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Management Perspective
 

The process of "drafting a blueprint for tomorrow" has proven to be a very valuable exer. 
cise for IFDC, and we will continue to realize its benefits in the future. 

Dr. David Hopper of our Board of Directors (also Senior Vice President for Policy, Plan
ning, and Research of the World Bank) has referred to the newly formulated IFDC Ten-Year 
Plan as "a vote of confidence regarding where the Center has been--the progress that has 
been made." 

Because of the changing needs and emphasis of world agriculture and fertilizer environ-
ments, our Board of Directors felt that a program plan for the next 10 years shoud be de-
veloond to identify IFDC's priorities in the areas of ;esearch, technology transfer, and 
information dissemination. The Plan is viewed as a general guide to orient the future direc-
tion of the Center's efforts. We look forward with enthusiasm to the next 10 years; this 
should prove to be an exciting era in the history of the institution, 

During 1987 IFDC expanded its impact with the establishment of a regional base of oper-
ation on African soil. With the help of the Togolese Government, IFDC set up its West Afri
ca Division in Lome, Togo. We will now be able to better serve the fertilizer development 
needs of West Africa from this vantage point The staff members of our West Africa Division 
have mounted research and training programs in three broad areas of agronomy, ecornom-
ics, and resource development. 

As IFDC conlinues to expand, we realize that if we are to be truly effective we must focus 
on the human aspect by improving the quality of life of the ultimate beneficiaries of our 
work-the peopl- of developing countries. Toward this end, we have engaged the collabora
tion and cooperation of the people of developing counties on every level. National scien
tists, extension workers, key specialists from the fertilizer industry, administrators, and 
farmers themselves are now active participants in the ,,ork of IFDC. By viewing their 
research through farmers' eyes, our scientists can make their work much more appropriate 
and, thus, useful in a particular situation and more valuable in the end. 

Donald L. McCune Paul .J. Stangel 
Managing Director Deputy Managing Director 

" 
If you desire peace, 

cultivate justice, but at 
the same time cultivate 

the fields to produce 
more bread; otherwise, 
there 'ill be no peace. 

Dr. Norman Borlaug 
Nobel Peace Prize 

Acceptance Speech 
December 11, 1970 
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Drafting a Blueprint for Tomorrow
 

During the past 12 years, the International Fertilizer Development Center has made significant 
progress in identifying agronomic, technological, and economic constraints to fertilizer use as well 
as removing these in order to increase and sustain food production in developing countries. 

The magnitude and causes of nitrogen losses in flooded and rainfed systems, particularly ammo
nia volatilization, have been quantified and put into perspective. The deep placement of urea, use 
of inhibitors, and/or coating of urea to curb these losses have been studied to determine under 
which conditions these modifications can effectively improve efficiency, and at least two of these 
technologies are now ready for more extensive evaluation in specific agroclimatic and economic 
zones of developing countries. 

Phosphate research and development by IFDC has enhanced the understanding of conditions 
under which indigenous deposits of phosphate rock may be used for direct application or when 
partially acidulated or extended phosphates may be appropriate alternatives in developing countries. 
Data base development and research on the use of computer simulation modeling has also led to 
expanded capabilities in extrapolation of research results in the area of nutrient use efficiency. 
These technologies are also ready for direct transfer to specific agroeconomic zones. 

Beyond these developments, IFDC has made significant progress in making the fertilizer sector in 
developing countries more efficient through training, technical assistance, and country-specifi 
studies. In carrying out its mission, IFDC has developed important linkages and integrated p 
grams with national and international institutions. 

The world agricultural and fertilizer situations have drastically changed since 1975, whF _.,i.,; 
IFDC mandate and objectives were established. The fertilizer shortages and high price- of the mid
1970s caused many developing countries to seek, evaluate, and develop indigenous resources of 
fertilizer raw materials, while emphasizing the need for increasing fertilizer use efficiency. At the 
present time the global shortages and high prices of fertilizers of the previous decades have been 
replaced by surpluses and low prices. Much of this has been due to expanded production from a 
more diverse source of supply. The changes have prompted many developing countries to shift pri.. 
orities in their agricultural development, including those of the fertilizer sector. 

Beyond these developments, IFDC has made significantprogress in 
making the fertilizer sector in developing countries more efficient 

through training,technical assistance, and country-specific studies. In 
carrying out its missio7, IFDC has developed importantlinkages and 

integraiedprog,*ns with nationaland internationalinstitutions. 

The food 5pply situation has generally improved in Asia and Latin America in the past 12 years. 
In control. ihe situation in tropical Africa has rapidly deteriorated, precipitating a catastrophic food 
shol e in 1983/84. Most developed countries and international donors responded through food 
ai-a situation that has only been partially remedied. However, the donor community recognized 
this assistance to be a short-term solution and has planned long-term strategies to avert such ca
lamities through more research on food crops with emphasis on soil fertility, fertilizer use, and crop 
varieties. 

Recognizing that IFDC must refocus its efforts to accommodate the changing needs and empha
sis of the world agriculture and fertilizer environments, the Center's Board of Directors, during its 



1986 meeting, recommended that a program plan be developed to identify the Center's priorities fcthe next 10 years. These priorities were to focus on the areas of research, technology transfer, andinformation dissemination that would be relevant to the needs of the developing countries through
the remainder of this century.

To develop this program plan, Dr. Donald L. McCune, IFDC's Managing Director, appointed acommittee composed of the various disciplines represented on the staff-engineers, soil scientists,economists, marketing specialists, training specialists, and others. The program plan developed bythe committee includes recommendations for the future directions of the Center in (1)research anddevelopment covering production technology, agronomy, economic and social sciences, and development of database and information systems; (2)technology transfer covering technical assistance and training; (3)information dissemination; (4)organizational development; (5)linkages;

and (6)funding. These recommendations 
are based on IFDC's mandate, its accomplishments, andthe influence that present world agriculture, fertilizer situations, and future expectations can have on
the fertilizer technology needs of developing countries. 

Recognizing that IFDCmust refocus its efforts to accornmodate the 
changing needs and emphasis of the world agricultureand fertilizer 

environments, the Center's Board of Directors,during its 1986 
meeting, recommended that a programplan be developed to identify 

the Center'sprioritiesfor the next 10 years. 

IFDC's mandate to focus on research, development, and transfer of appropriate fertilizer technology and related know-how for increasing food and agricultural production in developing countries atthe lowest possible cost will continue during the next 10 years. However, the Center's scope ofwork and program emphasis should be modified to complement changes in the climate of world
agriculture. The main factors expected to affect the iole of fertilizer in developing countries and
thereby have a direct impact on IFDC programs during the next 10 years are as follows:

1. A limited potential for expansion in arable land and area irrigated exists, particularly in the
 

densely populated regions of the developing world.

2. A number of countries, especially in Latin America and sub.Saharan Africa, are facing seriousproblems of unemployment and limited availability of foreign exchange with the burden of rapidly

escalating foreign debts.
3. Despite significant increases in the adoption and uss of fertilizers in developing countries during

the past decade, great potential still exists for expanding food production through the increased use of fertilizers in most countries of sub-Saharan Africa, Latin America, Asia, the Middle East,
and North Africa. 

4. Inaddition to significant differences in resource endowments, institutional strengths, and levels ofdevelopment among countries, surpluses and depressed prices of agricultural products and fertilizers in the world market have been observed in conjunction with serious regional and in
traregional disparities during the past 2-3 years.

5. As a result of balance-of-payment problems in developing countries and the related scarcity offoreign exchange, export crops and import substitutions are becoming increasingly important.6. The rapid development of communication technology and inforr iation systems of the last few years isexpected to continue during the next decade. 
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7. Increased production without ample attention to the careful use of inputs and soil conservation 
measures are causing environmental degradation in lands of some areas of the developing 
countries. 

Recommended Activities 

Research and Development 

IFDC is recognized as a basic source of information on the phosphate deposits of the world. 
This information base should be expanded to includ.? other fertilizer raw materials such as potash,
sulfur, and limestone. Information on secondary and micronutrients should also be added to the in
formation base by the year 2000. Inaddition, linkages should be established with institutions 
gathering data on natural gas and coal, and strategies should be developed to bring the informa
tion to the raw material data file. Economic studies are needed to determine the optimum process 
conditions for impurity removal and recovery of the primary nutrients, i.e., phosphate, potash, and 
sulfur. Process development work is needed on some problem ores to minimize water consumption. 

As in the case of phosphate, IFDC has also established itself internationally as a leader in the 
technology of identifying nitrogen losses and developing means to curb these losses. Work at IFDC 
has shown that high technology coatings on urea have a good agronomic potential. The results on 
controlling urea dissolution, decreasing nitrogen losses, and increasing plant nitrogen uptak are 
encouraging. However, environmental concerns rather than economic and agronomic efficiencies 
are the factors that should justify the development of these products for general agricultural use 
over the next 10 years. The development of "layered" coatings may also permit the incorporation of 
trace and secondary elements, pesticides, and herbicides in the same granule. 

IFDCis recognized as a basic source of information on the phosphate 
deposits of the world The Center has also established itself 

internationallyas a leader in the technology of identifying nitrogen 
losses and developing means to curb these losses. 

Recent studies on technology have indicated that environmental issues will be of growing con
cern in developing countries in the next decade. IFDC should maintain and expand its capabilities
in pollution measurements as well as control methods and practices to reduce potential hazards. 

New developments in the Center's program should include new fertilizer products and intermedi
ates, biotechnology, and recycling of domestic and agricultural wastes. The focus of agronomic 
research should be expanded to address the issues of the sustainability of crop production, fertilizer 
management, long-term strategies to improve returns to farmers, resource conservation, and en
vironmental concerns. 

Socioeconomic research is needed to effectively identify fertilizer technologies that can increase 
farmers' economic benefits and be adopted to expand crop yields, increase land and labor produc
tivities, promote agricultural development, and generally enhance food production capacity. 
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Technology Transfer 

IFDC should continue its technology transfer activities through its technical assistance and train
ing activities. In implementing technology transfer programs, IFDC should recognize physical, social, 
economic, and political constraints associated with the transfer of technology. 

IFDCshould continue its technology transfer activities through its 
technical assistanceand trainingactivities. In implementing 

technology transferprograms, ILFDC should recognize physica 
socia economic and political constraints associated with the 

transfer of technology. 

Technical Assistance-IFDC should continue to render technical assistance in fertilizer use
 
evaluation, production technology, marketing, and special projects. During the next decade IFDC's
 
fertilizer use evaluaticn activities should concentrate on:
 

1. Identifying regions and/or specific developing countries where inefficient fertilizer use is a key
 
constraint to agricultural development.


2. Developing a multidisciplinary network of highly trained in-country experts capable of assessing

the relevance and relative effectiveness of new or improved fertilizers or fertilization practices.
 

3. Identifying constraints to the introduction of new or modified fertilizer products and practices that 
would increase use effectiveness of fertilizer by the economically disadvantaged farmers; provid
ing oolicymakers with informqt'on on the advantage of new or modified fertilizers or fertilization 
practices. 

4. Developing close working links with the ferlilizer programs of the other international institutions 
including the international agricultural research centers (IARCs), as well as U.N. organizations; 
cooperating with these organizations in specific country activ;ies to execute action plans. 

The goal of IFDC production technology projects is to assist the developing countries in proper 
selection of production technology, startup, and efficient operation of production facilities. To achieve 
this goal, IFDC should serve as engineering advisor on a variety of projects; assist in resolving
technical problems arising from modification in improvements of plant operations, raising plant ca
pacity, improving pollution control efforts, reducing energy consumption, and plant maintenance;
and develop cost estimates of establishing fertilizer plants of different capacities in different situation 
such as fluid or dry straight fertilizers as well as chemically or physically combined mixtures. 

The goal of IFDC's fertilizer marketing program is to establish sound marketing systems in de
veloping countries and to facilitate improvements in existing systems to ensure that the farmers 
receive timely deliveries of recommendea fertilizer products at an attractive price. Toward the fulfill
ment of this goal, IFDC should (1)provide assistance in fertilizer policy development and marketing 
system improvement; (2) provide guidance on the status and applicability of physical and chemical 
mixtures (fluid and/or dry) to developing countries; (3) revitalize and expand the Center's marketing
information services program; (4) assess deficiencies in marke'ing systems in selected developing 
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countries and recommend action plans for improvement; (5)develop guidelines on fertilizer market
ing costs; (6)promote efficient and balanced use of NPK fertilizers; airi-] M aid in the evaluation of 
the market potential for various products and practices. 

The transfer of technology to developing countries involves the 
transfer of skills, and the most effective means of building the human 

resource capability of the developing ccuntries is through training. 
Changes that are taking place in developing-country agriculture 

necessitate shifts in the focus and technical content 
of trainingprograms to be offered 

Training-The transfer of technology to developing countries involves the transfer of skills, and 
the most effective means of building the human resource capability of the developing countries is 
through training. Changes that are taking place in developing-country agriculture necessitate shifts 
in the focus and technical content of training programs to be offered. Another shift taking place is 
the need for specific and sharply focused programs rather than general programs. Computer-based 
analysis and simulations, ecor, ietric models, environmental and pollution issues, and the effects 
of government policies of the fertilizer sector are some of the new areas that IFDC tr3ining pro
grams should address during the next decade. 

