoils personnel to participating institutions during implem
entation of field experiments. In addition to assisting in adjust
ing methodologies to local conditions, these visits have provided 
TropSoils an opportunity to become familiar with the research 
programs of the national institutions. North CarolinaState Uni
versity. 
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New methods can restoreproductivity to acid soils 

Nw procedures may overcome soil 
fertility constraints in a Iransmigration area of West Sumatra. In 
this region large-scale bulldozer clearing of a primary tropical 
rainforest has adversely affected soil productivity. 

While the soils have favorable granular structure, they are 
quite acid, have toxic levels of aluminum, and have low levels of 
essential nutrients. A strategy based on previous humid tropical 
experience was devised to make sustained production of basic 
food crops in this area technically possible. 

Results indicate that reclamation of soils damaged by me
chanical land clearing is feasible. Applying lime and fertilizers is 
essential to reclaiming unproductive land and maintaining soil 
productivity. Recommendations can be made according to soil 
tests for specific crop rotations. The use of organic matter, par
ticularly crop rcsidues and green manures, can help decrease 
lime, fertilizer and weed-control requirements. North Carolina 
State University; University of Hawaii.. 

41
 



Workshop stimulates technology transfer 

PropSoils research has begun to yield 
results ready for use in developing nations. To help disseminate 
this information, TropSoils conducted a 21-day workshop on 
tropical soils management at its primary research site in Yurima
guas, Peru. 

The purpose of the program was to acquaint working Latin 
Americap. scientists with the most recent concepts in tropical soil 
management, to identifyr common interests, and to establish a 
soil research network. The 31 participants represented 23 poten
tial research sites within 15 national institutions in ten different 
countries. 

The workshop fostered a greater awareness of the on-going 
research by TropSoils, and plans for collaborative research with 
TropSoils by the participating countries were developed. Scien
tists from the ten representative countries shared their knowl
edge and understanding of the state-of-the-art in soil manage
ment. A network was formed among participants in Latin Amer
ica to address common probl. ms and to share information and 
experiences. North CarolinaState Universitj. 
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Model accurately calculates water lossfrom cropped soils 

A model has been developed [br calcu
lating soil evaporation and crop transpiration separately for a 
row crop with an incomplete canopy cover. In semiarid climates, 
such as those in West Africa, a large portion of the soil surface,
mostly between rows of crops, is uncovered. Both the soil surface 
and the crop canopy are involved in water loss fr'om the soil. 

A study was undertaken to mechanistically simulate water 
loss for a row crop with an incomplete canopy cover from stan
dard weather data, and soil and crop properties. A proposed
model was tested by comparing measured and predicted values 
of soil evaporation and crop evapotranspiral ion. 

This model should be a useful tool in analyzing various 
irrigation and crop management systems in water-limited areas. 
It also will aid in the design and analysis of field experiments on 
water-use efficiency. Texas A&M University. 

I< / 

The hot, dry winids of sub-SaharanAfrica
 
quickly rob moisture from crops and soils.
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Studies seek ways to make the most ofscarce rainfall 

TopSoils research has gathered inlorma
tion that may help farmers in Sahelian Africa reduce the risk of 
crop failure due to drought. Because rainfall in the Sahel is 
scarce and irregular, farmers must try and plant when and 
where the odds for rain are in their favor. TropSoils research has 
attempted to improve Iheir success rate by calculkt.ing rainfall 
probabilities by date and region, and by learning hiw to manage 
crops and soils to take advantage of whatever moisture is avail
able. So far, the studies have

* 	quantified temporal variation and distribution, overall 
trends and periodicities, patterns of wet and dry spells of 
rainfall, and length of the growing season; 

" 	measured the physical and hydrological properties of major 
cropped soils in Niger, quantifying moisture loss patterns 
and rain-use efficiency; 

* 	estimated evapotranspiration of economically important 
crops from climatic data. 
The results can help predict the reliability of rains during 

the growing season for many locations in Niger. They can also be 
used by plant breeders, who must adapt crops to the growing 
conditions. Texas A&.M University. 
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Rainfall harvestingincreasescrop yields in semiaridarea 

R infall harvesting has potential for in
creasing grain yield in regions with limited rainfall and sandy
soiis. In semiarid regions cereals are often sown before the start 
of the rains. If rainfall is less than required for germination, crop
stands are spotty, replanting is necessary, and yields may be 
adversely affected. Rainfall-harvesting techniques exhibit advan
tages by reducing evaporation loss and weed growth, and by
increasing water conservation. 

A study was undertaken to determine te potential of con
tour strip rainfall harvesting (CSRH) for cereal production in 
three main agrocliniatic regions of sandy soils in Niger, and to 
evaluate the influence of lertilization and plant density on the 
harvesting systems. 

Results show significant positive effects due to water man
agement. The CSRH technique induced a deeper rooting system 
and dramatically increased dry matter production. Increases in 
grain yields ranged from 56% to 120%. Nitrogen and phosphorus
fertilization were necessary to obtain maximum benefits from the 
rainfall. Higher plant density increased the yield of sorghum but 
had no effect on millet. Texas A&M University. 
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Soilfertility and cultivars influence water-use efficiency 

ropSoils scientists are finding that both 
nutrient management and cultivar selection influence a crop's 
ability t) use water efficiently. Nutrient deficiencies, particularly 
nitrogen and phosphorus, greatly inhibit crop production on 
semiav.id lands in Sahelian Africa. There is also evidence that 
some cultivai's more efficiently utilize nutrients than others. 

Crops studied responded to nitrogen and phosphorus, and 
showed a strong interaction among level of available water, 
cultivar and soil fertility. These results suggest that soil manage
ment practices to increase the amount of available water will be 
economical only when nitrogen and phosphorus deficiencies are 
corrected and when responsive genotypes are used. Texas A&M 
Universityl. 

46
 

http:semiav.id


Windbreaks improveplant'senvironment and crop growth 

TopSoils scientists have found that 
neem tree windbreaks provide several benefits to crop growth by
modifying the environment. Studies were conducted in the Mag
gia Valley of Niger, where CARE began planting windbreaks in 
1975, in order to determine how windbreaks modify climate and 
affect. cereal growth, and to investigate the influence of wood
harvesting methods on wind protection between the windbreak 
rows. 

Results showed a decrease of 29% to 41% in average wind 
speed at crop height at the center of tl ield, compared to that 
outside the windbreaks. Protection by the windbreak signifi
cantly increased dry matter production except near the rows,
where it was reduced. Fertilizers increased grain yields regard
less of distance from the windward row. 

Partial pollarding proved to be the best harvest method for 
wood with the lowest loss of efficiency. While this may not yield 
as much total wood as other techniques, harvesting can be done 
while maintaining a reduction in wind speeds greater than 30% 
between the rows. Texas A&M University. 
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Mulching improves degradedSaheliansoils 

Several procedures for reestablishing 
vegetation in the Guesselbodi Forest near Niamey, Niger, were 
conducted in cooperation with the Forest LInd Use Project. The 
simplest rmethod studied, mulching wiin tree branches, was 
more effective than tillage in the reestabli: hment of'vegetation on 
barren forest soils. 

These findings have important consequences for soil conser
vation in the Sahel, where the pressures of increasing population 
and the demand for forage and fuel have led to serious degrada
tion of forests. Tree branches, a waste product of commercial 
firewood harvesting, are readily available in areas being har
vested and are easily placed on the surface of barren forest soils. 
Texas A&M University. 
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Personnelin degree-relatedprograms 

Personnel engaged in degree-related programs supportedby TropSoils 
and collaborators. September, 1981-December, 1986. 

Correll University 

Name 
Bowen, Walter 

Country of 
citizenship 
U.S.A. 

Degree 
program 
Ph.D. 

Source of 
support 
CRSP 

Buttler, Ino W. Gjermany Ph.D. CRSP 
Carsky, Robert U.S.A. Ph.D. CRSP 
Carvalho, Luiz Brazil Ph.D. EMBRAPA 
Costa, Francisco Brazil M.S. CRSP 
Luchiari, Ariovaldo Brazil Ph.D. EMBRAPA 
Macedo, Jamil Brazil M.S. EMBRAIPA 
Macedo, Jamil Brazil Ph.D. EMBRAPA 
Marcano-Martinez, F'. 
McVoy, Christopher 

Dor. Rep. 
U.S.A. 

M.S. 
Ph.D. 

IICA 
CRSP 

Motavalli, Peter U.S.A. Ph.D. CPSP 
Osmond, Deanna U.S.A. Ph.D. Self 
Quintana, Jorge Nicaragua Ph.D. CRSP 

University of Hawaii 
Country of Degree Source of 

Name citizenship program support
Aluisius, DJohan Indonesia Ph.D. MUCIA 
Dierolf, Tom U.S.A. Ph.D. CRSP 
Evensen, Carl U.S.A. Ph.D. CRSP 
Hansen, James U.S.A. M.S. CRSP 
Huang, Ruey-Shyang Rep. of China Ph.D. USDA 
Kllham, Phoebe U.S.A. Ph.D. CRSP 
Legowo, Eko Indonesia Ph.D. USDA 
Lin, Li-Ling Rep. of China Ph.D. REG. RES. 
Ndiaye, Jean-Pierre Senegal Ph.D. AAI 
Shultz, Jan U.S.A. Ph.D. CRSP 
Singh, Upendra Fiji Ph.D. EWC 
Soekardi, M. Indonesia Ph.D. USAID 
Trangmar, Bruce New Zealand Ph.D. GNZ 
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Personnelin degree-relatedprograms 

Personnel engaged in degree-related programs supported by TropSoils 
and collaborators. September, 1981-December, 1986. 

North Carolina State University 
Country of Degree Source of 

Name citizenship program support 
Alegre, Jtlia Peru Pth. D. CRSP 
Alvarado, Alfrclo Costa Rica Ph.1b. UCR 
Ara, M il ,Peru Ph.D. CRSP 
Alvarza, Migl vl Colombia Ph.D. RF 
Casanova, d(lu-ar(io VeleZuLela Post Ph.D. GOV 
Castilla, Carlos Colombia Ph.DI. CRSP 
Davelouis, Jose Pertl Ph.D. USAID 
Dtibois, Olivier Belgiunu M.S. CRSP 
Edwards, David U.K. .S. RU 
Elsenbeer, Hfelmnut Ger-many Ph.D. CRSP 
Fernandez, Erick Kenya Ph.D. CRSP 
Fontes, Marisa Brazil Ph.D. CEPLAC 
Gialvez, Marcos Peru M.S.* INIPA 
Gichuru, MXVwCja 
Gill, Dan 

Kenya 
U.S.A. 

Ph.D. 
M.S.,Ph.D. 

CRSP 
CRSP 

Hoag, Roburt U.S.A. Ph.D. CRSP 
IHornia, Kristiina, Finland M.Sc.* UF 
Katz, Lisa U.S.A. M.S. CRSP 
lUns, ibele Brazil Ph. 1). EMBRAPA 
Makarini, Ka.rii ii lndonesia Ph.D. lADS 
Melgar, Ricardfo Argentina Ph.D. IDB 
Moran, Emilio U.S.A. Post Ph.D. Tinker Fcl. 
Mt. Pleasant, JIne U.S.A. Ph.D. CRSP 
Newman, Laurie U.S.A. M.S. CRSP 
Ngachl, Victor Cameroon M.S. USAID 
Palm, Cherl U.S.A. Ph.D. CRSP 
Perez, ,,''ge Perti B.S.* INIPA 
PoulaiuZuCn, Marti Finland M.Sc.* UF 
Schaus, IRodolib Peru M.Sc.* INIPA 
Sri uilaar, Robert Netherlands M.Sc.* UW 
Scholes, Marv S. Africa Post Ph.D. SIR 
Scholes, Robert S. Africa Post Ph.D. SIR 
Smi th, Christopher U.S.A. Ph.D. CRSP 

*Degree programs at collaborating universities (Continued next page) 
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North CaroHna State University (Continued). 

Name 
Subagyo, H. 
Szott, Lawrence 
Ouden, Gerard 
Torrance, Kenneth 
Ubiera, Amilcar 
Uribe, Eduardo 

Country of 
citizenship 
Indonesia 
U.S.A. 
Netherlands 
Canada 
Dom. Rep. 
Colombia 

Degree 
program 
Ph.D. 

Ph.D. 

B.S.* 

Post Ph.D. 

Ph.D. 

Ph.D. 


*Degree programs at collaborating universities 

Texas A&M University 

Name 
But, Elisabeth 
Davis, Jessica 
Doumbia, Mamadou 
Gandah, Mohamadou 
Gardiner, James 
Landeck, Jonathan 
Long, Steve 
Louis, Piere 
Marcelin, Fritz 
Ouattara, Mamadou 
Payne, William 
Pfordresher, Anne 
Wendt, John 
Yerima, Bernard 
Zaongo, Christophe 

Country of 
citizenship 
U.S.A. 
U.S.A. 

Mall 

Niger 

U.S.A. 
U.S.A. 
U.S.A. 
Haiti 
Haiti 
Niger 
U.S.A. 
U.S.A. 
U.S.A. 
Cameroon 
Burkina Faso 

Degree 
program 
Ph.D. 

Ph.D. 

M.S. 
M.S. 
M.S. 
M.S. 
M.S. 
M.S. 
M.S. 
Ph.D. 
M.S. 
M.S. 
M.S. 
Ph.D. 
M.S. 

Source of 
support 
LADS 
CRSP 
UF 
IDRC 
FERQUIDO 
CRSP 

Source of 
support 
CRSP
 
CRSP
 
CRSP
 
NCRP
 
CRSP
 
CRSP
 
CRSP
 
USAID
 
USAID
 
NCRP
 
CRSP
 
PSG 
CRSP 
CRSP 
CRSP 

51
 



Participantsin the overall management of TropSoils
 

Management Office 
McCants, Charles B., Director 1981-1986 
Stevens, Kimberly, Administrative Assistant 1981-1985 
Austin, Jennifer, Adminpstrative Assistant 1985-1986 
Caudle, Nell, Editor 1985-1986 

Board of Directors 
Apple, Lawrence, NCSU 1981-1983
 
Bloodworth, Morris, TAMU 1981-1983
 
Demb, Ada, UH 1981-1985
 
Metz, Joe, CU 1981-1983
 
Muljad, D., CSR 1981-1983
 
Ouattara, Mamadou, INRAN 1981-1986
 
Valverde, Carlos, INIPA 1981-1982
 
Wagner, Elmar, EMBRAPA 1981-1984
 
Palma, Victor, INIPA 1983-1985
 
Miller, Robert, NCSU 1984-1986
 
Oyer, Ed, CU 1984-1986
 
Runge, Ed, TAMU 1984-1986
 
Sudjadi, Mohammed, CSR 1984-1986
 
Goedert, Wenceslau, EMBRAPA 1985-1986
 
Quijandria, Benjamin, INIPA 1985-1986
 
Smith, Ray, UH 1986-1986
 
Soumana, Indressa, INRAN 1986-1986
 

Technical Committee (each person also a program coordinator) 
Lathwell, Douglas, CU 1981-1986 
Calhoun. Frank, TAMU 1981-1985 
Nicholaides, John, NCSU 1981-1985 
Sanchez, Pedro, NCSU 1981-1986 
U'ehara, Goro, UH 1981-1986 
Hossner, Lloyd, TAMU 1986-1986 