Regional Priorities 

Asia-IFDC's emphasis in Asia should be to initiate policy research to (1)provide decisionmakers 
with information about the potential impact of alternative means of reducing subsidies; (2)continue 
technology transfer in artilizer production and marketing to improve efficienc~es and lower costs; 
(3)further adaptive research for the introduction of urea deep placement for wetland rice and move 
to the introduction of the practice in appropriate areas; (4)assist national scientists in delineating 
fertilizer nutrient requirements and economically efficient sources and fertilizer management; (5)pro
vide technical assistance ir. formulating and economically producing desirabie fertilizer grades; 
(6)initiate research on crops other than rice and wheat that are consistent with national priorities to 
diversify and upgrade the national diet and increase foreign exchange savings and farmers' income; 
and (7)identify issues and conduct research that will lead to an environmentally safe ard economi
cally sustainable agriculture-

Latin America-IFDC's research priorities in Latin America should be to (1)continue the pro
gram of identification, quantification, and determination of economic potential of phosphate rocks in 
the region and expand this activity to include indigenous sources of energy, potash, and 
micronuirients; (2) initiate nitrogen efficiency research with emphasis on rainfed rice and upland 
crops; (3)pursue technical assistance activities aimed at improving the efficiency of fertilizer produc
tion and marketing systems in the region; (,4) initiate research on fertilizer use technologies fur 
selected export crops; and (5)initiate analysis of fe.tilizer-related public policies and a sludy of the 
socioeconomic constraints to fertilizer use. 
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Sub-Saharan Afriea-IFDC's research priorities in sub-Saharan Africa should be to(1)initiate a program of identification, quantification, determination of economic potential, anddocumentation of agrominerals in the region with initial emphasis on phospnate rocks; (2)initiate
and continue agronomic research as a part of overall regional network for fertilizer evaluation todelineate the effects of fertilizer nutrients on local food crop production; (3)continue socioeconomicresearch to better identify the constraints to fertilizer adoption and assess government policy measures that would effectively remove these constraints; (4)initiate socioeconomic research to assessthe role of women relative to the fertilizer Sector; (5)evaluate the role and economics of varikus
supply options in meeting the fertilize: needs of the region; (6)intensify technology transfer efforts;and (7)identify countries that have the potential to increase the use of fertilizers in significant quan
tities over the next decade. 

The Middle East and North Africa-IFDC's emphasis in the Middle East and North Africa
should be to (1)develop agronomic research programs to better identify nitrogen, phosphorus, andpotassium relationships and their impact on crop production in the region; (2)conduct a comprehensive study oi the fertilizer and agriculture sectors in the region; (3)identify problems hindering
the development of fertilizer recommendations and their transfer; (4)assess and document in the raw material database the agrominerals indigenous to the region; and (5)identify issues and conduct research that will result in an environmentally safe and sustainable agriculture. 

The most valuable product of IFDCis information, but its full 
impact can only be realized if it is well disseminated 

While IFDChas been relatively successful in disseminating
results of research, this activity should be strengthened 

during the next decade 

Information Dissemination 

The most valuable product of IFDC is iniormation, but its full impact can only be realized if it iswell disseminated. While IFDC has beer, relatively successful in disseminating results of research,this activity should be strengthened during the next decade. IFDC should keep abreast of the rapidtechnological advances being achieved in international communications and take measures to ensure that it serves as a model to developing countries on ways to access, analyze, and disseminateinformation on fertilizer. In addition, more emphasis should be placed on producing technical bulle
tins as a means of communicating research results. As a contributor to the Compact AgriculturalResearch Library being developed by the Consultative Group on International Agricultural Researchsystem, IFDC should ensure the permanent preservation, increased international awareness, andguaranteed availability of its publications in developing countires. 
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Organization Development 

The highlight of the Report's recommendations regarding organization development was that the 
multidisciplinary task team aoproach to problem solving should be revitalized. This would facilitate 
the interaction of such disciplines as soil scientists, agronomists, engineers, chemists, economists, 
and sociologists in the total fabric of research and development activities. It would also promote the 
progression of an idp:; through research and development, evaluation, and introduction. In addition, 
it would foster the trarser of technology to the developing countries involving fertilizer produc
tion/use, marketing/distribution, and training. 

Linkages 

In the next 10 years, the existing collaboration between national institutions, other IARCs, various 
U.N. organizations, and IFDC should be strengthened. New ties with other institutions should be 
established, particularly as related to introducing and evaluating new and existing fertilizer technolo
gy and fertilization practices. 

Conclusion 

This Plan should be viewed as a general guide to orient the future direction of FDC's efforts in 
research, technology transfer, training, and related activities. Detailed plans involving an update of 
this document; based on expected funding, will be prepared every 2 years. Biennial internal and 
quinquennial external reviews of ongoing programs are re ,ommended to ensure that IFDC is ad
dressing the needs of target beneficiaries in developing countries. 

F/
 

/ /; -" I 

9,' i .: .
 

7 



Impacting the African Agricultural Scene
 

7h role of women in 
African ,4gricultr,, is 

uery inportnt. 

At present Africa's population is increasing 
at a rate of 3% per year. Approximately 75% 
of the people of tropical Africa live in rural 
areas and are dependent on agriculture for 
their livelihood. 

Even with this strong rural orientation, agri-
culture in sub-Saharan Africa is not keeping 
pace in supplying the needs of a rapidly ex-
panding popuiation. Food production is in-
creasing at a rate of only 2% per year. 
Therefore, this results in a decline of 1% in 
per capita food production. If these trends 
continue, tropical Africa could be producing 
only 750/ of its food requirements by the year
2000. 

The challenges facing African farmers are 
varied and numerous Not only must they bat-
tie against harsh environmental conditions 
such as drought as well as contend with dis-
eases and insects that attack their food crops 
b',t also they must cope witlr infrastructural 
weaknesses that create uncertainties as to 
their ability to receive inputs on time or sell 
the farm's producis at fair prices. Most of Afri-
ca's soils are highly weathered and leached 
and low in organic matter and plant nutrients. 
As a result, fertility is Icv,and erosion and 

desertification have accelerated. Compounding 
these problems is a low level of fertilizer use. 
Most African farmers are unaware of how fer
tilizer use can increase crop yields because 
they have little or no access to fertilizer. Tropi
cal Africa uses only 7 kg/ha of fertilizer; Latin 
America uses almost 5 times as much; and 
Asia uses more than 11 times as much. 

To help improvo the fertility of the soils and, 
thus, to help get agriculture moving in tropical 
Africa, IFDC in 1987 established a regional
base in Togo, West Africa. !FDC's approach in 
West Africa relies on a high level of coopera
tion and collabcration with national research 
programs. During 1987 eight West African 
countries were visited to obtain firsthand 
knowledge on the needs of national institu
tions in relation to fertilizer sector 
development. 

The particular challenges facing African na
tional research programs were highlighted as 
well as the constraints that make p.,ogreso so 
difficult. To meet the spE.6Jial needs Df these 
countries, responses in these three areas must 
be Made: 
1. Sustained research attention to food crops. 
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2. 	Training ot Africans as fertilizer sector 
specialists to serve the national research 
marketing or extension activities. 

3. 	 The availability of financial resources to de-
velop national research or extension capaci-
ties thereby allowing the development and 
transfer of fertilizer technologies to the over
whelming majority of resource-poor family 
farms. 

From its West African vantage point, IFDC 
will conduct a range of fertilizer research, 
training, and technical assistance activities 
tailored to serve the special needs of this 
region. IFDC's staff in West Africa have mount-
ed 	applied research and training programs in-
volving the exploration and development of 
indigenous resources, efficient fertilizer use, 
and effective policy formulation. In addition, 
the West Africa Division is assisting its target
countries in establishing effective lines of com-
munication among researchers, marketing 
agencies, extension workers and farmers in re-
lation to fertilizer use for cop production. This 
regional base serves as the hub for fertilizer-
related research activities in the West African 
region of the sub-Sahara. Data generaied 
through research networks will be processed, 
analyzed, and maintained in interactive data-
bases accessible to national 
collaborators. 

The training programs of the 
West Africa office will be an 
important resource in meeting 
the human resource require
ments of the region. It is 
projected that for the sub-
Sahara as many as 1,000 new 
scientific, technical, and 
management positions will 
need to be filled each year 
over the next 20 years. Most of 
these positions will deal direct
ly with fertilizer and will apply 
directlydirectly to the problems facingtoc tultimate 
West Africa. 

Unbiased and informed tech-
nical assistance can be of 
tremendous value in develop
ing the national fertilizer sec
tors of sub-Saharan Africa. On 
a cost-reimbursement basis, 
the staff of the West Africa Di
vision wiI provide assistance 
to national programs and 
donor organizations on least

cost strategies to deliver fertilizer to the farm 
level. Technical services in the areas of en
gineering, marketing and distribution, agrono
my, and fertilizer sector development will be 
provided to the countries of the region. 

Fron its West African vantage point, IFDC will 
co mdt s ra e A fr i zer rseae p o n it, and 

conduct a range of fertilizer research, training, and 
technical assistanceactivities tailored to serve the 
special needs of this region. IFDC's staff in West 

Africa have nounted applied research and training 
programs involving the exploration and development of 

indigenous resotrces, efficient fertilizer use, and 

effective policy formulation. 

This regional division is an integral part of 
the overall IFDC organization. Its training, 
laboratory, greenhouse, office, and pilot-plant 
facilities will be designed to complement the 
fi ilities available at Headquarters, which will 
also provide important technical and adminis
trative support to the West Africa Division. 

Accomplishing the goals of the West Africa 
Division will be made much easier due to the 

This 'Jbgolese market 
Scene represents the

goal of 

IFDCs work in 
Africa. 
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-ResearchActivities 
an vlaio ewr 

Evaluation NetworkWest African Fertilizer Management 

t2 Since the West Affhcan Fertiiizer Manage
ment and Evaluation Network (WAFMEN) was 
established in 1982, it has expanded both in 
scope of work and the number of participating 

'A -nations. During 1987 institutions in 14 coun
/ itries 

. 
/ .Cameroon) 

1 I,,., / v, existence of a wealth of agrornineral resources(right). ( iiitir ,q"
inthe region that can be used to produce fer-Aglr,nfmic iwrch,te, 

/I.lr-Iir~*, lt. tilizers. About 20 sub-Saharan countries nave 
,ci,,,..s,,,c, 

ari,, f,,m , .';t,, 
(.grculturait, 

phosphate deposis, 10 have natural gas, and 
others have potash and sulfur that can be
used to produce a range of fertilizers. 

Br ,a,,u,, .- As the African people chart a new courseI!r/raug 15w. A te frca 

1UccilU1t Ofwtfor their agriculture sectors, they realize that
Pa,,,
A,c,,, Iri.,.' necessary advances will require investments in

irrigation, fertilizer, improved seeds, research, 
training, and extension services. IFDC stands 
ready to assist the African people in charting 
this new course by supplying fertilizer and soil 
fertility eypertise and information. Through its 
activities in research, technical assistance, and 
training, IFDC continues to impact the African 
agricultural scene. 

As the African people chart a neu,course for their
agriculturesectors, they realize that necessary ad-

uances will require inuestments in irrigation,fertilizer; 
improued seeds, research, training,, and extension 
seruices. JFDC'stnlds ready to aissist the Africanl 

people in charting this nzeit,nxewrcsecourse 1, supplying fer-fer-on.pole ind soiha erti t bd sping 

tilizer and soil fertility expertise and information, 


(S riegal, Gambia, Guinee, Mali, Sierra 
Leone, Liberia, C6te d'lvoire, Burkina Faso, 
Ghana, Togo, Benin, Niger, Nigeria, and 

actively participated in the 
research activities of the Network. WAFMEN 
has indeed become a cornerstone upon which 
th3 agronomic program of the newly estab
lished ;FDC-West Africa Division has been 
built. It has become a powerful tool allowing 
the coordinated testing of research concepts
and specific products across the diverse 
agroclimatic zones of West Africa. 

WAFAEN Fifth mnnual Workshop 

Early in 1987 the members of this network 
met in Lome, Togo, to discuss the past sea
son's results and to plan for the 1987 season. 
Organized jointly by the Ministry of Rural De
velopmen, Republic of Togo, and IFDC, with 
support from the International Development 
Research Centre (IDRC), the meeting brought 
together 42 delegates from 15 West African 
nations. The network continues to expand; 
every nation in continental West Africa from 
Senegal to Cameroon is now a member of the 
Network. 

The WAFMEN Workshop deliberations 
focused on the extreme fragility of West African 
soils and the need to adapt technology devel
oped through agricultural research to fit the
needs of the African environment. The dele
gates recognize that only the development of 
these technologies arid their widespread 
implementation will allow true progress to be 
achieved in the fight against underdevelopment.

After individual presentations of researchresults, general discussions were held among 
the member delegates concerning problems 

encountered in the past season and possible 
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new directions for research. Significant interest 
was created by research results showing a sig-
nificant positive effect of organic materials in-
cluding crop residue incorporation on crop 
response to fertilizer application. Optimal crop 
residue management will become critical to 
establishing and maintaining high fertility of 
the fragile soils of West Africa. Studies of its 
effect on long-term crop yields in coordination 
with fertilizer use were therefore incorporated 
into the trials of several programs. 

Many of the soils of West Africa generally 
have low phosphate fixation capacity, and 
therefore phosphate fertilization can have a 
positive effect on yields for several years after 
the season of initial applicator,. Thus, the eco-
nomic benefit of phosphate fertilizer can 
spread over a number of years. This important 
aspect of phosphate fertilizer economy and 
use is being studied by most collaborators wi-
thin the network. Data gained from a variety of 
phosphate materials including phosphate ores 
from West Africa will provide valuable informa
tiur, regarding the long-term benefits of -,hos-
phate use to the farmer. 

It was decided that the nitrogen program 
should continue its emphasis on optimizing 
the efficiency of fertilizer urea. Urea dominates 
the market of the West African Network be
cause of its high analysis and dorninance in 
world trade. However, the efficiency of various 
forms of nitrogen, particularly urea, varies 
greatly depending on how and when these 
forms are applied to the soil as well as upon 
the rainfall patterns during the growing sea-
son. Network trials, some employing the iso-
tope 15N, will continue to focus on optimizing 
nitrogen management to obtain maximum effi
ciency. Data collected in these trials will be 
used as a basis to establish a maize/nitrogen
modeling program designed to understand and 
predict nitrogen fertilizer response across the 
West Africa region. 

Nitrogen Research-
Experimental Station 

During 1987 WAFMEN research on nitrogen 
continued to focus on the assessment of the 
primary food crops' requirements of this 
nutrient, the appropriate fertihzer sources to be 
used to meet these requirements, and the 
management practices that can be adopted by 
the farmer to improve the use efficiency of ap
plied nitrogen fertilizers. Results from Network 

The West African FertilizerManagement and
 
Evaluation Network has become a powerful tool
 

allowing the coordinated testing of research concepts 
and specific products across the diverse agroclimatic 

zones of Vest Africa. 

collaborators during 1987 showed that maize 
on the average required 120 kg nitrogen/ha ir, 
the humid zone and 80 kg nitrogen/ha in the 
subhumid zone for optimum growth. At these 
rates, a farmer would expect a yield increase 
of 15 kg of grain in the humid zone and 19.3 
kg of grain in the subhumid zone for each kilo
gram of nitrogen applied. In the drier regions, 
50 kg nitrogen/ha was optimal for sorghum, 
and the application of this nitrogen rate would 
produce an increase of 20 kg of grain per kilo
gram of nitrogen applied (Figure 1). 
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Figure 1. Average Response unctions for Nitrogen Fer 

Results of trials frorn all ecological zones 
showed that broadcast and incorporated urea 
was as efficient as banding and the more 
labor-intensive method of point placement. 
However, for the most efficient use, nitrogen
must be split-applied, regardless of the 
method of application. Previous trials on sandy 
soils of Niger have shown that spkstantial 
losses occur when urea is point placed. Dur
ing 1987 a trial comparing the performance of 
point-placed calcium ammonium nitrate (CAN), 
ammonium sulfate, and urea showed a superi
or performance for point-placed CAN. 
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AI"glcl. fo ,onr Phosphate Research--
h ar',' ic o..tlav ' xperim ental Station 
.1,fric ' f , ,sain! 
,tiu,. ,,,, ri,, ,,il Use of conventional, water-soluble phos-

,,,,,e.
2U phate fertilizers sucn as single super-
phosphate (SSP) and triple superphosphate 
(TSP) by the subsistence farmers in sub-
Saharan Africa has been limited primarily due 
to the high cost of these fertilizers. The 
primary goal of IFDC's phosphate research in 
sub-Saharan Africa has been to find the most 
cost-effective ways to use the phosphate rocks 
that are indigenous to the region. Direct appli-
cation of indigenous, finely ground phosphate 
rock has been tested and used on some tropi-
cal soils because of low(.- capital investmentand production cost. Howe , r, direct applica-....andprducio dret aplcacst.Ho~~r 
tion of phosphate rock with low reactivity does 
not always give satisfactory results, especially 
if used for short-term crops, e.g., maize, 
beans, and potatoes. Partial acidulation of 
phosphate rock represents an alternative 
means of using indigenous resources that can 
approach or equal the agronomic effectiveness 
of TSP and SSP in certain tropical soils and 

The primarly gnt of' IFJCs phosphate research in sub-
SaharanAfrica has been to find the most cost-effective 
iuays t9 tise the phzosphte rocks that are inidigenous 


to the region. 

crops. Agronomic trials are being conducted in 
countries of the sub-Saharan region to 

compare the performance of the more promis
ing finely ground phosphate rocks such as Ta
houa phosphate rock (Niger) and Tilemsi 
Valley phosphate rock (Mali) and the partially 
acidulated forms of the less reactive phos
phate rocks such as Togo phosphate rock, 
Kodjari phosphate rock (Burkina Faso), and 
Parc W phosphate rock (Niger) with the 
superphosphates.

During 1987 long-term trials established 
since 1982 continued to provide valuable inior
rnation on the residual effects of different 
phosphate fertilizers. For example, data shown 
in Table 1 from the work in Niger indicate that 

of small doses of phosphate fertilizer,including phosphate rock, can result in a 
gradual buildup of the phosphorus fertility ofthe soils. One way to take advantage of the
good residual effectiveness of phosphate fer
tilizers in these soils is to devise a cropping
system that would require a single application 

rpesp

of phosphate fertilizers for a number of crops 
or for a given rotation. In1984 different raLes
 
of phosphate fertilizers were applied to a field 
at Gobery in Niger and subsequently cropped 
for 4 years. In 1987 the yield from the applica
tion of 90 kg P20 5/ha as SSP was still four 
times higher than the control treatment. 

Table 1. 
Available Phosphorus (ppm Bray P1) in Gobery Soil After Annu
alFertilizer Additions Followed by Cropping to Millet 

Available Phosphorus 

Source/Application Rate 90 kg P20,/ha 160 kg P2,).,/ha.. 
(ppm) ....................
................... 


Pare Wphosphate rock 3.33 4.57 
5006 Parc W PAPRssP 4.62

5.64 8.05
11.11 

TSP 5.29 10.28 
Control 2.24 2.24 

In the Ultisols results of trials conducted in 
Sierra Leone, Nigeria, and Cameroon showed 
that maize responded significantly to both SSP 
and 50% partially acidulated Togo phosphaterock with SSP being superior to PAPR. Soil 
acidity was identified as a major problem limit
ing yields in the Ultisols. The relative agro
nomic effectiveness (RAE) of 50% Togo PAPR 
compared to SSP in trials at Sierra Leone anoNigeria was 6 6% and 67%, respectively. 

Results of trials conducted in Oxisols and 
Alfisols showed that maize and sorghum 
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responded positively to additions of PAPR 
made from such unreactive rocks as the Togo 
phosphate rock and Kodjari phosphate rock. 
Figure 2 illustrates the performance of 50% 
partially acidulated Togo phosphate rock at 
Amoutchou in Tooo. Similar strong perfor-
mances were shown by 50 0/6 partially acidulat-
ed Kodjari phosphate rock with maize (RAE 
900/o) and with sorghum (RAE 74%) in Bur-
kina Faso. 

Recent field trials conducted in Niger and 
Gambia, however, showed that PAPR prepared 
from phosphate rocks containing high !evels of 
aluminum oxide and iron oxide was not as ef-
fective as SSP and TSP and sometimes was 
even less effective than the finely ground 
phosphate rocks (Figure 3). These priosphate 
rocks were identified as Kodjari rock from Bur-
kina Faso, Tilemsi Valley rocK from Mali, and 

Tahoua rock from Niger. 
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Figure 3. Grain Yield of Maiz' Obtained With SSP, 

Finely Ground Tahoua Phospflnt flock, and 
G;ranular 'I'ahuua PAPR-50 (Sulfuric Acid) at 

obery, Niger. 

To understand more about the detrimental 
effect of aluminum and iron oxide content on 
the agronomic effectiveness of PAPR, IFDC's 
soil scientists and chemical engineers at 
Headquarters launched a comprehensive 
study in 1987 using several phosphate rocks 
from West Africa. During the investigation, the 
IFDC-developed single-step PAPR process was 
modified by adding a cooler, whereby ambient 
air was used to cool the hot PAPR materials 
coming out of the dryer. It was found that this 
modification whicn provided an immediate 
cooling effect reduced the reveision of water-
soluble phosphorus to water-insoluble phos-
phorus during aging for those PAPR products 
prepared from rocks with high contents of 
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Figure 2. Effect of Phosphorus Fertilizers on Yield of Maize at Amoutchou, Togo 

aluminum and iron oxide. However, even with 

the cooling process, it was found that water 
solubilities of the PAPR products made from 
phosphate rocks with high contents of alumi

and iron oxide were lower than those 
low contents of these elements. The effect 

was more pronounced at 500/o acidulation than 
at 30% acidulation; presumably the presence 
of sulfuric acid caused more aluminum and
iron oxide to react with water-soluble phospho

rus to form water-insoluble phosphorus such 
as aluminum phosphates and iron phosphates. 
Because of the reduction in water-soluble 
phosphorus and total available phosphorus, 
the relative agronomic effectiveness of PAPR 

with respect to SSP was found to decrease 
with increasing aluminum and iron content in 
phosphate rock. The results were consistent 
with the poor performance of PAPR products 
prepared from phosphate rocks with high con
tents of aluminum and iron oxide as observed 
under field conditions in West Africa. Thus, 
phosphate rocks having high contents of alu
minum and iron oxide may not be suitable for 
PAPR production. Alternatively, compacting the 
phosphate rocks having high contents of these 
elements with TSP can produce effective 
PAPR-equivalent products with good physical 
and chemical quality. 
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part of H-7)(", 

(),i.IErm, Iesearch The ultimate goal of WAFMEN is to promote 
i w:pazt On-Farm Research 

i,,,,n;
fr,,.the development of national programs on fer-
tilizer research and extension. Information 
generated for a generalized soil unit or 
agroecological zone through on-station 
research must be adapted to local conditions 
through on-farm evaluation of the package. 
IFDC scientists are developing technologies for 
on-farm testing of fertilizers. Network members 
would then be encouraged to adapt these 
technologies to their specific conditions. 

By 1986 it was felt that the WAFMEN 
research in Niger had developed a fertilizer 
package that could be evaluated under farmer-
operating conditions. Thi-, testing was initiated
during 1986 in the village of Gobery and wascontinued during 1987. 

The primary objective of the tests was to 
evaluate a fertilizer package when used by the 
typical subsistence farmer. Additional objec-tivesrntietratetwere:lw 

tives were: 


The ultimate goal of WA.FMEN is to promote the 
development of nationalprograms on fertilizer 

research and ext?nsion. Information generated for a 
generalized] soil unit or aroecological zone through
gz 

on-station research must be adapted to local conditions 
through on-farm evaluation of the package. IFDC 
scientists are developing technolcgies for on-farm 

testing of fertilizers. 
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1. 	To study the relative efficiency of Parc W 
PAPR compared with SSR 

2. 	To study the effect of placement methods 
on response by millet to phosphate 
fertilizers. 

3. 	To ascertain if the use of urea as a nitrogen 
source would economically enhance the ef
ficiency of phosphate use by millet. 

A group of 19 farmers has been involved in 
the trial; each farmer used four of the treat
ments listed in Table 2. Fertilizers were given 
to the farmers, and they were allowed to plant, 
fertilize, weed, and harvest when they saw fit. 

Table 2.
 
Treatments in Farmers' Tests-rreatments 3, 4, and 5 Were Common
 
to all Farmers. 1986.
 

Phosphate 	 Nitrogen 

P Application Application 
Treatment Source P20 Rate Method NRate Method 

(kg P2O,/ha) (kg N/ha)
 

1 PAPR 30 Broadcast 30 Broadcast 

Incorporated Incorporated 

2 SSP 30 Broadcatl 30 Broadcast 

Incorporated Incorporated 

3 SSP 30 Broadcast None 
Incorporated 

4 SSP 30 Point placed 30 Point placed 

5 Control 

Since the farmers of Gobery generally did
 
not have access to plows, fertilizers could not
 
be deeply incorporated into the soil but were
 
worked in lightly with a hoe at weeding. This
 

was expected to limit phosphate availability asmost of the phosphate would remain in thedrier surface horizons. For this reason, hill
 
placement of phosphate was suggested as
 
one alternative treatment. A shallow hole was
 oe a
 
to be dug near the plant (8-10 cm) with a stickor 	hoe at the time of planting and the phos
phate applied as a point treatment into the 
moist subsoil. Previous field studies have 
shown that urea-nitrogen is very susceptible to 
losses via volatilization. However, laboratory 
studies at IFDC showed a 27% reduction involatilization when urea was mixed with SSP 
and point-placed. This was attributed to the 
acidity of the SSP, which reduced the fertilizer
zone pH, thereby reducing nitrogen losses. 
Thus, both urea and SSP were to be mixedtogether and point placed at planting. This 



treatment was compared with broadcast SSP 
or PAPR plus or minus supplementary 
urea-nitrogen. 

Though no significant difference was noted 
between fertilizer treatments, fertilizer use in
creased yields of millet averaging 250% over 
those of controls. When the SSP plus nitrogen 
and SSP minus nitrogen treatments were com-
pared, it was evident that the use of urea-
nitrogen under farmers' conditions improved 
yields only a slight (18%) but insignificant 
amount. CAN might have been more efficient 
than urea in this regard because it has been 
shown to be more efficiently used by the plant. 
This product, however, is not as easily ob-
tained as urea in Niger. Previous studies have 
shown that the nitrogen requirement of millet 
is highly correlated with total rainfall received. 
The rainfall amounts of 1986 and 1987 were 
very close to the average expected for the 
Gobery region indicating that, in an average 
year, the use of urea would probably not be an 
economically viable practice. Crop density did 
not significantly affect nitrogen use effiuiiency. 
No significant effect of point placement of 
phosphate and nitrogen was found. 

The comparison of SSP and PAPR showed 
that both performed equally indicating that 
PAPR from the local Parc W phosphate rock 
may be substituted for commercially available 
phosphate sources without expectation of any 
yield reduction in a normal farm situation. 

Low planting density is generally associated 
with risk aversion; the farmers equate low 
plant population with lowered water use. 
Although the nationally recommended plant 
density is 30,000 plants/ha, most farmers em-
ployed much lower densities in these experi-
ments ranging from 2,400 to 37,500 plants/ha 
(average 13,800 plants/ha). This density factor 
was shown to have a strong effect on the 
yields obtained by the farmer as well as the 
response of millet to fertilizer. In the absence 
of fertilizer, control yields were generally un.. 
affected by density except at a very low plant 
population of less than 7,500 plants/ha (Table 
3). However, the yields obtained with fertilizer 
application were greatly improved as cropping 
density was increased. Thus, the benefit of 
fertilizer application increased in a like manner 
such that a farmer employing high-density 
planting would have received twice the benefit 
from his fertilizer input as would someone 
using a lower plant population. 