External Evaluation Panel 
Coulter, John, World Bank 1981-1986 
Hildebrand, Peter, UFi 1981-1986 
Thorne, Marlowe, UI 1981-1986 
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Agency for International Development 
Malcolm, John, S&T/RNR 1981-1986
 
Taylor, Sam, USAID/Brasilia 1981-1983
 
Lusk, Howard, USAID/Brasflia 1983-1986
 
Helman, Howard, USAID/Brasilia 1986-1986
 
Tappan, Walter, USAID/Jakarta 1981-1984
 
Hurdus, Alan, USAID/Jakarta 1981-1985
 
Cobb, Richard, USAID/Jakarta 1984-1986
 
Hale, Joanne, USAID/Jakarta 1985-1986
 
Taj eb, Mocharam, USAID/Jakarta 1986-1986
 
O'Donnell, John, USAID/Lima 1981-1982
 
Bathrick, David, USAID/Lima 1983-1986
 
Miller, Timothy, USAID/LIma 1984-1986
 
Flood, David, USAID/LIma 1982-1986
 
Jurado, Adolfo, USAID/Lima 1985-1986
 
Schultze, Loren, USAID/Lima 1981-1983
 
Thomas, Wilbur, USAID/Niamey 1981-1983
 
Virgel, Rudy, USAID/Niamey 1983-1984
 
Jepson, Lance, USAID/Niamey 1984-1986
 
Grayball, Lynn, USAID/Niamey 1984-1986
 
Gibson, Ernest, USAID/Niamey 1986-1986
 

On-site senior scientists 
Stoner, Eric, CU, Bra,dil 1983-1986 
Smyth, Jot, NCSU, Brazil 1981-1985 
Thompson, John, UH, Indonesia 1983-1985 
Colfer, Carol, UH, Indonesia 1983-1986 
Wade, Mike, NCSU, Indonesia 1983-1986 
Santoso, Djoko, CSR, Indonesia 1983-1984 
Sukmana, Soleh, CSR, Indonesia 1984-1986 
Guyton, Fonald, UH, Indonesia 1986-1986 
Arya, Lalit, UH, Indonesia 1986-1986 
Bandy, Dale, NCSU, Peru 1981-1982 
Benites, Jose, NCSIU, Peru 1982-1986 
Alegre, Julio, NCSU, Peru 1985-1986 
McCollum, Robert, NCSU, Peru 1982-1985 
Villavicenclo, Manuel, INIPA, Peru 1981-1986 
Del Castillo, Dennis, NCSU, Peru 1983-1986 
Chase, Robert, TAMU, Niger 1983-1985 
Persaud, Naraine, TAMU, Niger 1984-1986 
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Personnelengaged in the Cornell University component
 

Name 
Boaventura, Afonso 
Bouldin, David 
Bowen, Walter 
Bryant, Ray 
Burle, Marilia 
Buttler, ino 
Cardoso, Irene 
Carsky, Robert 
Carvalho, Luiz 
Costa, Francisco 
Cox, Fred 
DLxbury, John 
Freitas, Elias 
Goedert, Wenceslau 
Grove, Thurman 
Gustafson, Daniel 
Helman, Howard 
Klausner, Stuart 
Komellus, Euclides 
Lath'vell, Douglas 
Lins, Ibere 
Lobato, Edson 
Lucey, Robert 
Luchiari, Ariovaldo 
Lusk, Howard 
Macedo, Jamil 
Marcano-Martinez, E. 
McBride, Murray 
McVoy, Christopher 
Mendes, Cristina 
Metz, Joe 
Miranda, Leo 
Motavalli, Peter 
Nicholaides, John 
Osmond. Deanna 
Oyer, Edwin 
Pereira, Joao 
Peres, Jose 
Pontes, Raimundo 
Quintana, Jorge 

Position 
Researcher 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Researcher 
Junior Scientist 
Researcher 
Junior Scientist 
Junior Scientist 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Administrator 
Senior Scientist 
Senior Scientist 
Agri. Devlp. Off. 
Senior Scientist 
Senior Scientist 
Program Coord. 
Junior Scientist 
Senior Scientist 
Administrator 
Junior Scientist 
Agri. Devlp. Off. 
Junior Scientist 
Junior Scientist 
Senior Scientist 
Junior Scientist 
Researcher 
Administrator 
Senior Scientist 
Junior Scient.st 
Senior Scientist 
Junior Scientist 
Adminstrator 
Senior Scientist 
Senior Scientist 
Administrator 
Junior Scientist 
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Specialty Affiliation 
Fertility EMBRAPA 
Fertility CU 
Fertility CU 
Pedology CU 
Fertility CU 
Fertility/Model CU 
Management EMBRAPA 
Fertility CU 
Plant Physio. EMBRAPA 
Fertility CU 
Fertility NCSU 
Organic Matter CU 
Soil Physics EMBRAPA 
Administration EMBRAPA 
Management CU 
Coordination IICA 
Administration USAID 
Soil Management CU 
Pastures CPAC 
Coord./Res. CU 
Fertility NCSU 
Soil Fertility EMBRAPA 
Administration CU 
Agrometerology EMBRAPA 
Administration USAID 
Pedology EMBRAPA 
Soil Chemistry CU 
Chemistry CU 
Physics CU 
Plant Ecology CNPQ 
Administration CU 
Soil Fertility EMBRAPA 
Fertility CU 
Fertility NCSU 
Management CU 
Administration CU 
Soil Fertility EMBRAPA 
Soil Mlcrobio. EMBRAPA 
Administration EMBRAPA 
Fertility CU 
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Name 
Ranzani, Guido 
Reid, Shaw 
Reis, Eduardo 
Resek, Dimas 
Ritchey, Dale 
Riha, Susan 
Rodrigues, Gustavo 
Snyder, Victor 
Sousa, Djalma 
Stoner, Eric 
Suhet, Allert 
Taylor, Sam 
Van Walnbeke, Arnand 
Vilela, Lorival 
Wagenet, Jeff 
Wagner, Elmar 
Wondergem, Abraham 

Position 
Administrator 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Agri. Devip. Off. 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Administrator 
Researcher 

Specialty 
Administration 
Management 
Irrigation 
Soil Management 
Management 
Physics 
Plant Piiysio. 
Managrilent 
Soil Chemistry 
Management 
Microbiology 
Admnistration 
Pedclogy 
Soil Fertility 
Physics 
Administration 
Fertility 

Affiliation 
EMBRAPA 
CU 
CPAC 
FMBRAPA 
CU 
CU 
EMBRAPA 
CU 
EMI31APA 
CU 
EMBRAPA 
USAID 
CU 
EMBRAPA 
CU 
EMBRA.PA 
UW 
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Personnelengaged in the University of Hawaiicomponent
 

Name 
Agus, Fahmuddin 
Agus, Herman 
Aluisius. Djohan 
Arya, Lalit 
Cassel, Keith 
Chapman, Barbra 
Chu, Ada 
Cobb, Richard 
Colfer, Carol 
Demb, Ada 
Dierolf, Tom 
Dudley, Richard 
E1-Swaifv, Sainir 
Evensen, Carl 
Evensen, Stacy 
Evi, Martha 
Gill, Dan 
Godwin, Do, iglas 
Guyton, Ronald 
Hale, Joanne 
Hansen, James 
Herwasona, Soedgito 
Hidayat, Endang 
Huang, Ruey 
Hue, Nguyen 
-lurdus, Alan 

Istiglal, Amien 
Itoga, Stephen 
Kamprath, Eugene 
Kanehiro, Yoshinori 
Kan, Stephenie 
Khairul 
Kilham, Phocbe 
Legowo, Eko 
Li, Zhi Cheng 
Li. , Li-Ling 
McArthur, Harold 
Mochtar, Naim 
Muijadi, D. 
Murabayashi, Naomi 