To promote the sustainabilityof soil fertility, it is also 
critical to understand the long-term fertility 

requirements of soil-crop systems. Long-term soil 

fertility studies involving use of fertilizers, lime, crop 
residues, nanures, secondary and micronutrientshave 
been initiated in the primary agroecologicalzones of 

West Africa. 

Table 3. 

Millet Yield and Crop Response in Farmer's Trials as Affected
 
by Cropping Density and Fertilizer Use, Gobery, Niger, 1986/87
 

(1) (2) Yield Bdneflt 
Yield Average Yield to Fertilizer
 

Density Control Fertilizer Plots Use .(2-.1)
 

(plants/ha) (kg/ha) (kg/ha) (kg/ha) 

-8.000 326 1,257 931 

6,000-8,000 426 1,044 618
 
1,0006,000 433 912 480
 
2,500-4.000 252 587 335
 
.2,500 97 493 396 

During a normal growing season in Niger, 
frequent dry periods can occur causing severe 
moisture stress that could kill the less hardy 
plants. It is important therefore to note the 
strong effect of fertilizer use on plant survival 
over a complete growing season. Although 
each farmer had planted all four of his treat
ments at the same plant density, it was found 
that the average density at harvest was almost 
50% higher in the plots that had received fer
tilizer than in the controls (average of 15,120 
plants versus 10,170 plants/ha, respectively). It 
is speculated that the fertilizers had helped 
the young plants become quickly and 
vigorously established thereby helping them 
survive the rigors of the climate of Niger. 

This study has shown that the farmer could 
benefit greatly from the use of fertilizer. 
However, it also indicates that farm manage
ment, particularly choice of plant density, can 
have a very significant effect on fertilizer use 
efficiency and benefits derived from the use of 
fertilizers. 

To promote the sustainability of soil fertility, 
it is also critical to understand the long-term 
fertility requirements of soil-crop systems. 
Long-term soil fertility studios involving use of 
fertilizers, lime, crop residues, manures, secon
dary and micronutrients have been initiated in 
the primary agroecological zones of West 
Africa. 

15 



During 1987 the Sulfur-Program continued to 

participatein WAFVIEN. A total of eight experiments 
were carriedout at six sites in Nige; Burkina Faso 

and Togo. 

The results of the first year of a long-term 
trial showed that in the humid and subhumid 
zones of Togo, nitrogen and phosphorus were 
the key nutrients required by the crops. Use of 
10 tonnes of manure per hectare fared little 
better than the control treatment. These 
results are in contrast with a similar experi-
ment conducted earlier on the very sandy soils 
of Niger, at Sadore which showed that 10 
tonnes of manure/ha outyielded the NPK treat-
ment by 25%. Also in this ecosystem, the use 
of crop residues alone at the rate of 2 
tonnes/ha was 82% as productive as the use 
of an NPK fertilizer. 

Sulfur Research 

Experimeltal Slation 
During 1987 the Sulfur Program continued to 

participate in WAFMEN. A total of eight experi-
ments were carried out at six sites in Niger,
Burkina Faso, and Togo. Six of these trials are 
on-going sulfur experiments designed to study 
the relative efficiency and residual value of 
sulfate and elemental sulfur sources for 
cereals (millet, sorghum, and maize) in a 
range of agroclimatic conditions. Two of the tri-
als (one in Niger and one in Togo) actually 
comprised sulfur treatments incorporated into 
existing phosphate trials for the purpose of ex-
amining the effect of phosphate fertilizer on 
sulfur fertilizer movement in the sc profile. 
These latter experiments as well as three of 
the sulfur fertili7er source experiments utilize 
35S-labeled materials to help quantify sulfur 
fertilizer recovery by crops and its fate in the 
soil. 

The three sulfur fertilizer source trials in 
Niger were adversely affected by drought in 
1987 and did not respond to fertilizers. The re-
maining trials with maize in Burkina Faso and 
Togo gave maximum responses to sulfur fer-
tilizers ranging from 32% to 62% (Table 4). 

Table 4.Maximum Grain Yield Responses to Sulfur Fertilizers in West 

Africa (1987 Season) 

Sulfur Farako-ba Sarakawa Amoutchou 

Source Burkina Faso 
(kg/ha) 

Togo 
(kg/ha) 

Togo 

(kg/ha) 

Control 2,478 1,426 1,461 
Sulfatic 3,538 2.215 2,055 
Elemental 3,,59 2,309 2,310 

Figure 4 illustrates maize grain responses in 
1985, 1986, and 1987 to sulfur from elemental 
sulfur and phosphogypsum applied to an ex
periment in Togo in 1985. The initial superior 
response to gypsum in 1985 has given way to 
a more sustained response from residual 
elemental sulfur in subsequent years. In 
another experiment in Togo, established in 
1987, linear responses by maize to sulfur were 
obtained from elemental sulfur cogranulated 
TSP (SGTSP) and single superphosphate 
(SSP) up to the highest sulfur rate applied (40
kg/ha. Figure 5.) Here, the granulated elernen
tal sulfur source was marginally superior to 
the sulfate source from the onset. 

The poorer residual performance of sulfate 
sources is probably explained by the strong 
susceptibility to leaching in the coarse-textured 
soils such as those found in much of West 
Africa. The soil profile distribution of 35S from 
sulfate fertilizer sources in experimeots con
ducted in Niger and Togo confirms a consider
able downward mobility of sulfate in these 
soils. In contrast, considerably less sulfate was 
derived from elemental sulfur sources and was 
found almost entirely within 30 cm of the soil 
surface. 

Since phosphate competes strongly with sul
fate for the same adsorption sites on soil col
loids, application of phosphate fertiiizer may
enhance leaching losses of sulfur from sulfate. 
Experiments were conducted to examine the 
effect of phosphate levels (either contrasting 
current rates or contrasting histories of phos
phate application) on sulfate leaching in two 
rainfall environments. Sulfate from SSP incor
porated to 10-cm depth in Niger (640 mm rain
fall) had moved well into the soil profile by 
harvest; however, the depth ard amount of sul
fate moved were not significantly affected by
phosphate fertilizer rate. In Togo (1,500 mm 
rainfall), the distribution of srtilizer-derived sul
fate in the soil profile was not affected by the 
higher phosphate status of treatments 
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Figure -1. Maize Grain Re!;ponses to Sulfur From Elemental Sulfur and Phosphogypsum (logo, l98,--7). 

2,500 , SSP and 9% from SGTSP, despite greater 
leaching of SSP into the soil profile. It seems 
that spatial availability of SSP was increased. 
In another experiment in a drier environment, 

2,00 
y ;recovery by millet tops of sulfur from SSP wasonly 6% of that applied. These data, together

with a similar observation of sulfur recovered 

from gypsum in a 1985 trial with millet, indi
cate poor recovery of fertilizer sulfur by crops 

1,500. grown in this region. Questions which must be 
addressed in future experiments include: 
a. Are fertilizer sulfur recoveries similarly low 

at lower rates of sulfur application? 
b. To what degree is residual fertilizer sulfur 

10 0 10 20 30 40 recovered by subsequent crops? 
S Rate, Kg/ha c. How can sulfur recovery be improved? 

Figure 5. 	 Maize lesponse to Sulfur From Elemental 
Sulfur Cogranulated '[SI and .1SP (logo, 
1987). 

receiving 80 kg P20 5 ha annually in contrast tc 
those receiving 80 kg P2O/ha once only in 
1983. These preliminary results suggest that 
phosphate applied at optimal rates has little ef- Incorporationof elemental sulfur into fertilizer such as 
fect on sulfate leaching under field conditions. urea, TSP or DAP is a possible means of supplying a 

Fertilizer sulfur recovery in plant top growth crop's sulfur requirements in a high-analysisproduct 
was estimated in two 3S experiments conduct- as wLell as a convenient method of applying the rela
ed in Niger in 1986. In one trial total top tively low rates of sulfur usually requiredfrom an 
growth of sorghum responded equally well to otherwise highly concentrated source. 
sulfur from SSP and SGTSP although recovery 
of fertilizer sulfur was approximately 25% from 
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Oxidation of Elemental Sulfur in 

Multinutrient Fertilizers-

HcadquartersResearch 


Incorporation of elemental sulfur into fertiliz-
ers such as urea. TSP, or diammonium phos-
phate (DAP) is a possible means of supplying 
a crop's sulfur requirements in a high-analysis 
product as well as a convenient method of 
applying the relatively low rates of sulfur 
usually required from an otherwise highly con-
centrated (straight-grade elemental) source. 
Elemental sulfur, however, must 'oe oxidized to 
sulfate to be absorbed by plant roots. During
1986 and 1987 we examined factors affecting 
the rate of oxidation of elemental sulfur in mul-
tinuirient fertilizers. Headquarters greenhouse 
experin enis were conducted in which elemen-
tal sulfur was applied separately from or in

combination with nitrogen and phosphate 

sources. It was observed that oxidation was 

enhanced when sulfur was applied in cambi-
nation with nitrogen or, especially, phosphate
fertilizer, 

Oxidation of elemental sulfur may also be 

affected by the degree of dispersion of fine 

sulfur particles in the soil. At 
a given sulfur 
rate, the degree of dispersion is inversely relat-
ed to the granule size of sulfur-containing mul-
tinutrient fertilizer. An experiment was therefore 
conducted to examine the effect of granule

size of SGTSP on sulfur oxidation. SGTSP
 
(16.2% elemental sulfur). screened to four 

granule size fractions, and SSP, both labeled 
with 35S. were applied at four rates of sulfur to 
a fine sandy loam soil and cropped with wheat 
that was allowed to grow to maturity. Both 
yields and fertilizer sulfur uptake were strongly 
dependent on granule size. Onsize (-6 +9 
Tyler mesh) SGTSP was much less effective 
than SSP of similar granule size despite the 
finely divided state of sulfur in the SGTSP 
granule. This result contrasts sharply with field 
results with maize and sorghum in West Africa 
where SGTSP and SSP have produced similar 
yield responses at the rates of sulfur applied
(see above). A possible explanation may be 
the longer duration of the crop and the higher 
soil temperatures under tropical field condi-
tions, which may have enhanced sulfur oxida-
tion and SGTSP efficiency. 

Effect of PhosphateFertilizerPlacement and 
Sulfur-Form on Sulfur Leaching-
HeadquartersResearch 

To further assess the significance of sulfur 
leaching losses associated with phosphate ap
plications, a Headquarters greenhouse 
lysimeter experiment was co;iducted in which 
recovery and leaching losses of suffur from 
soil and (35S labeled) sulfur fertilizer were 
compared from different sources (SSP and 
SGTSP) applied using different methods 
(broadcast-inccrporated and banded). Prelimi
nary analysis of the data indicates that the 
total amount of (soil) sulfate leached is similar 
whether TSP is incorporated or banded. This 
result supports the field observations in West 
Africa that phosphate fertiiizer at practical 
rates of application do not enhance sulfate 
leaching losses. Considerably more sulfate 
was leached from SSP applications, presuma
bly sulfate originating from the SSP. However, 
the amount leached was reduced when SSP 
was banded, suggesting that banding reduces 
the rate of sulfate dissolution from SSP rather 
than its adsorption onto soil colloids. As ob
served in field experiments, leaching of sullate 
derived from incorporated SGTSP was negligi
ble in comparison to SSR 

Economics Research 

Eualuation of FertilizerProducts
 
and Practices
 

Results of field experiments conducted in 
1985 and 1986 were used to study the eco
nomic potential of alternative fertilizer products 
and methods of application to supply nitrogen 
and phe,sphorus to maize in Nigeria and Togo
and to millet and sorghum in Niger. Fertilizer 
response function estimates and current crop 
and fertilizer prices were used to calculate the 
fertilizer rates that maximize profits and the 
associated added returns, costs, and 
value:cost ratios for each fertilizer use technol
ogy. To evaluate phosphate fertilizers the anal
ysis was expanded to include the benefits of 
residual effects of these fertilizers on crop
yields in the second and, in some cases, the 
third crop period after the fertilizer application.

Nitrogen Fertilizers-Urea, ammoniurn sul
fate, CAN, and urea supergranules (USG) were 
evaluated as alternative sources of nitrogen. 
Because of the important influence of climatic 
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factors on the agronomic effectiveness of nitro- a. Results on Maize 
gen fertilizers, this analysis was based on The results of this evaluation can be sum
response function estirates representative oi mariz~d as follows: 
the humid, subhumid, and semiarid regions. 1. Sierra Leone-SSP and Togo PAPR50 

Estimates of added returns, costs, and 
value:cost ratios obtained to evaluate nitroge.i 
fertilizers and methods of application for maize 

(% acidulation) were the most profitable 
sources of phosphorus. The profitability of 
Togo ground phosphate rock is enhanced 

in the humid and subhumtd iegions and for 
millet and sorghum in the sem;iarid region indi-

by the benefits of residual effects. Higher 
value:cost ratios resulting from the residu

cate the following: al effects of ground phosphate rock on 
1. Split application of nitrogen fertilizer was the crop yields and by its lower cost indicate 

m)st cost-effectivP application method. 
2. For maize in the humid region, the applica-

a better hedge against risk. 
2. Togo-Togo PAPR50, SSP and TSP were 

tion of urea banded at a rate of 120 kg nitro-
gen/ha was the most profitable (highest 
added returns) alternative to apply nitrogen to 

the most profitable sources of phospho
rus. Togo ground phosphate rock was not 
as profitable but yielded the highest 

this crop. Another less profitable alternative value:cost ratios when the benefits of 

was the use of USG a! a rate of 110 kg residual effects were included. 
nitrogen/ha. 

3. For maize in the subhumid region, CAN 
3. Gambia-The most profitable sources of 

phosphorus were TSP and SSP Hcwever, 
banded, 15-15-15, and urea banded applied at when the benefits of residual effectn are 
rates of 120 kg nitrogen/ha were, in thal included, ground phosphate rock was 
order, the more profitable technologies. 75% as profitable as TSP and had a 

4. For millet in the semiarid region, res.ults higher value:cost ratio. 
showed that the deep placement of CAN at a 
rate of 132 kg/ha (34 kg of nitrogen) was the 

4. Nigeria-Fertilizers were evaluated only in 
terms .,fthe benefits of initial effects. SSP 

most profitable way to apply nitrogen to this 
crop. The deep placement of about 120 

and Togo PAPR50 were the most profita
ble sources of phosphorus while Togo 

kg/ha of ammonium sulfate and the broad- ground phosphate rock was 70% as 
casting of 110 kg/ha of CAN or 140 kg/ha of 
ammonium sulfate were the other three more 

profitable as SSpr 

profitable alternatives in this region. Results These results indicate that phosphate fer
showed that the broadcasting of urea or CAN tilization for maize in these countries should 
and the deep placement of USG had very be basocd on the use of ground phosphate 
similar levels of net added returns, rock and either PAPR50, SSP, or TSP 

5. cor sorghum in the semiarid region, the ap
plication of CAN banded at a rate of 50 kg 
N/ha was the most profitable technology. b. Results on Millet 
Urea and USG were significantly less profita- Results of the evaluation of phosphate fer
ble thar, CAN. tilizers on niillet at Gobery and Sadore in 

Niger may be summarized as follows: 
Phosphate Fertilizers--Ground phosphate 

rock, PAPR products, SSP, and TSP were evalu- 1. At Gobery-TSP, SSP, Parc-W PAPR50, 
ated as alternative sources of phosphorus to and Tahoua ground phosphate rock were 
maize in locations of the humid and subhumid 
regions and to millet in locations of the semiarid 
region. These fertilizers were evaluated as a 

in that order the more profitable sources 
of phosphorus. Tahoua ground phosphate 
rock was 97% and 92% as profitable as 

means of applying phosphorus in each crop TSP in 1985 and 1986, respectively, and 
period, i.e.. in terms of their benefits in the crop had the highest value:cost ratios. The 
period in which they were applied (initial effects) 
anc also by including the benefits associated 
with their residual effects. In order to account 

relative profitabilities of Parc-W ground 
phosphate rock and PAPR50 with respect 
to TSP were improved by the benefits of 

for the timc. pportunity-cost of money, added residual effects. 
returns of residual effects were discounted at a 
rate of 30%/year. 

2. At Sadore--SSP plus nitrogen, TSP, 
Parc-W ground phosphate rock, and 
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PAPR50 were the more profitable alterna-
tives. The profitability of SSP was signifi-
cantly increased as a result of the 
nitrogen added. The evaluation conducted 
by including the benefits of residual ef-
fects showed that Parc-W ground phos-
phate rock was as profitable as PAPR50, 
more nrofitable than SSP, and 80% as 
profitable as TSP 

Given the risks in crop production due to 
uncertain climatic factors in the semiarid 
region of West Africa, the results presented 
above provide support to the development of 
government programs that promote the 
direct application of ground phosphate rock 
using indigenous resources of phosphate 
rock. 

Socioeconomic (onstraint s to Fertilizer 
Use in Western Aiger 

IFDC extended farm-level socioeconomic 
research to West Africa during 1987 when an 
IFDC economist and a rural sociologist con
ducted a study of farm-level constraints to fer
tilizer use in Western Niger. This project 
allowed IFDC to initiate this type of research in 
a region where farm-level socioeconomic 
research is needed toof agronomic research improve the relevanceand the implementation

of aronmicresarcan th imlemntaionResearch 
of policies to facilitate the adoption of fertiliz-
ers and other agricultural producton 
technologies. 

The project represented an important ex
peience ;n the study of farm-level constraints 
to fertilizer use in the pnysical and socioeco-
nomic environment that is characteristic of an 

IFOC extended farm-level socioeconomic research to 
Vest Africa d.ring 1987 whey .n JFDIC economist and 

a rural sociologist conducted a study of farm-level 
constrain§s to fertilizer use in Western Niger. This 

project allowed IFDC to initiate this type of research 
in a region where farm-level socioeconomic research is 
needed to improve the relevance of agronomic research 

and the implementation of policies to facilitate the 
adoption of fertilizers and other agricultural 

production technologies. 

African country, as well as a contribution to 
IFDC's overall research efforts. 

Data were collected from a sample of 40 
farmers in Western Niger. The study identified 
constraints to fertilizer use through a compari
son of the socioeconomic characteristics of 
users and nonusers of fertilizer. The principal 
ccnstraints to fertilizer use identified in the 
study are (1) the serious limitations that farm
ers have for transporting fertilizers to the fields 
and products to the markets, as a result of the 
distances from households to fields and rar
kets and inadequate farm-level transportation; 
(2) the lack of knowledge and training about 
the use of fertilizers; and (3) the severely limit
ed agricultural credit and the availability of 
family labor. The data frorn the study also 
demonstrate that the traditional practice of 
organic manuring is not abandoned when 
commercial fertilizer is used. 

This project has provided benchmark data 
that will be used for reference in future so
cioeconomic research on farm-level constraints 
to fertilizer use in Africa. 

East and Southeast Africa Fertilizer 
Research Program 

The East and Southeast Africa Fertilizer 
Program, funded by the United Na-

Resech Programe Unitedtions Development Programme (UNDP) and 
the World Bank, was initiated during 1987. An 

IFDC soil scientist was stationed at the Inter
national Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT)/Bulawayo Station 
in Zimbabwe. The objective of this program is 
to find ways to use the indigenous resources 

of East and Southeast Africa in the manufac
ture of fertilizers needed to increase food 
production in that region. The soil scientist willbe resr ,,isible for conducting agronomic trialsusing these fertilizers. 

Workshops to Transfer Technology 
In order for appropriate tochnology lo be 

transferred to the parties who need to us, it,
vehicles must be developed through which thisknow-how can be transferred to increase food 
production in sub-Saharan Africa. Communica

tion must be improved among researchers, 
marketing agencies, extension workers, and 
farmers regarding fertilizer use for crop 
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production. To achieve this goal, the East and
 
Southeast Africa Fertilizer Research Program
 
conducled two workshops during 1987.
 

Horts.tm f oil P"as.tand ,Sollthlolt
 
A f/r c 'v i 'l i m .'
r t izvr ," 

As a result of a workshop held in Lusaka,
 
Zambia. (luring 1987, a geology network was es
tablished to study agrorniiieral deposits in the
 
region The purpose of this network is to ascer
tain the potential for local raw materials to com
plement or replace imported fertilizers and
 
increase fo:) pioduction while saving foreign
 
exchange. F" "T
 

Sixteen geologists from the I1countries of 
 .'...
 

East and Southeast Africa participated in the ,,..--.,". i,v..
 
workshop conducted by IFDC Besides the six- . :
 
teen gecbogists participating, nine observers :-. ''.
 
from UNDP, the U.S Agency for International
 
Development (USAID), the Zambia Industrial and A practical viewpoint was gained through field
 
Mining Corporation, Ltd. (ZIMCO). the Zanim tours to ZIMCO laboratories and beneficiation fa- I, ;,Ai,,,,,.,

lwrgh, I1)1 Aliu,ralh-Geological Survey, Preferential Trade Associa cilities of the University of Zambia School of .i.t.'etgrphr.(.r.d 
tion, Federal Republic of Germany, and the Mines. Ihari... Songr' . ' ,l,-
Beira Chemical Group, Ltd., of Zimbabwe at- gi, Nemn l, 

tended the workshop. (ii, f u,,,,,f;,ofi,,,I.y

This workshop was funded by the World Bank Wo)rkshop on .'lgroomic 1"'uluation for Ne;ut sump/.'s uf 

and UNDP -he activity was cohosted by fEast (II1(I Sutheast .Afriu luiri,,, hu,,phr, . 
ZIMCO. the Zambia Ministry of Mines (Geology A workshop on agroncMic evaluation for East 
Department), and the University of Zambia and Southeast Africa, held in Nairobi, Kenya, 
School of Mines. provided an excellent forum for creating a com-

The objectve of the workshop was to estab- mon understanding of obeciives of the East and shvpshp, ,,t.Eastii, 'andinz t"istud
 
lish a regional network of geological scientists Southeast Africa Fertilizar Research Program. mi,,the,'.st Aricun 1''r
and institutions in the East and Southeast Afri- Seventeen representatives from eight East and lihrt in.us eA.,,,i,,, 
can region that will (1)identify and document Southeast African countries participated in the .. i'S. 

the occurrence of indigenous materials, (2) iden
tify indigenous resources that can be Used 
where appropriate to complement and replace 
existing supplies of imported fertilizers, and : 
(3) identify special geological skills required to fink 
find and use indigenous resources to increase 
food security in the region. 

Some of the workshop topics included: (1) use 
of indigenous agrominerals for fertilizer produc
tion, (2) overview and potential for development 
of phosphate deposits in east and southeast - '. -

Africa, (3) nonmetallic r.,inerals in Zambia, 
(4) geology survey work in Zambia, and (5) ex
ploration of phosphate deposits in Zambia. In " ., 
addition, participants in the workshop presented 
country reports on the geological situation in 
their respective countries. Reports were given 
on the following countries: Burundi, Ethiopia, 
Kenya, Malawi, Mozambique, Rwanda, Somalia, 
Tanzania, Uganda, Zambia, and Zimbabwe. ,
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Technical Assistance 
As a result of a workshop held in Lusaka, Zambia,
 
during 1.987, a geology networv was established to Egypt Research and Dev,4opment


study agromineraldeposits in the region. Tew p117)ose (,f Center
 
this network is to ascertain the potent!,.l for local rauw
 

materials to complennt or replaco imported 
 Under the sponsorship of LIND, IFEC in
,ertlizzers and incr(?ase fi)od prodiucition irh,;l( sauing itiated a project covering a 4-year period to as

/ore 4nl exrchzange. sist the Government of the Arab Republ; of 
Egypt in establishing an Egyptian F2rtili-21r De
velopment Centre (EFDC). An IFDC jgncor 
spent 4 weeks in-country surveying the siteworkshop, sponsored by the World Bank and and existing physical facilities for E;DG. t-e

UNDP The group was apprised of IFDC's role worked with representatives of the Egyptian
in tropical Africa and how the East and Chemical Industries Corporation (CIC) and
Southeast African program complements the UNDR During this initial phase a plan was de
Center's overall objectives. veloped covering the project's scope and ob-

Workshop attendees agreed that research jectives, budget, and activities, which were 
programs must be created in individual coun- approved by CIC and UNDP (Cairo). The 
tries and solutions to stated problems identi- project's elements consist of a demonstration
fied within the countries themselves. The order scale (about I tph), general-purpose NPK fer
of priorities to be assigned to individual tilizer granulation pilot plant, a nitrogen
projects included: (1)development of in- research laboratory, a phosphate research
digenous fertilizer materials, (2) agronomic laboratory, a physical quality evaluation labora
evaluation of possible fertilizer materials, tory, a greenhouse, training of selected EFDC
(3) fertilizer marketing, and (4) training, personnel, and improvements to the existing

Another highlight of the Workshop was the library and training center.
presentation of the country reports by the Subsequent to this mission, another IFDC
delegates. These reports included statements engineer made an onsite visit in preparation
of ongoing fertilizer research programs and for development of equipment specifications
the constraints for implementation. Some In- and a bid document for procurement. Once 
teresting facts were cited regarding population approved by UNDP, IFDC expects to be in
pressures, inadequate funding and facilities, volved in the project throughout the 4-year
staff requirements, and priorities. The reports period on an as-requested basis through the
generally identified areas where additional United Nations Industrial Development Organi
agricultural research is ni. ded. zation (UNIDO), the implementing agency.

During the Workshop the phosphate 
deposits of East and Southeast Africa were 
discussed. Plans were made for field work, Togo
sample collection, and documentation of The company, Office Togolais des Phos
known deposits of all fertilizer raw materials in phates (OTP), has sponsored several projects
the region. at IFDC Headquarters as they evaluate ways

Potential research programs involving phos- to improve and diversify their operation for
phate rock and PAPR for selected crops were mining and exporting phosphate concentrate. 
discussed in depth. The size of plots, fertilizer 
rates, time of application, site location, crop
selection, and all trial details were discussed. Beneficiation Pilot Plant 

Collaborators were identified in those coun- OTP was provided equipment specifications
tries represented at the Workshop to form a and a bid document by IFDC to secure world
network on agronomic evaluation for East and wide bids for a beneficiation pilot plant to be
Southeas', Africa. The Network representatives installed at the plant site. After OTP chooses
learned that it was their responsibility to de- the vendor IFDC will assist n equipment in
velop programs for their individual countries. stallation, initial startup, and training of OTP 
IFDC's role is to assist with the country personnel. 
programs. 
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PhosphateRock Studies 
Some exploratory studies were made in 

laboratory-scale equipment with the objective 
of improving the quality of phosphate ore and 
products made from it. This was to assist OTP 
in better meeting future market demands. 

.,VA ' ncn A.ss(,',hne(,nt 
OTP is considering diversification of its oper

ations in the future to allow the manufacture of 
value-added intermediates and products. IFDC 
prepared a preliminary technical and economic 
assessment of three schemes to produce NPK 
fertilizer using Togo phosphate concentrate 
and other raw materials. The plant would 
serve th, needs of Togo and other countries in 
the region. The phosphate would be converted 
to an agronornically acceptable form based on 
partial acidulation. 