Position 
Researcher 
Researcher 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Researcher 
Agri. Officer 
Senior Scientist 
Administrator 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Junior Scientist 
Junior Scientist 
Junior Scientist 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Agri. Officer 
Junior Scientist 
Senior Scientist 
Junior Scientist. 
Graduate Assistant 
Senior Scientist 
Agri. Officer 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Junior Scientist 
Admin. Assistant 
Junior Scientist 
Junior Scientist 
Junior Scientist 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Administrator 
Secretary 
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Specialty Affiliation 
Conservation CSR 
Sociology AU 
Physics UH/AU 
Physics UH 
Physics NCSU 
Sociology UH 
Chemistry UH 
Administration USAID 
Anthropology UH 
Administration UH 
Fertility UH 
Fisheries UH 
Conservation UH 
Fertility UH 
Nutrition UH 
Sociology AU 
Fertility NCSU 
Modeling IFDC 
Management UH 
Administration USAID 
Chemistry UH 
Botany INB 
Fertility CSR 
Biochemistry UH 
Chemistry UH 
Administration USAiD 
Fertility CSR/UH 
Info. Science UH 
Fertility NCSU 
Chemistry UH 
Agr. Economics UF 
Administration UH/CSR 
Geog. Info. Sys. UH 
Physics UH 
Expert Systems UH 
Modeling UH 
Anthropology UH 
Sociology AU 
Administration CSR 
Administration UH 



Name 
Ndiaye, Jean-Pierre 
Newton, Barbara 
Rauch, Marian 
Sakumoto, Suemi 
Santoso, Djoko 
Santoso, Edi 
Schultz, Jnelt 
Sharpley, Andrew 
Sholeh, Ir. 
Sigman, Vickie 
Silva, James 
Singh, Upendra 
Smith, M. Ray 
Soekardi, M. 
Sudjadi, M. 
Sukmana, Soleh 
Suwardjo, 
Tajeb, Mocharam 
Tang, Chung-Shih 
Tappan, Walter 
Thompson, John 
Trangmar, Bruce 
Tsuji, Gordon 
Tuivavalagi, Nacanieli 
Uehara, Goro 
Wade, Mike 
Widjaja-Adhi, I.P.G. 
Wilson, Kathleen 
Yost, Russell 

Position 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Fisca! Acc'ting 
Senior Scientist 
Junior Scientist 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Junior Scientist 
Administrator 
Junior Scientist 
Administrator 
Senior Scientist 
Senior Scientist 
Agri. Officer 
Senior Scientist 
Agri. Officer 
Senior Scientist 
Junior Scientist 
Project Manager 
Junior Scientist 
Program Coord. 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 

Specialty Affiliation 
Fertility UH 
Sociology UH 
Human Resources UH 
Administration UH 
Fertility CSR 
Fertility CSR 
Conservation UH 
Modeling ARS 
Management CSR 
Sociology UH 
Fertility UH 
Modeling UH 
Administration UH 
Sci. Pedology CSR 
Administration CSR 
Physics CSR 
Conservation CSR 
Administration USAID 
Biochemistry UH 
Administration USAID 
D.Muiagement UH 
Geomorphology UH 
Administration UH 
Fertility UH 
Admin./Res. UH 
Fertility NCSU 
Fertility CSR 
Human Dev. UH 
Fertility UH 
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Participantsin the North CarolinaState University component
 

Name 
Acuna, E. 

Adiningsih, Sri 

Agus, Fahmucddill 

A1-Jabri 

Alegre, Julio 

Alvarado, Alfedo 

Ara, Miguel 

Arca, Manuel 

Arevalo, Luis 

Ayarza, Miguel 

Ayre, Olinda 

Aznaran, Andres 

Bandy, Dale 

Bastos, Joaquim 
Bathrick, David 
Benavides, Julio 
Benites, Jose 
Buol, Stanley 
Bustamante, Miguel 
Calderon, Mario 
Cantera, G. 
Cassel, Keith 
Castilla, Carlos 
Ceballos, Jorge 
Colfer, Carol 
Correa, Jose 
Couto, Walter 
Cox, Fred 
Cravo, Manoel 
Davelouis, Jose 
Davey, Charles 
Del Aguila, Graciela 
Del Castillo, Dennis 
de Moraes, Erci 
Dextre, Rolando 
Elsenbeer, Helmut 
Escobar, Ricardo 
Escobar, Mercedes 
Fernandes, Erick 
Flores, Miguel 

Position 
Researcher 
Division Head 
Researcher 
Researcher 
Senior Scientist 
Junior Scientist 
Junior Scientist 
Director 
Researcher 
Junior Scientist 
Technician 
Researcher 
Senior Scientist 
Senior Scientist 
Agricultural Off. 
Station Director 
Senior Scientist 
Senior Scientist 
Coordinator 
Researcher 
Researcher 
Senior Scientist 
Junior Scientist 
Program Manager 
Senior Scientist 
Researcher 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Junior Scientist 
Senior Scientist 
Admin. Assistant 
Senior ScIentist 
Station Director 
Junior Scientist 
Junior Scientist 
Researcher 
Senior Sc'entist 
Junior Scientist 
Resea'-cher 
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Specialty Affiiation 
Pastures INIPA 
Administration CSR 
Physics CSR 
Fertility CSR 
Physics NCSU 
Classification NCSU 
Pastures NCSU 
Administration INIPA 
Fertility INIPA 
Pastures CIAT 
Laboratory NCSU 
Tillage INIPA 
Administration NCSU 
Fertility EMBRAPA 
Administration USAID 
Administration INIPA 
Management NCSU 
Classification NCSU 
Training INIPA 
Pastures CIAT 
Pastures INIPA 
Physics NCSU 
Pastures CIAT 
Administration INIPA 
Anthropolor UH 
Soil Physics EMBRAPA 
Classification NCSU 
Fertility NCSU 
Fertility EMBRAPA 
Fertility UNA 
Agroforestry NCSU 
Administration NCSU 
Management NCSU 
Administration EMBRAPA 
Pastures INIPA 
Physics NCSU 
Agroforestry IICA 
Economics INIPA 
Agroforestry NCSU 
Pastures INIPA 



Name 
Florindez, Sue 
Fontes. Marisa 
Forbes, Tonya 
Fuigueroa, Jorge 
Gallo, Marta 
Galvao, Expedito 
Galvez, Marco 
Gedger, Putti 
Glchuru, Mwenja 
Gill, Dan 
Goedert, Wenceslau 
Gonzalez, Mariela 
Gowland, Patricia 
Guillen, Wilfreclo 
Heryadi, M. 
Hoag, Robert 
Hooper, Jonathan 
Ivazeta, Hemilce 
Jurado, Adolfo 
Kamprath, Eugene 
Kasno, Antonius 
K-atz, Lisa 
Lara, Deysi 
Latham, Marc 
Le Marc, Peter 
Lenne, Jill 
Lermo, Juan 
Liegel, Leon 
Lins. Ibere 
Lopez, Jonathan 
Makarini, K-arim 
McCollum, Robert 
Medeiros, Valeria 
Melgar, Ricardo 
Merino, Jose 
Mesta, Ruben 
Miller, Robert 
Miller, Timothy 
Monar, Bertha 

Position 
Admin. Assistant 
Junior Scientist 
Technician 
Researcher 
Researcher 
Researcher 
Researcher 
Country Coord. 
Junior Scientist 
Junior Scientist 
Director 
Admin. Assistant 
Technician 
Researcher 
Researcher 
Junior Scientist 
Junior Scientist 
Researcher 
Program Manager 
Senior Scientist 
Technician 
Junior Scientist 
Researcher 
Director 
Senior Scientist 
Senior Scientist 
Researcher 
Senior Scientist 
Junior Scientist 
Researcher 
Junior Scientist 
Senior Scientist 
Secretary 
Junior Scientist 
Station Director 
Station Direclor 
Department 1lead 
Program Manager 
Program Admin. 