.1 f'rtilioirplat wo,rker 
observ~es thi' ope'ration (if 

cvntrifugs, which are 
iiSI'd to uu'ash andiii 

deivater p/hosphate 
c.'oncentrat (it the' OTP 

ficility (t Klo'w'. 
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Sustaining Asia's Accomplishments
 

Laborers transplanta 
cooperati'e rice ex

perimen tconductted 

by the Thaaihnd 

I FD(C(it th nd 
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to disaster only 10 years ago, 
agriculture in the Asia-Pacific region has 
registered 'vast progress' since then, but mass 
poverty and malnutrition affecting 300 million 
people still pose serious problems," said Edou-
ard Souma, Director-General of the United Na-
tions Food and Agriculture Organization. 

"Driftingto disaster only 10 years ago, agriculturein 
the Asia-Pacific region has registered 'vast progress'

since then, but mass pouerty and malnutrition 
affecting 300 million people still pose serious 

problems," said Edouard Souma, Director-Generalof 
the UJnited Nations Food and Agriculture Organization. 


Only a decade ago, Asia was threatened by
huge food deficits, with cereal shortfalls fore-
casted to reach 35 million tonnes by 1985. To 
make up the difference, the imports of food 
had quadrupled. However, since that time, total 
cereal production has increased at an annual 
rate of 3.7%. Now the region is a net exporter 
of rice, and increases in wheat yields have 
stabilized imports. 

r [ "i ' ; 
, , , ^ I " ,. 

Several factors contributed to this success; 
according to Souma these include the dis
mantling of policies that discriminated against 
farmers, the increased flow of resources to 
agriculture, better technology, the supply of in
puts, improved marketing facilities, reform of 
bureaucracies, and strengthened research. As 
Souma points out though, there are still seri
ous problems, especially due to the fact that 
agricultural growth has been uneven and thatthe regicn is already approaching the limits of 
its arable land. 

Even though Asia has made noticeable 
progress in increasing its food production, it 
has been slow to improve the access to food 
by the vulnerable segments of its population.Millions of people in the region are still under

nourished, primarily because of poverty. 
Despite the exponential growth during the 

past two decades, food-grain production has 
stagnated. Yields have leveled off in spite of 
increased application of nitrogen. What is 
needed now is a stronger focus on balanced 
nutrition. While nitrogen is clearly the primary 
fuel for the crop production machine-
phosphorus, potassium, magnesium, calrcum, 
sulfur, and a number of micronutrients are 
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needed in increasing amounts not only to main-
tain but also to increase the nat, frtility of the 
soil. We now need to look beyond what has 
been achieved with seeds and fertilizer and 
direct more of our attention to the soil charac-
teristics in an effort to supply a more balanced 
nutrient package and, thus, make it possible to 
achieve another "Green Revolution" during the 
next century. Such a breakthrough in crop yields 
is needed if one accepts the prediction that the 
world's requirement for additional food will in
crease by about 60% during the next 20 years. 
Since 80% of Asia's arable land area is now 
under cultivation, its additional food require
ments will have to come from increased yields. 

Despite the exponential growth during 
the past two decades, food-grain 

production has stagnated. Yields have 
leueled off in spite of increased applica-
tion of nitrogen. W4hat is needed noiv 

nutrition, 

Fertilizer will play a vital role in helping Asia 

sustain its food production levels into the next 

century. In fueling the crop production machine, 
Asia has all of the elements needed for con-
tinued rapid growth in fertilizer consumption. It 
has a large, diligent and rapidly growing popula-
tion, a food demand growing at a faster rate 
than the population, and a low potential to open 
up new land for food production. 

The challenges confronting Asia's 'ertilizer in-
dustry are manifold. One of the big challenges 
of the future will be to find a proper response to 
expected changes in people's diet. More effort 
must be directed towards the increased produc-
tion of other food such as fruits, vegetab!es, and 
animal products. Such diversification will also re-
quir3 changes in the types of fertilizers and ap-
plication methods to be used. With fertilizer use 
now extending more and more into an increas-
ing spectrum of various upland crops, nutrients 
other than nitrogen will gain in importance. The 
next decades will, therefore, see the need for a 
diversification of the supply of fertilizers with 
multinutrient fertilizers gaining in importance. Ad-
ditionaliy, greater attention will need to be 
placed on assessing the impact that fertilizers 
have on the environment and technologies de-

veloped to ensure that this valuable input is 
used effectively ip establishing a sustainable 
agriculture for the region. Through its programs 
in research, technical assistance, and training, 
IFDC continues io help Asian countries meet 
these new challenges. 

Research Activities 

Nitrogen Research 

Experimental Materials 
IFDC has the unique capability of supplying 

agronomic researchers with a wide range of ex
perirmental materials to support the laboratory, 
greenhouse, and Asian field programs. In gener
al, IFDC has concentrated its research on solid 
forms of fertilizers with no emphasis on liquid or 
suspension fertilizers. Further, thr,,e has been 
research along the single nutrient type (such asnitrogen, phosphorus, and sulfur). This trend 
continued in 1987, and urea was emphasized 
due to its importance in Asia. Much of the work 
involved studies to improve use efficiency and 
increase yields. 

Several techniques (mainly laboratory scale) 
are used for material preparation. Certain 
materials such as 15N-labeled urea and inhibi
tors are extremely expensive, and losses must 
be kept to the minimum. 

Thbletting-Tabletting is often used to com
bine urea (unlabeled or 15N labeled) with other 
materials such as urease or nitrification inhibi
tors or even other nutrient carriers such as am
monium sulfate or elemental sulfur. Tablets can 
be made in various sizes. The solid dry ingre
dients are well mixed and fed continuously to 
the tabletting machine where products are made 
automatically. Thus, the tabletted particle is 
homogenous, and the additive is distributed uni
formly throughout the particle. 

Coated Products-Coated products are made 
to control the rate of nutrient release or to add 
small amounts of inhibitor. The coating may be 
applied as a melt, from a solid in solution, or 
from reacting chemicals. The substrate (material 
to be coated) is often urea due to the emphasis 
on improved use efficiency, but NP or NPK 
granular fertilizers have also been coated. Coat
ings may be inhibitors (solid powders), polymers, 
waxes, and resins (natural and synthetic). 
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Much of IFDC's Headquiarters'research on nitrogen has 
focuised on the evaluation of uirease inhibitors and their 

potential for use in the tropics. (Urease inhibitors reduce 
the nitrogen losses to the atmosphere during the conver-

sion of"urea to ammonia.) 

See page 31 for information o, fietd evaluation 
of these coated products. 

Compaction-Compaction of sciid dry pow-
ders into granules is used to supply larger 
quantities of mixtures and when less expensive 
materials are used rather than tabletted 
prcducts. Losses are relatively low and drying 
and cooling are avoided for heat-sensitive 
materials. 

Granulation--Granulation by melt or wet-
chemical methods is also used to prepare ex-
perimental materials. Usually, drying and/or cool-
ing are requiired. Granules are homogenous and 
may be made in various sizes. 

Vanessu E. Keel Amended Urea Types 
ChnicalLaborato, Two basic types of amended urea were used 

Ana! 't, and Steve 
con)(mcL ,a in the agronomic test program during 1987-

LaboratorY Anal,,,yt of USG and urea plus urease inhibitor, 
the National lrtilizer Urea Supergranules-A method to make 

DLi',.,' ,,ntt (,cn t,,. USG from prilled urea in Asia is needed based(tempJ orarily (assistiO n
1II)npona riYasisi. on simple technology and relatively low cost. 

11,7Co u~~j, )reiibrsnF C n 
e,,b,.sish prforn An IFDC engineer further evaluated a briquet-

laborator , tests to ting machine available from the People's Repub-
,lbI'ahte potential lic of China and made improvements to achieve 
urease inhibitors. 

.-

sustained production of 1-g USG at 250 kg/h. 
This was done in collaboration with the Agency
for Agricultural Research and Development 
(AARD), the Center for Soil Research (CSR), 
and the Metal Industries Development Center 
(MIDC) in Indonesia. The concept involves deliv
ery of prilled urea to a distribution point in bulk 
or bagged form. Prilled urea is fed to the bri
quetting machine where two rolls under pres
sure form the briquettes, which are separated by 
screening; off-size material and dust are 
returned to the briquetter. Briquettes are sold in 
quantities needed by the farmer for deep place
ment. (See also "National Programs
I'idonesia," p. 36.) 

Urease Inhibitors to Increase Nitrogen 
Efficiency-The use of urea has grown tremen
dously in recent years because it is the least 
expensive and highest analysis solid nitrogen 
fertilizer. Urea is generally not taken up by 
plants directly but must first be converted to am
monium nitrogen. This conversion is effected by 
a urease enzyme that is oi biological origin and 
is present in different amounts in sols. In soils 
with high amounts of urease due to high biolog
ical activity, the rapid conversion of urea to am
monium can cause high concentrations of 

ammonia near the soil surface, oringing about 
high losses of the applied urea nitipen through
ammonia volatilization. Soils that have high 
urease activities at the soil surface are many 

flooded soils and those that have not been tilled 
for a long period. Therefore, urea applied to 
flooded soils, plantation crops (cacao, coffee, 
tea, palm oil, and rubber), or to young crops 
may be susceptible to large ammonia volatiliza

tion losses. 
An approach to decrease losses due to rapid 

conversion of urea is by the use of urease en
zyme inhibitors. Inhibitors of the enzyme urease 
may be useful in reducing nitrogen losses by 
slowing the conversion of urea to ammonia. 
Since ammonia losses depend on the rate of 
ammonia formation, these inhibitors could be 
very effective in increasing nitrogen efficiency. 
Previously, the most promising urease inhibitor 
had been phenyl phosphorodiamidate (PPDA), 
but its effect in flooded soils lasted only 3-4 
days, after which urea conversion was again 
very rapid. 

Much of IFDC's Headquarters research on 
nitrogen has focused on the evaluation of 
urease inhibitors and their potential for use in 
the tropics. A newly identified class of urease 
inhibitors is the phosphoric triamides, which are 
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quite similar to the structure of PPDA. One 
compound of the class is N-(n-butyl) 
thiophosphoric triamide (nBTPT), which has 
been tested in soils and found to have sus-
tained inhibition. In Headquarters greenhouse 
experiments conducted in previous yearn, nBTPT 
has consistently kept ammonium core fntrations 
from developing in the floodwater, whi,. PPDA 
has failed after a few days, allowing ammonia to 
accumulate and be lost via volatilization. 

In two Headquarters gre,.nhouse experiments 
conducted in 1987 with flooded rice in which the 
fertilizer was applied 15 days after transplanting, 
a common practice of Asian farmers, fertilizer 
losses were about 50% when urea was used by 
itself. With PPDA the loss was about 30%, and 
with nBTPT losses were from 10% to 17%. As 
would be expected by decreasing losses, the 
plant recovery of the nitrogen was increased by 
the inhibitors and about doubled with the 
nBTPT. Grain yield was not significanty in-
creased by the use of PPDA, but it was by the 
use of nBTPT. 

In some upland soil systems urea is applied 
on the soil surface, and if the soil has devel-
oped a high urease activity, ammonia volatiliza-
tion from urea applications can be very high. A 
urease inhibitor can be used to reduce these 
ammonia volatilization losses. In a 1987 experi
ment conducted in a Headquarters greenhouse 
using Guthrie soil to which 1% lime was added, 
losses were decreased as more nBTPT was 
added. If the amount of nBTPT was 0.1% or 
more, losses were kept at less than 10% of the 
urea added. 

The rate of inhibitor necessary to decrease 
losses tc an acceptable level will depend on the 
urease activity of the soil as well as other soil 
characteristics. The urease activity of two soils 
was increased by addition of straw, which in-
creased its biological activity. With straw addition 
both soils lost about 45% of the urea-nitrogen in 
8 days. Without straw addition losses were 
'bout 37% with one soil and only 6% with the 

other. When nBTPT was added at different 
amounts, the amount of ammonia volatilization 
that occurred was very dependent on the soil 
characteristics as well as the amount of nBTPT 
added. For soils with high urease activity due to 
straw addition, 0.1% nBTPT was enough to keep 
losses below 10% of the nitrogen, but with 
lower urease activities, 0.01% neTPT was 
sufficient. 

Research on the potential of urease inhibitors 
to increase nitrogen efficiency will be expanded 

in 1988 to include collaborative field studies with 
15 national and international research organiza
tions. Trials will be conducted on both flooded 
rice and upland crops, particularly plantation 
crops. In addition, work is underway to identify 
new families of chemical compounds that could 
serve as urease inhibitors. 

Preliminary studies have already begun to 
identify other urease inhibitors of the phosphoric 
triamide group that are more powerful than 
nBTPT During 1988 efforts at Headquarters will 
attempt to determine the rates of these inhibitors 
necessary to achieve particular reductions in 
ammonia volatilization, the effects of soil charac
teristics on inhibitor performance, and the stabili
ty of the inhibitors when incorporated in urea 
fertilizers. 

Urea Supergranules Tested in India
 
Researchers generally agree that under
 

proper soil and cropping conditions, deep place-


Researchers generally agree that under proper soil 
and cropping conditions, deep placement of urea 
improves use efficiency and results in, increased 

yield of paddy rice 

ment of urea improves use efficiency and 
results in increased yield of paddy rice. Over 
several years IFDC has described this technolo
gy and presented yield results obtained by 
researchers using their methods of evaluation. 
The "researcher's method" involves convention
al line transplanting, followed by deep place
ment of USG a few days after line transplanting. 

As reported previously, IFDC has developed a 
USG dispenser method combining deep place
ment and line transplanting in an attempt to 
save labor without reducing yield. The technolo
gy is aimed primarily at the small farmer who 
can only afford small amounts of nitrogen. 