Specialty Affiliation 
Administration NCSU 
Chemistry NCSU 
Laboratory NCSU 
Pastures INIPA 
Pastures INIPA 
Rice Breeding EIVI3RAPA 
Weed Control INIPA 
Management CSR 
Fertility NCSU 
Fertility NCSU 
Administration EMBRAPA 
Administration NCSU 
Laboratory NCSU 
Grain Leguimes INIPA 
Fertility CSR 
Classification NCSU 
Classification NCSU 
Pastures INIPA 
Administration USAID 
Fertility NCSU 
Fertility CSR 
Fertility NCSU 
Pastures INIPA 
Administration IBSRAM 
Fertility RU 
Pastures CIAT 
Agronomy INIPA 
Agroforestry USDA 
Fertility EMPAER 
Corn & Sorghum INIPA 
Physics CSR 
Fertility NCSU 
Administration NCSU 
Fertility Argentina 
Administration INIPA 
Management INIPA 
Administration NCSU 
Administration USAID 
Administration NCSU 

(Continued next page) 
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Participantsin the North CarolinaState University component 

(Continued) 

Name 
Mt. Pleasant, Jane 
Muijadi, D. 
Naderman, George 
Newman, Laurie 
Ngachie, Victor 
Nicholaides, John 
Nurena, Marco 
Oliveira, Luiz 
Pacora, Lander 
Palm, Cheryl 
Palma, Victor 
Pashanasi, Beto 
Perez, Jorge 
Phillips, Elizabeth 
Piha, Melvyn 
Pizarro, Esteban 
Quijandria, Benjamin 
Racchumi, Alfredo 
Reategui, Kenneth 
Roman, Rafael 
RuIz, Pedro 
Salazar, Angel 
Salazar, Eleazar 
Sanchez, Pedro 
Santoso, Djoko 
Schaus, Rodolfo 
Schnaar, Rob 
Scholes, Mary C. 
Scholes, Robert 
Schulze, Loren 
Sllsbee, Dawn 
Smith, Christopher 
Smithson, Paul 
Smyth, Jot 
Subagjo, H. 
Sudjadi, Mohammed 
Swift, Michael 
Szott, Lawrence 

Position 
Junior Scientist 
Director 

Senior Scientist 
Junior Scientist 
Junior Scientist 
Program Coord. 
Researcher 

Junior Scientist 
INIPA Head 
Junior Scientist 
INIPA Head 
Researcher 
Researcher 
Secretary 
Researcher 

Senior Scientist 
INIPA Head 
Researcher 
Senior Scientist 
Technician 
Researcher 
Researcher 
Junior Scier.tist 
Program Coord. 
Senior Scientist 
Researcher 

Researcher 
Senior Scientist 
Senior Scientist 
ARDO/Lima 
Secretary 

Junior Scientist 
Technician 
Senior Scientist 
Researcher 
Director 
Senior Scientist 
Junior Scicntist 
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Specialty Affiliation 
Weed Control NCSU 
Administration CSR 
Management NCSU 
Classification NCSU 
Fertility Cameroon 
Coord./Res. NCSU 
Management INIPA 
Fertility INPA 
Administration INIPA 
Agroforestry NCSU 
Administration INIPA 
Agroforestry INIPA 
Agroforestry INIPA 
Administration NCSU 
Fertility NCSU 
Pastures CIAT 
Administration INIPA 
Upland Rice INIPA 
Pastures INIPA 
Laboratory NCSU 
Microbiology INIPA 
Agroforestry INIPA 
Classification Venezuela 
Coord./Res. NCSU 
Management CSR 
Pastures INIPA 
Fertility Wageningen 
Microbiology CSIR 
Ecology CSIR 
Administration USAID 
Administration NCSU 
Classification NCSU 
Chemistry NCSU 
Fertility NCSU 
Classification CSR 
Administration CSR 
Biology TSBF 
Agroforestry NCSU 



Name 
Tepe, Cesar 
Toledo, Jose 
Thompson, John 
Uliera, Amilcar 
Uribe, Eduardo 
Valverde, Carlos 
Vela, Jorge 
Villachica, IHlgo 
Villavicencio, M. 
Wade, Michael 
Wagner, Elmar 
Wegena, Putu 
Zuniga, Luis 

Position 
Researcher 
Senior Scientist 
Senior Scientist 
Junior Scientist 
Junior Scientist 
Administralion 
Researcher 
Senior Scientist 
Station Director 
Senior Scientist 
Director 
Researcher 
Researcher 

Specialty Affiliation 
Paddy Rice INIPA 
Pastures CIAT 
Administration UH 
Mineralogy Dom. Rel). 
Fertility Colombia 
Administration INIPA 
Pastures INIPA 
Administration INIPA 
Administration INIPA 
Fertility NCSU 
Admin ,istratio EMBRAPA 
Fertility CSR 
Physics INIPA 
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Personnelengaged in the Texas A&M University component
 

Name 
Adoulaye, Adam 
AIlari, 1. 
Bationo, Andre 
Bloodworth, Morris 
B3oudouresque, Eric 
Bronson, Roy 
1311i. Eliza )eth 
Calhou n, Franik 
(Cardwell, Suzallne 
(1tld:ie, Robert 
Clark, Johii 
Davis-PRainey, ,Jessic 
Denneson. Steve 
Dicko, Mdm. M. 
Dixon, Joe 
Doulmbla, M. 
Fuller, Flynn 
Gandah, Mahamadu 
Garba, Annou 
Gardiner, Janies 
Garrett, Steve 

Gibbons, Ron 
Gibson, Ernie 
Gonda, Jada 
Goube, Gaoh 
Grayball, Lynn 
Hallmark, Tom 
Ilatfield, Jerry 
Heenans, John 
Hossner, Lloyd 
Ferrari, Kati 

Jackson, Cu rtis 
Jepson, Lance 
Kai, Michael 
Kouyate, Zoi iuial a 
IaIscano, Robert 
Long, Steve 
Mabry, James 
Magglo, Robert 
Manu, Andrew 

Position 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Department IHLead 
Junior Sceienist 
IA'ader 
Junior Scientist 
P>rogram Coord. 
Assist. Adm. 
Senior Scientist 
Leader 
Jumior Scientis' 
Researcher 
Researcher 
Senior Scientist 
Junior Scientist 
Agri. Dev. Off. 
Senior Scientist 
Senior Scientist 
Junior Scientist 
Administrator 

Director 
Agri. Dev. Off. 
Senior Scientist 
Section I lead 
Agri. Dev. Off. 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Program Coord. 
Secretary 

Director 
Agri. Dev. Off. 
Senior Scientist 
Program Coord. 
Senior Scientist 
Junior Scientist 
Technician 
Senior Scientist 
Senior Scientist 

Specialty Affiliation 
Statistics INRAN 
Comp. Science DMN 
Fertility IFDC 
Adninistration TAMU 
Management UOA 
Administration NCRP 
Classification TAMU 
Coord./Classif'. TAMU 
Administration TAMRF 
P1ivsies TAMU 
Administration NCRP 
Management TAMU 
Management CARE 
Research ILCA 
Mviineralogv TAMU 
Management IER 
Administration USAID 
Management INRAN 
Classification INRAN 
Management TAMU 
Administration TAMRF 
Administration ICRISAT 
Administration USAID 
Plant Breeding INRAN 
Fertility INRAN 
Administration USAID 
Classification TAMU 
Cropping Syst. USDA 
Agroforestry FLUP 
Coord./Fertillty TAMU 
Administration TAMU 

Administration ICRISAT 
Administration USAiD 
Physics UW 
Coord./Mgt. IER 
Physics 'AES 
Management TAMU 
Research TAES 
Remote Sensing TAMU 
Laboratory TAMU 
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Name 
McCool, Donald 
Northcut, Gloria 