In 1987 during the Kharif season, 15 trials 
were conducted by IFDC in collaboration with 
Indian researchers on the fields of small rice 
farmers using the IFDC dispenser method and 
capitalizing on the farmers' management skills. 
Trials were carried out in the Konkan region of 
Maharashtra State, India, in collaboration with 
Konkan Krishi Vidyaputh (KKV) and the Indian 
Farmers Feililizer Cooperative, Ltd. (IFFCO). Dis
persers were fabricated in a KKV workshop and 
in the workshop of the Yusuf Meherally Center 
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at Tara Village. The 1-g USG were supplied as 
cylindrical tablets by IFFCO. 
The IFDC dispenser method consisted of line 

transplanting with 15 x 20 cm spacing and hand 
deep placement of 1 .JSG for every 4 hills (38
kg nitrogen/ha) using the IFDC dispenser with 
transplanting guide. The farmer's method varied 
but usually consisted of random transplanting 
with uncontrollable spacing, geometry, and plant 
population; urea as prills was applied in one or 
two applications onto the soil surface. The crops 
in all trials were grown completely under rainfed 
conditions with no supplemental irrigation, 

In these initial studies laoor requirement for 
transplanting and fertilizer application was quite 
variable for both methods. In general, the farm-
ers were able to use their method with less 
labor since the dispenscr method requires some 
training and skill to achieve proficiency. On the 
average the dispenser/:ine transplanting method 
required 7 workdays per hectare more than the 
farmer's method of planting rice and broadcast-
ing urea. This differential may be reduced with 
further experience. 

Grain yields in 11 of 15 trials where valid 
comparisons could be made showed a yield in-
crease (average) of 480 kgiha or 15% for the 
IFDC dispenser methcd compared with the 
farmer's method. Further trials with farmers are 
needed to determine if they will adapt the 
method providing that an additional 500 kg/ha of 
rice is produced at an increased labor require-
ment of up to 7 workdays and a fertilizer premi-
um of up to 10% over prilled urea broadcast in 
the floodwater 

Nitrogen Use Efficiency Furthered 
in Indian Semiarid 'Topics 

In the semiarid tropical (SAT) environments, 
crop yields are geneally hindered by the lack of 
available moisture arising from a high at-
mospheric water demand and limited water 
resources. Apart from moisture deficiency, SAT 
soils are deficient in nitrogen, phosphorus, and 
zinc. Among these three plant :iutrients, deft 
ciency of nitrogen is universal. Past research 
conducted under this program has established a 
positive and significant response to fertilizer-
nitrogen of crops grown on SAT soils. Another 
notable contribution of the nitrogen research 
program was that the use efficiency of nitrogen 
fertilizers by SAT crops depended heavily on ef-
fective soil depth. With deep soils (effective soil 
depth >1 in) the nitrogen.use efficiency by 

crops, contrary to the generally held belief, was 
high and nitrogen loss from the soil-crop system 
was low (<10%). The situation with shallow 
soils (effective soil depth !S60 cm) was, 
however, different since nitrogen use efficiency 
was low and nitrogen loss was-typically high 
(=30%). Our past research could not identify 
the exact mechanism of nitrogen loss although 
we speculated leaching and denitrification were 
important pathways of nitrogen loss. We initiated 
research on this aspect. 

A study (in collaboration with ICRISA[) with 
sorghum as a test crop was conducted on a 
shallow Vertisol at the ICRISAT Farm in Hyder
abad, India. The objective of this experiment 
was to identify the dominant nih'ugen loss 
mechanism through selection and identification 
of the proper nitrogen source. Test fertilizers in
cluded urea, urea-DCD (urea treated with 
dicyandiamide, a nitrification inhibitor), urea-PPD 
(urea treated with phenyl phosphorodiamidate, a 
urease inhibitor), and potassium nitrate. All fer
tilizer sources were applied to correspond to 30, 
60, and 90 kg nitrogen/ha rates (one-half basal 
at the time of seeding and one-half topdressed 
1 month later). Sixty kilograms cf nitrogen/ha 
rate was labeled with 15N. A no-nitrogen zero 
rate was also included. Phosphorus (40 kg 
P205 /ha through SSP) and zinc (5 kg zinc/ha 
through zinc sulfate) were applied across all ex
perimental plots as basal dressing. 

The rainfall during the cropping season was
 
low-370 mm. It represented only two-thirds of
 
the average rainfall for this region. Despite near
 
drought conditions, the distribution of rainfall
 
over the entire cropping season was satisfactory.

Data on grain yields (averaged across 
sources) presented in Figure 6 show that nitro
gen application to sorghum grown on a shal
low Vertisol caused a significant increase in 
yield. Without nitrogen application, the sor
ghurn grain yield was only 1.5 tonnes/ha. With 
nitrogen application, depending upon the rate 
of nitrogen application, it was 2-3 times great
er. At 60 kg nitrogen/ha, the commonly recom
mended rate of nitrogen application, each 
kilogram of nitrogen produced 37 kg of sor
ghum grain. These results confirmed our previ
ous conclusions that a remarkable potential for 
improving crop yields exists through nitrogen 
fertilization of crops grown on the Vertisols of 
the SAT. Despite near-drought conditions, 
a large increase in grain yield resulting from 
nitrogen fertilizers once again contradicts the 
past supposition on excessive isks associated 
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5-	 previous research (crop year 1984) conducted
 
also on a shallow Vertisol at the ICRISAT farm.
 

4- In that study potassium nitrate-nitrogen was
 
LS(P=0.05P0.39 Iha more vulnerable to loss compared with urea

nitrogen (60/a nitrogen loss with potassium ni
. ,,trate 

] versus 300/o with urea). Accordingly, with-": .......;" I ' q i? i( potassium nitrate the yield of sorghum
';.,',./:,;.', '!. 

dropped by 700 kg/ha. Since 	the important soil 
-	 Ii! 

2-	 Jcharacteristics where research during 1984
'1 	 and 1987 was located did not vary significantly, 

we investigaled the possibility that the
j_ seasonal rainfall and its distribution accounted 

0 30 00 for the inconsistency in the relative perfor
fiHateIJgia) mance of urea and potassium nitrate across 

years.
Figure 6. Effect of Nitrogen Applicaiion on Sorghum Rainfall-the only source of Nater for dryland

(;rain Yield (Shlhm \'er~iol. crops-can considerably moderate the losses of 
with using nitrogen fertilizers in rainfed nitrogen by affecting fertilizer transformations
 
agriculture, and mobility. This contention is borne out of our
 

Irrespective of the rate of nitrogen applica- research conducted on artificially created shal
tion, grain yield response to fertilizer nitrogen low and deep soils in the controlled environment
 
remained unaltered, whether the source of of a greenhouse. Houston clay, a Vertisol more
 
nitrogen was urea or potassium nitrate (Figure or less similar in important characteristics to
 
7). Also treatment of urea with PPD )r DCD Vertisols occurring in India, was the experimen
did not influence the grain yield response. The tal soil. The rate and method of application of
 

the test fertilizers were similar to those imposed
 
,. in the field experiment. To simulate different
 

S . rainfall intensities, water was added periodically
'°if '1. i in single pulses varying between 5 mm and 401i.; 

I mm. Over a period of 28 days, irrigation water
 
30 i equaled 185 mm rainfall. Since the fertilizer
 

- ,' sources were labeled with '51N, it was possible
 
* :to trace their fate at the conclusion of the ex

.0 periment. Nitrogen-15 balance showed a strong 
7, interactive influence of nitrog an source arid soil 

depth on nitrogen loss (Tabl 5). With relatively
10' deep soil (soil depth 40 cm), the nitrogen loss
 

0 .was low (<10%); this loss did not differ signifi
[.. 'cantly between urea and potassium nitrate. In
 

0a 30 60 9 sharp contrast, with reiatively shallow soil (soil
 
N,ogen Rate, ,kq/hal depth 20 cm), the nitrogen loss was high. It was
 

Figure 7. Sorghum Response to Nitrogen Sources (1987). unusually high when potassiurn nitrate was the 
nitrogen source. For example, nitrogen loss frrim 

lack of difference between urea treated with potassium nitrate was 55% corresponding to 
DCD-a nitrification inhibitor and potassium only 10% from urea. These results on increas
nitrate-a source vulnerable to denitrification ing susceptibility of potassium nitrate with 
and leaching, suggested that denitrification and decreasing soil depth parallel our past findings 
leaching were not important mechanisms of obtained in the field on shallow and deep Ver
nitrogen loss. In addition, the equal performance tisols of the Indian SAT. 
of urea and urea treated with PPD-a urease Differential soil moisture regimes mediated 
inhibitor-suggested that ammonia volatilization through soil depth appeared to be the key factor 
was also not an important mechanism of nitro- explaining the variable nitrogen loss from urea 
gen loss on shallow Vertisols. and potassium nitrate. Visual observations on 

Failure of urea to outperform potassium ni- soil cracking, supported by moisture estimates 
trate is in variance with the findings of our (Figure 8) and occurrence of percolation, 
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0 
'fible 5. 
Effect of Thpsoil Depth on the Recovery nd IAss of "N From 
Different Fertilizer Sources 

"N lte(overy "N Loss % 20 

'I'psoil Depth (cm) iopsoil l)epth (cm) 

Fertilizer Source 20 40 20 .30
40 i 

Potassium nitrate 45 92 55 8 , 
Urea 90 95 10 5 40 
Urea-DCD 9" 92 7 8 
Urea-PPD 94 100 6 0 50 

suggested that at the same level of irrigation, 60 25 35 45 5 
shallow-depth soil became saturated, while the Moisture (/)
deep soil remained unsaturated. In the absence Figure 8. Influence of Topsoil Depth on the Distribution 
of any significant leaching loss of nitrogen of Moisture in the Soil Profile. 
(leaching loss = <0.5%), saturated conditions time of fertilization may have led to sufficient 
appeared to dominantly control nitrogen loss moisture in the surface layer of the shallow soil
from shallow soils. Fractional analysis of soil to promote greater denitrification from potassium
nitrogen forms further suggested that thr tirans- nitrate than from urea. Nitrogen loss with potas
formations of urea-nitrogen and potassium sium nitrate was twice as great as it was with
nitrate-nitrog52n were influenced by saturation. urea. Compared with the 1984 cropping season,
The impact of soil saturation on nitrogen loss rainfall during 1987 was low and well distributed. 
and nitrogen transformations arose from anoxic Under these rainfall conditions potassium nitrate
soil environment, which is known to follow satu- might not have become prone to denitrification;
ration. As a result, nitrification, an aerobic consequently. agronomic performance of urea 
process, is obstructed and denitrification, a and potassium nitrate did not differ (Figure 7). 
process of anaerobic environment, is promoted. The lack of difference between urea treated with
Apparently, prevalence of saturated conditions in DCD-a nitrification inhibitor-and potassium ni
shallow depth soil might have protected urea- trate was an indirect evidence precluding the
nitrogen from loss by decelerating nitrification of possibility of denitrification in a low rainfall year.
ammonium-nitrogen (a product of urea hydroly- In conclusion, performance of nitrate-(potassi
sis) and made potassium nitrate more prone to um nitrate, calcium ammonium nitrate,
denitrification and heavy nitrogen loss. With un- nitrophosphate, ammonium nitrate) containing
saturated deep soil, the denitrification was con- fertilizers vis-a-vis amide-(urea) or ammonium
strained due to absence of anaerob!c (diammonium phosphate, ammonium sulfate)
environment. Consequently, in marked variance containing fertilizers will depend upon rainfall 
to shallow saturated soil, nitrogen loss from urea distribution, particularly its extent at the time of 
and potassium nitrate did not differ from deep fetilization of shallow soils of the SAT. During
unsaturated soil. Regardless of soil depth, am- high rainfall years, nitrate-containing fertilizers 
monia volatilization appeared to be unimportant will be a poor choice when compared with urea. 
because of fertilizer placement. Negligible loss 
of nitrogen with or without treatment of urea 
with PPD, a urease inhibitor, was an additional Nitrogen Use Efficiency Studied 
evidence supporting nonoccurrence of ammonia in the Philippines
volatilization. Since nitrogen is frequently the most limiting

Thus, on all accounts it appears that soil nutrient for irrigated rice in Asia, the application
saturation associated with shallow-depth soils of nitrogen is essential to sustain high rice 
causes denitrification, supposedly the major yields. However, the nitrogen fertilizer applied to 
nitrogen loss mechanism. In the absence of soil irrigated rice is prone to high losses and low
saturatiun, nitrogen loss from shallow soils, as is utilization by rice. In 1987 IFDC continued to col
the case with deep soils, is expected to be low laborate with the International Rice Research In
and consistent across different nitrogen fert;liz- stitute (IRRI) in the Philippines in the 
ers. During 1984 (while measurements are not development of technologies that sustain 
available to confirm it) a heavy rainfall at the 
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increased rice productior while increasing the 
efficiency of fertilizer inputs, 

II 19S IFI)( contiltued to 

co/labor-ate i'ilhl thc InternationalRirv 


UCScal-h Institute (IRI?) I'lth, iPhili)-

Pill(s Ill th( dc,lopiellt o/ t'chnlo-


gius ti t s iStt f (T~e th t S stai17'Oin('rczsCd riurea 
tprOdlttirn iihih'/ ' i'ntcrci.si'/. t /'-

c 'icll(of l' tilizor inpu/s. 

Potential of liolo 4i l nhi itor ,in 
IAwland Rice -Data from Philippine field 
research was used to estimate potential urea 
savings possible with a hypothetically ideal inhi
bitor that would completely elimiiate gaseous 
nitrogen loss of applied urea under the condi
tions of those experiments. 