Nwvanze, Kanayo 

Oneil, Michael 

Onken, Arthur 

Ouattara. Mamadou 
Oundabar, Botorou 
Parker, Margaret 
Payne. William 
Persaud, Naraine 
Pfordreshcr, Axn 
lPiwonka, Norman 
P1entes, Ruben 
Reddy, S.K. 
Runge. Ed 
Salcy, Moucsa 
Serafini, Phil 
Shadfar , Ilarbi 
Shihahe, Juanita 
Sinmpara, Mamadou 
Soumana, hidrissa 
Sow, Abdoul 
Steve, Juan 
Stroosni cier, Leo 
Swindale, Les 
Thomas, Wilbur 
Traore, Fatagoma 
Upchurch, Dan 
Van Bavel, C. 
Vigil, Rudolph 
Vollmar, Glen 
Wendt. Charles 
Wendt, John 
West, Irry 
Wheaton, Sandra 
Wildling, Larry 
Yerima, Bernard 
Zaongo, Christopher 

Position 
Senior Scientist 
Secretary 
Director 
Researcher 
Senior Scientist 
Department Head 
Junior Scientist 
Secretary 
Junior Scientist 
Senior Scientist 
Junior Scientist 
Technician 
Program Manager 
Agri. Dcv. Off. 
Departineiit iHead 
Director Gen. 
Senior Scientist 
Senior Scientist 
Admin. Assistant 
Program Coord. 
Director Gen. 
Junior Scientist 
Senior Scientist 
Senior Scientist 
Director Gen. 
Agri. Dev. Off. 
Director Gen. 
Senior Scientist 
Senior Scientist 
Agri. Dev. Off. 
Director, ME 
Senior Scientis 
Junior Scientist 
Junior Scientist 
Asst. Adm. 
Senior Scientist 
Junior Scientist 
Junior Scientist 
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Specialty 
Physics 
Administration 
Administration 
Research 
Fertility 
Administration 
Research 
Administration 
Management 
Soil Physics 
Classification 
Research 
Administration 
Administration 
Administration 
Administration 
Management 
Mineralogy 
Administration 
Coord./Mgt. 
Administration 
Management 
Agroforest-y 
Physics 
Administration 
Administration 
Administration 
Cropping Syst. 
Physics 
Admin!stration 
Administration 
Physics 
Fertility 
Classification 
Administration 
Classification 
Classification 
Management 

Affiliation 
USDA 
TAMU 
ICRISAT 
PP 
TAES 
INPAN 
INRAN 
TAES 
TAMU 
TAMU 
TAMU 
TAES 
TAMU 
USAID 
TAMU 
INRAN 
ICRISAT 
TAMU 
TAMRF 
IER 
INRAN 
IER 
FLUP 
W.XU 
ICRISAT 
USA]) 
IER 
USDA 
TAMU 
USAID 
INTSORMIL 
TAES 
TAMU 
TAMU 
TAMRF 
TAMU 
TAMU 
TAMU 



Collaborators 

Organizations and institutions collaborating with Cornell University 

Centro de Pesquisa Agropecuaria dos Cerrados- Brazil
 
Empresa Brasileira de Pesquisa Agropecuari- Brazil
 
North Carolina State University- USA
 

U.S. Agency for International Development- Brazil 

Organizations and institutions collaborating with University of Hawaii 

Ageixy for Agri'ulItural Research and Development- Indonesia 

Ag,-i;:ultural Research Service, U.S. Department of Agriculture- USA 

Andalas University-- Indonesia 
Center for Soil Research- Indonesia 
Institute Pertanian Bogor- Bogor 
International Fertilizer Development Cc.ter- USA 

North Carolina State University- USA 
U.S. Agency for International Development- Indonesia 

Organizations and institutions collaborating with North Carolina State 
University 

Center for Soils Research- Indonesia 
Centro Internacional de Agricultura Tropical-- Colombia 
Centro de Pesquisa Agropecuria dos Cerrados- Brazil 
Cornell University- U'SA 
Empresa Brasileira de Pesquisa Agropecuaria- Brazil 
Institute of Development Studies- Finland 
Instituto Interamericano de Cooperacion para ]a Agricultura- Brazil 
Instituto Nacional de Investigaci6n y Promoci6n Agraria- Peru 
Instituto Veterinario de Investigaci6n del iYcpico y Altura- Peru 
International Board for Soil Research and Management-Thailand 
National Institute for Amazonian Research- Brazil 
Proyecto Especial Pichis-Palcazu- Peru 
Reading University- United Kingdom 
Tropical Soil Biologry and Fertility Program- Zimbabwe 
U.S. Agency for International Development- Peru 
Unidade de Execucao de Pesquisa de Ambito Estadual de Manaus- Brazil 
Universidad Nacional Agraria- Peru 
University of Wageningen- The Netherlands 
University of Paris- Paris 
University of Hawaii- USA 
University of Georgia- USA 
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Collaborators 

Organizations and institutions collaborating with Texas A&M 
University 

Centre Regional de Formation et D'Application en Agro-meteorologle et Hy
drologie- Niger

Collaborative Research Support Program on Sorghum and Millet- USA 
Cooperatives for American Relief Everywhere- Niger
Direction de la Meteorologie Nationale- Niger 
Forest and Land Use Planning Project- Niger 
Institut d'Economie Rural- Mali 
Institut Franqais de Recherche Scientifique et Cooperation- France 
Institut National de Recherches Agronomiques du Niger- Niger
Institut de Recherches Agronomiques Tropicals- France 
International Center for Agricultural Research in the Dry Areas- Syria
International Crops Research Institute for the Semi-Arid Tropics- Niger/ 

Mali
 
International Fertilizer Development Center- USA
 
International Livestock Center for Africa- Ethiopia 
Niger Cereals Research Project- Niger 
Office of International Cooperation and Development- USA 
Semi-Arid Food Grain Research and Development- Burkina Faso 
Soil Management Support Services- USA 
U.S. Agency for International Development- Niger/Mali 
U.S. Department of Agriculture- USA
 
University of Niamey- Niger
 
University of Wageningen- The Netherlands
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Expenditures 

Expenditures of SM-CRSP grant funds by object item and institution, 
September 1981- December 1986 

Management 
Object Cornell Hawaii NCSU TAMU Office Total 

Salaries $299,142 $768,691 $1,566,538 $839,545 $423,921 $3,897,837 
Benefits/Allow. 36,447 165,029 381,340 168,523 74,122 825,461 
Travel 103,413 294,305 429,327 376,267 193,914 1,397,226 
Supplies 22,827 156,563 396,673 259,323 10,497 845,883 
Equipment 47,496 133,182 204,433 250,388 22,522 658,021 
Other D.C. 157,302 263,809 945,631 692,236 107,230 2,166,208 
Overhead 224,644 486,352 861,379 492,916 323,873 2,389,364 

Total $891,471 $2,267,931 $4,785,321 $3,079,198 $1,156,079 $12,180,000 

Program-wide expenditures of SM-CRSP grant funds by object item, 
September 1981- December 1986. 

Salaries 

Benefits/Allow. 

Supplies 

Equipment
Other D.C.-! 

Overhead 

0 1000 2000 3000 4000
 
Dollars (x 1000) 
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Expenditures 

Expenditures by obfict item for each component, 1981-1986. 

Cornell University Texas A&M University 

Salaries ... Salaries X 
Benefits/Allow. Benefils/Allow.. 

Travel Travel 

Supplis Supplies 

Equipment Equipment 

Ollier D.C. 

OverheadOverhead 

Other D.C. 

X 
0 100 200 300 0 200 400 600 800 1000 

Dollars (x1000) Dollars (x 1000) 

University of Hawaii North Carolina State University 
Salaries 

Benefis!AIow. 
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Equpmpnt 

Other D.C, 

Overhead 
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0 200 

Management 
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800 
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500 1000 1500 
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2000 
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...... ..
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0 100 200 300 400 500 
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Co t sharing 

Cost sharing reported by each university participating in the Soil 
Management CRSP. September 1981- December 1986. 

Hawaii ..
 

Cornell 

N.C. State 

Texas A&M 

Amount, 
University Dollars 

Cornell 342,990 
Hawaii 479,676 
N.C. State 1,889,102 
Texas A&M 721,744 

Total 3,433,512 
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Abbreviations 

Abbreviation 

AARD 

AGRHYMET 

AID 

ARS 

AU 
BiFAD 

CARE 

CEPLAC (CPAC) 

CIAT 

CNPQ 
CSIR 

CSR 
CU 
DMN 

EEP 
EMBRAPA 

EMPAER 

EWC 
FERQUIDO 

FLUP 

GOV 
HB 

Name 

Agency for Agricultural 

Research and Development
 
Centre Regional de Formation 

et d'Application en Agro
meteorologie et Hydrologic
 
Agency for International 

Development
 
Agricultural Research Service 

(of the USDA)
 
Andalas University 

Board for International Food 

and Agricultural Development
 
Cooperatives for American 

Relief Everywhere
 
Centro de Pesquisa 

Agropecuaria dos Cerrados 
Centro Internacional de 
Agricultura Tropical 
Conselho Nacional de Pesquisa 
Center for Scientific and 
Industrial Research 
Center for Soils Research 
Cornell University 
Direction de ]a Meteorologie 
Nationale 
External Evaluation Panel 
Empresa Brasileira de 
Pesquisa Agropecuaria 
Empresa de Pesquisa, Assistencia 
Teenica e Extensao Rural 
East-West Center 
Fertilizantes Qutmicos 
Dominicanos, SA 
Forest and Land Use Planning 
Project 
Government of Venezuela 
Herbarium Bogorience 
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Country 

Indonesia 

Niger 

USA 

USA 

Indonesia 
USA 

USA 

Brazil 

Colombia 

Brazil 
South Africa 

Indonesia 
USA 
Niger 

Brazil 

Brazil 

USA 
Dominican Rep. 

Niger 

Venezuela 
Indonesia 



Abbreviations 

Abbreviation 

LADS 

IBSRAM 

ICARDA 

ICRISAT 

IDB 
IDRC 

IDS 
IER 
IFDC 

IFRSC 

IICA 

ILCA 

INIAA 

INiPA 

INRAN 

INTSORMIL 

IPB 
IRAT 

iVlTA 

Name Country 
International Agricultural USA
 
Development Service
 
International Board for Soil Thailand
 
Research and Managemeni
 
International Center for Syria
 
Agricultural Research in the
 
Dry Areas
 
International Crops Research Niger
 
Institute for the Semi-Arid Tcpics
 
International Development Bank USA 
International Development Canada
 
Research Centre
 
Institute of Development Studies Finland
 
Institut d'Economie Rural2 Mali
 
International Fertilizer USA
 
Development Center
 
Institut Francais de Recherche France
 
Scientifique et Cooperation
 
Instituto Interamericano
 
de Cooperaci6n para la
 
Agricultura 
International Livestock Ethiopia
 
Center for Africa
 
Instituto Nacional de Investigacd6n Peru
 
Agraria y Agroindustrial 
Instituto Nacional de Peru 
Investigaci6n y Promoci6n Agraria 
Institut National de Recherches Niger 
Agronomiques du Niger 
Collaborative Research Support USA 
Program on Sorghum and Millet 
Institute Pertanian Bogor Indonesia 
Institut de Recherches France 
Agronomiques Tropicals 
Instituto Veterinario de Peru 
Investigacion del Tropico y P Itura 
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Abbreviation 

JCARD 

JRC 
LDC 
MUCIA 

NCRP 
NCSU 
OICD 

PEPP 

PP 

PSG 

RF 

RU 

SAFGRAD 


SM-CRSP 

SMSS 

TAES 

TA MRF 
TAMU 
TSBF 

UCR 
UEPAE 

UF 
UFl 
UG 
UH 
UN 

Name 

Joint Committee on Agricultural 
Research and Development 
Joint Research Committee 
Less Developed Country 
Midwest Universities Consortium 
for International Development 
Niger Cereals Research Project 
North Carolina Stale University 
Office of International 
Cooperation and Development 
Proyecto Especial Pichis-
Palcazu 
Project Productivite 
Program Support Grant 
Rockefeller Foundation 
Reading University 
Semi-Arid Food Grain Research 
and Development 
Soil Management Collaborative 
Research Support Program 
Soil Management Support 
Services 
Texas Agricultural Experiment 
Station 
Texas A & M Research Foundation 
Texas A & M University 
Tropical Soil Bioloky and 
Fertility Program 
University of Costa Rica 
Unidade de Execucao 
de Pesquisa de Ambito 
Estadual de Manaus 
University of Finland 
University of Florida 
University of Georgia 
University of Hawaii 
University of Niamey 
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Country 

USA 

USA 

USA 

Niger
 
USA
 
USA
 

Peru 

Niger 
USA 
USA 
United Kingdom 
Burkina Faso 

USA 

USA 

USA 

USA 
USA 
Zimbabwe 

Costa Rica 
Brazil 

Finland 
USA 
USA 
USA 
Niger 



Abbreviations 

Abbreviation 
UNA 
UOA 
USAID 

USAID 

UbAID 

USAID 

USAID 

USDA 

UW 

Name 
Unive'siaad Nacional Agraria 
University of Orleans 
United States Agency for 
International Development 
United States Agency for 
International Development 
United States Agency for 
International Development 
United States Agency for 
International Development 
United States Agency for 
International Development 
United States Department of 
Agriculture 
University of Wageningen 

Country 
Peru 
France 
Brazil 

Indonesia 

Mali 

Niger 

Peru 

USA 

Netherlands 
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Publications 

Publications in Serial Journals, Technical Bulletins, Monographs 
and Workshop Proceedings. Cornell University. 

Bouldin, D. R., K. D. Ritchey and E. Lobato. 1985. Management of soil 
acidity. In: P. A. Sanchez, E. R. Stoner and E. Pushparajah (eds.).
Management of acid tropicalsoils for sustainableagriculture.IBSRAM 
Proc. 2:187-203. Bangkok, Thailand. 

Buttler, I. and S. J. Riha. 1987. General purpose simulation model of 
water flow in the soil-plant-atmosphere continuum. App. Agr. Res. 
2:230-234. 

Janssen, B. i., D. J. Lathwell and J. Wolf. 1987. Modeling long-term 
crop response to fertilizer phosphorus. II. Comparison with field 
results. Agron. J. 79:452-458. 

Lathwell, D. J. and D. R. Bouldin. 1981. Soil organic matter and sofl 
nitrogen behavior in cropped soils, Trop. AgrL 58:341-348. 

Lalhwell. D. J. and T. L. Grove. 1986. Soil-plant relationships in the 
tropics. Ann. Rev. Ecol. Syst. 17:1-16. 

Macedo, J. and R. B. Bryant. 1987. Morphology and mineralogy and 
genesis of a hydrosequence of Oxisols in Brazil. Soil Sci. Soc. Am. J. 
51:690-698. 

Montavalli, P. P. and J. M, Duxbury. 1987. The effects of additions of 
alfalfa and oxalate on sulfur mineralization and sulfate adsorption in 
Latasols of the Cerrado. Rev. Bras. Cienc. Solo. In press. 

Wolf, J., C. T. deWit, B. H. Janssen and D. J. Lathwell. 1987. Modeling 
long-term crop response to fertilizer phosphorus. 1.The model. 
Agron. J. 79:445-451. 

Publications in Serial Journals, Technical Bulletins, Monographs 
and Workshop Proceedings. University of Hawaii. 

EI-Swaily, S. A. 1987. Contrasting the conservation and management 
requirements of Alfisols, Oxisols, and Ultisols for improved rainfed 
farming in semi-arid areas. In: I Pla-Sentis (ed). Proceedingsof the 
Fourth InternationalConferenceon Soil Conservation.Venezuela Soc. 
Soil Sct. Maracay, Venezuela. 
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Publications 

EI-Swafy, S. A. 1987. Soil-based concerns for soil and water conserva
lion research and development in the tropics. In: S. Jantawat (ed.). 
Proceedingsof the InternationalWorksliop on Soil Erosionand Its 
Countermeasures.Kasetsart University. Bangkok, Thailand. 

Harper, D. E. and S. A. EI-Swaify. 1987. Sustainable agricultural devel
opment in North Thailand: Soil conservation as a component of suc
cess in assistance projects, in: Proceedingsofa workshop on soil and 
waterconservatitkn oni sleep lands. Soil Conservation Soc. Amer. In 
press. 

Huang, R. S.. W. K. Smith and R. S. Yost. 1986. Influence of vesicular
arbuscular mycorrhiza on growth, water relations, and leaf orienta
tion in Leucaena leucocephtila (Lam.) de Wit. New Phytologist 99:229
243. 

Trangmar, B. B., R. S. Yost and G. Uehara. 1986. Spatial dependence 
and interpolation of soil properties in West Sumatra, Indonesia. I. 
Anisotropic variation. Soil Sci. Soc. Am. J. 50:1391-1395. 

Trangmar, B. B.. R. S. Yost and G. Uchara. 1985. Application of geosta
tistics to spatial studies of soil properties. Advnces in Agronomy. 
38:45-94. Academic Press, Inc. 

Trangmar, B. B., R. S. Yost and G. Uehara. 1986. Spatial dependence 
and interpolation of soil properties in West. Sumatra, Indonesia. II. 
Coregionalization and cokriging. Soil Sci. Soc. Am. J. 50:1396-1400. 

Trangmar, B. B.. R. S. Yost, M. Sudjadi, M. Soekardi and G.Uehara. 
1984. Variationof selected topsoilpropertiesin Sitiung, West Suma
tra,Indonesia.CTIIAR Research Series, No. 026. Honolulu: Univer
sity of Hawaii. 

Trangimar, B. B., R. S. Yost, M. K. Wade. G. Uchara and M. Sudjadi. 
1987. Spatial variation in soil properties and rice yield on recently 
cleared land. Soil Sci. Soc. Am. J. 50:668-674. 

Uehara, G., B. B. Trangmar and R. S. Yost. 1985. Spatial variability of 
soil properties. In: D. R. Nielsen and J. Bouma (eds.). Soil spatial 
varialhilitiy.Proceedings of a workshop of the ISSA and SSSA. 

Yost, R. S., B. B. Trangmar and J. P. Ndiaye. 1986. Geostatisticalcom
putationsoft warefor microcomputers.I. Semivariograms.Research 
Extension Bulletin Series 074. Hawaii Institute of Tropical Agricul
ture and Human Resources. University of Hawaii. 

Yost, R. S., B. B. Trangmar, J. P. Ndiaye and N. Yoshida. 1987. Geosta
tisticalcomputationsoftwarefor microcomputers.III. Block kriging. In 
press. 

Yost, R. S., B. B. Trangmar, J. P. Ndiaye and N. Yoshida. 1987. Geostatis

ticalcomputation softlwcre for microcomputers. IV. Cokriging.In press. 

Yost, R. S., S. Itoga, Z. C. Li and F'. Kilham. 1986. Soil acidity mancage
ment with expert systems. In: M. Latham (ed.). Soil Management 
Under Humid Conditions in Asia and Pacific. IBSRAM Proc. 5:317
91. Bangkok, Thailand. 
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Publications 

Publications in Serial Journals, Technical Bulletins, Monographs
 
and Workshop Proceedings. North Carolina State University.
 

Alegre, J., D. K. Cassel. D. Bandy and P. A. Sanchez. 1986. Effect of
 
land clearing on soil properties of an Ultisol and subsequent crop
 
production in Yurimaguas, Peru. In: R. La], P. A. Sanchez and R. W.
 
Cummings, Jr. (eds). Land clearingand development in the tropics,
 
pp. 167-177. Boston: A. A. Balkema Press. 

Alegre, J. C. and D. K. Cassel. 1986. Effect of land-clearing methods
 
and postclearing management on aggregate stability and organic

carl)on content of a soil in the humid tropics. Soil Sci. 142:289-295. 

Alegre, J. C., [). K. Cassel and D. E. Bandy. 1986. Effects of land clear
ing and subsequent management on soil physical properties. Soil Sci.
 
Soc. Amer. J. 50:1379-1383.
 

Alegre, J. C., D. K. Cassel and D. E. Bandy. 1986. Reclamation of al
 
Ultisol damaged by mechanical land clearing. Soil Sci. Soc. Am. J.
 
50:1026-1031.
 

Alegre, J. C., 1). K. Cassel and M. K. Makarim. 1987. Strategies for
 
reclamation of degraded land and Its utilization. In: M. Latham (ed.).
 
Soil ManarjlemetUnder -umid Conditions in Asia and Pacifc. 
ISIR"M Proc. 5:77-91. Bangko.L, Thailand. 

Alvarado, A. and S. W. Buol. 1985. Field estimation of phosphate 
retention by Andepts. Soil Sci. Soc. Am. J. 49:911-914. 

Bandy, D. E. and P. A. Sanchez. 1986. Post clearing soil management
 
alternatives for sustained production in the Amazon. In: R. Lal, P. A.
 
Sanchez and R. W. Cummings, Jr. (eds). Iand clearingand develop
ment in the tropics, pp. 347-362. Boston: A. A. Balkema Press.
 

Benites, J. R. 1983. Manejo de fosforo en suelos acidos e Infertiles de la
 
Amazonia Peruana. In: Con ferenciaLatinocunericanade Roca
 
Fosforica.pp. 471-500. IBTA. La Paz, Bolivia.
 

Benites, J. R. 1987. Transfer of acid tropical soils management technol
ogy. In: P. A. Sanchez, E. R. Stoner and E. Pushparajah (eds). Man
a.remernt of acid tropicalsoils for sustainableagriculture.IBSRAM
 
Proc. 2:245-260. Bangkok, Thailand. 

Benites, J. R., D. E. Bandy, J. J. Nicholaides, M. I. Piha and P. A. 
Sanchez. 1983. Successful soil management technologies and their 
transfer to small famis in the Peruvian Amazon. In: Communications 
of weed sci. tech. in developing countries,pp. 337-366. St. Louis,
 
Missou ri.
 

Buol, S. W. 1987. Fertllity-capabilily classification system and its utili
zation. In: M. Latham (ed.). Asialand. IBSRAM Proc. 5:317-331. 

Buol, S. W. 1987. Kandic horizon: A proposed diagnostic horizon. In: 
Progressin soil science. Special issue on theforum of soil taxonomy 
(in Chinese), pp. 16-19. Nang;ing, China: Academia Sinica. 
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Publications 

Buol, S. W. 1987. Soils of the tropics: Characteristics and classifica
tion. In: L. M. Gourley and J. G. Salinas (eds.). Sorghumfor acid
 
soils, pp. 43-46. CIAT, Cali, Colombia.
 

Buol, S. W. and H. P. Denton. 1984. The role of soil classification in 
technology transfer. In: R. B. Grossman (ed.). Soil taxonomy achieve
ments and challenges. SSSA Spec. Publ. 14:29-43. Madison, Wisconsin. 

Buol, S. W. and R. A. Rebertus. 1987. Application of computer in soil
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