The potential urea savings with an ideal inhi
bitor was assumed to equal the gaseous loss of 
nitrogen from applied urea. At ibis particular 
study site, total gaseous loss of nitrogen and, 
hence, potential urea savings averaged over two 
dry seasons increased with nitrogen application 
rate. It ranged from approximately 15% for 30 
kg urea-nitrogen/ha to approximately 33% for 
120 kg urea-nitrogen/ha. The response in grain 
yield to applied urea was 2.0 tonnes/ha with 60 
kg nitrogen/ha and 2.8 tonnes/ha with 120 kg 
nitrogen/ha. The hypothetica! increase in the 
response curves due to nitrogen application was 
estimated assuming that the full potential in 
urea savings thrcugh e'imination of gaseous 
nitrogen loss could be obtained. At this site the 
maximum possible increase in rice yield with an 
inhibitor that eliminated nitrogen loss with no ef
fect on the rice other than increasing availability 
of fertilizer nitrogen was 6% and 8% in the two 
seasons.
 

The findings and research methodologies em
ployed in this study will aid in the determination 
of a maximum acceptable additional cost of 
amending urea with inhibitors. It could also as
sist in the identification of rice-growing environ
ments in which inhibitors would have the 
greatest economic potential. 

Effectiveness of Urea Coatings in I.Awland 
Rice-Urea coatings that slow the release of 
nitrogen offer another possible strategy for 
increasing the efficiency of urea fertilizer applied 
to rice. Sulfur-,-oated urea has been widely 

evaluated and shown to be an effective nitrogen 
fertilizer for rice, but it has been too expensive 
for use on most field crops. 

One option for reducing the cost of coated 
urea is to use alternative, lighter weight coat
ngs. Three experimental polymer-coated fertiliz
ers ranging in coating weight from 3.3% to 6.00/6 
were prepared with 4.4-mm diameter granular 
ilcl-asedand evaluated in the field. All three A research assistantt IRRI tluelN' V' 

polymer-coated fertilizers were as effective as r gs2.0-mm diameter sulfur-coated urea (200/% coat- siamplhs to mieasre 
ing weight, 21% 7-day release in water) in nitmger, l ossby 

reducing nitrogen fertilizeir loss. denitrification from a 
Mean grain yields for the three polymer- rice field in MAiioz, 

coated fertilizers were between 0.1 to 0.7 lulcij,h.u 

tonnes/ha greater than for prilled urea appiied 

.1
 

"
 
.
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Urea coatings that slow the release of nitrogen offer 
anotherpossible st'rategy for increasingthe efficiency of 
urea tertilizer applied to rice. Sulfur-coated urea has been 
Widely evaluated and sholl'n to be anl effective nitrogen 
fertilizer for rice, but it has been too erpensiue /"r ulSloil nost field crops. 

by the best recommended practice. Research 
has shown that coating urea with polymer can 
dramatically reduce the quantity of urea required 
to obtain desired grain yields. Of the three fer-
tilizers tested, the 3.3% coating weight was most 
effective. Grain yields with the 3.3% polymer-
coated urea and 2.0-am diameter sulfur-coated 
urea were the same. These findings suggest 
that alternative light-weight coatings can be 
agronomically as effective as sulfur coatings. 

Direct Field Measurement of 
Denitrification--Denitrification is a biological 
process by which soil and fertilizer nitrogen can 
be lost to the atmosphere as nitrogen gcs. it 
has long been considered as a major mechan
ism of nitrogen loss in flooded rice soils. 
However, the magnitude and importance of 
denitrification have not been quantified because 
a suitable method for field measurement of 
denitrification has not been available. IFDC 
scientists recently developed a method for esti-
mation of denitrification losses, and this method 
was used at three sites in the Philippines in a 
collaborative project with IRRI. 

At each site the directly measured nitrogen 
gas loss from urea fertilizer was 1% or less of 
the applied nitrogen. These nitrogen losses by 
denitrification are much lower than those previ.,
ously estimated by other indirect techniques. 
The findings reveal that considerable scope still 
exists for improvement of field techniques to 
measure nitrogen loss. 

Sulfur Research 

IFDC/Thailand l)epartment of Agriculture 
Cooperative Research Project 

In 1986 IFDC began collaborative research 
with the Nuclear Research in Agriculture Branch 
of the Thai Department of Agriculture with the 
establishment of an experiment in northeast 
Thailand using sources labeled with 35S to de-

termine fertilizer sulfur balances, leaching rates, 
and fate of sulfur in rainfed rice. Although defi
ciencies of sulfur are cften reported on the 
sandy soils of this region, sulfur fertilizers had 
no effect on final yield in the 1986 experiment. 
Results from 35S-balance experiments, however,
showed that fertilizer sulfur recovery from incor
porated SSP and SG1or1 by rainfed rice wasvery poor (4%-8%). For both sources, only 

60%-620/o of the applied sulfur was recovered 
from the roots and soil profile to a depth of 90 
cm leaving approximately 300% of the fertilizer 
sulfur unaccounted for. Although leaching of sul
fur may account for some of the losses from 
this sandy loam soil, transportation in the flood
water, which inundated the plots following a 
heavy rainfall may also have been an important
loss mechanism. Low recoveries and loss
 
mechanisms are being further investigated in
 
followup collaboration.
 

Technical Assistance 

Bangladesh 

As is the case with other developing coun
tries, Bangladesh is meeting and conquering
the challenges of a changing agricultural situa
tion. Because of its accomplishments in restruc
turing its fertilizer distribution system, 
Bangladesh may soon serve as a model for 
privatization of fertilizer sectors in other develop
ing countries. 

During 1987 IFDC participated in a World 
Bank Mission designed to review the Ban
gladesh fertilizer sector. The objectives of the 
Mission were to update the Bank's knowledge of 
the sector, evaluate the developments in the 
sector, and identify the primary sector issues 
and policy considerations. The Mission members 
discussed with the Governrnent its plans for fur
ther improvements in the performance of the 
sector and the role that the Bank can play in 
assisting the Government. The competitiveness 
of the existing products and possible measures 
that can be taken to improve the economic via
bility of domestic poduction units were evaluat
ed. The Mission reviewed plans for capacity 
expansions in the sector and discussed with the 
Government possible changes in the ex-factory 
pricing system. 
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The Mission m.a-e several recommendations 
to the Government to further develop a cost
effective and socially sensitive fertilizer sector. 
The establishment of a monitoring and evalua-
tion system was recommended to ensure the 
efficient operation of the fertilizer sector. It was 
also recommended that a uniform pricing poli-
cy be established from the production units 
owned by the Bangladesh Chemical Industries 
Corporation (BCIC) and the transportation dis-
count points (TDPs) :f the ,, , i: . 
r,,ial Development Corporation (BADC). In 
order to alleviate the unfavorable debt-to-equity 
ratie. the Mission proposed that the Govern-
ment consider absorbing all or a portion of 
some foreign loans to fertilizer plants and con
verti,ig that amount into equity in the fertilizer 
plants. 

There is growing evidence that the presert 
mix of fertilizer (urea, TSP. and muriate ot 
potash) will riot sustain the nutritional require-
ments of an agriculture that is becoming pro-
gressively more intensive and diversified. In 
fact, the recent slowing in growth of crop 
productivity may, at least in part, be directly
linked to the growing evidence of crop nutri-
tional disorders of sulfur and zinc. The Mission 
tnerefore recommended that the Government 
reexamine the required fertilizer product mix 
and determine the most effecive way of ob-
taining supplies to sustain an increasingly in-
tensive and diversified agriculture. It was 
recommended that special attention be given 
to the merits of domestic production versus 
importation of urea/sulfur, NP, elemental sulfur, 
and NPK sulfur combinations, 

The Mission further recommended that fu-
ture fertilizer plant expansions should consider 
locating urea plants within th2 area of market 
demand rather than in the area of raw material 
supply. Extending the nation's natural gas 
pipeline into the market area may reduce 
transportation costs and significantly relieve 
pressures or the infrastructure (railroads, 
roads, barges) already stressed from moving 
large quantities of fertilizer and other 
commodities, 

It was projected that Bangladesh would be 
self-sufficient in the production of urea by 
February 1988. In fact, the country will have a 
net surplus of urea. The Mission, taking note 
of currently depressed international prices of 
urea, recommended that a program be devel-
oped to use this production to stimulate 
domestic consumption of nitrogen and thus 

As is the case with other developing countries, 
Bangladesh is meeting and conquering the challenges 
of a changing agriculturalsituation. Because of its 

accomplishments in restructuringits fertilizer 
distribution system, Bangladesh may soon serue as a 

model for privatization of fertilizer sectors in other 
deueloping countries. 

_ _____

move toward self-sufficiency in rice and wheat 
rather than exporting the surplus fertilizer at 
prices below cost of production. 

Burma 

During 1987 an IFDC-directed study team was 
commissioned to evaluate Burma's fertilizer sec
tor and find ways to increase its effectiveness. 
This project, funded by USAID, was conducted 
under a subcontract wiih the South-East Con
sortium for Internati.cnal Development. 

Burma is faced with some difficult choices 
that will have a strong impact on the future 
growth of the country's fertilizer sector. The most 
significant choice concerns the policies related 
to the production of rice and upland crops and 
allocation of limited supplies of fertilizer. Be
cause the Government of Burma has recog
nized the need for expanded production of 
crops other than paddy, it has introduced a pro
gram of agricultural diversification to expand the 
production of 19 upland crops. However, this will 
take time and an increased amount of tertilizer. 
For the present, the Government faces a seri
ous foreign exchange crisis and must make 
some difficult choices. Significant though small 
increases in foreign exchange earnings can be 
generated over the short term by exporting sur
plus urea whereas larger increases can be real
ized over the long term by allocating this 
fertilizer for use on rice and upland crops. 

The team recommended that Burma shift 
from exporting its surplus urea fertilizer to using 
the fertilizer domestically to increase the produc
tion of rice and oilseeds. Secondly, it was 
recommended that fertilizer prices at the farm 
level be increased to more closely approximate 
the actual cost. Additionally, recommeidations 
on phosphate and pot.sh fertilizers should 
reflect local conditions, taking into account 
differences in soil fertility, climatic 
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conditions, and profitability of use, particularly 
for upland crops. These actions will result in in- 
creased foreign exchange earnings on rice, con-
servation of foreign exchange by reducing the 
import of cooking oils, and a decrease in subsi-
dy with a resultant increase in local currency 
available to the Government that could be used 
for priority areas of agricultural development, 

The team also recommended that the efficien-
cy of Rangoon Port be improved in regard to 
handling fertilizer imports. In addition, another 
recommendation called for an increased role of 
rail transport in moving fertilizer from Rangoon 
Port to central and upper Burma. 

Further, the Government was urged to begin 
now in planning the construction of additional 
nitrogen capacity (to be commissioned by the 
mid-1990s) to satisfy rising domestic needs as 
well as generate foreign exchange by exporting 
surplus production on the international markets. 
As for raw materials, Burma has ample quanti-
ties of low-cost, good-quality natural gas. 

The team suggested that these and other 
recommendations be integrated into a national 
fertilizer program. 

India 
An IFDC staff member participated in a World 

Bank team that advised the Government of 
India regarding improvements in its fertilizer sec
tor, including the establishment of a network of 
inland rail terminals. The IFDC staff member 
provided advice on fertilizer transport, handling, 
layout options and costs, and consideration of 
bulk and bag movement options. 

The Philippines 

The Government of the Philippines has decid-
ed to carry out an extensive evaluation of USG 
technology and its value to smallholder rice 

Fertilizer is one of the most important inputs 

for agriculturalproduction in Bangladesh. In fact, 

current increases in crop production levels can be 


maintained only through more intensive fertilizer use 

on most of the soils. 


farmers. Four pilot areas have been selected, 
farm surveys completed, and field trials begun. 
The work is being carried out by the Philippine 
Rice Research Institute through the Fertilizer 
and Pesticide Authority, both of the Department 
of Agriculture. IFDC has provided supplies of 
USG and technical assistance. An IFDC sociolo
gist was involved in the development of a ques
tionnaire to assess the socioeconomic 
constraints to the adoption of USG technology 
by small rice farmers. A soil scienist assisted 
by designing the experiments. The initial work in 
two provinces will be expanded to other 
provinces through 1989, and IFDC will continue 
to collaborate on the Project. 

'TIrkey 
IFDC fertilizer production specialists assisted 

KREBS, a French engineering firm, in respond
ing to a tender issued by a Turkish fertilizer 
manufacturer. The Turkish firm proposed to 
modify an existing granular triple super
phosphate (GTSP) plant to enable the produc
tion of a number of urea-based NPK products in 
addition to GTSR IFDC provided KREBS with a 
basic process design package for the NPK 
modification to enable them to respond to the 
tender and, if successful, perform the necessary 
detailed engineering for implementation of the 
modification project. 

National Programs 

Bangladesh 

During 1987 the BADC/IFDC host-country 
technical assistance contract was initiated under 
the USAID-funded Fertilizer Distribution Improve
ment II Project (FDI-II) as a followup to the FDI-I 
project. IFDC's involvement in Bangladesh has 
been continuous since the inception of the FDI-I 
project in 1979 with BADC, a public-sector 
agricultural input marketing organization. 

The goal of the FDI-II project is to inciease 
food production by increasing fertilizer consump
tion through more responsive and cost-effective 
distribution and use of fertilizer while simultane
ously continuing ensurance of adequate sup
plies of fertilizers nationwide. The project 
focuses on consolidating the marketing develop
ments of the FDI-I project and continuing the 
process of developng private-sector involvement 
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in the distribution of fertilizers. The project seeks 
to expand the role of the private sector in large
wholesale, competitive fertilizer procurement and 
to 	transfer fertilizer technology to farmersthrough fertilizer dealer development programs. 

Fertilizer is one of the most important inputs 
for agricultural production in Bangladesh. In 
fact, current increases in crop production levels 
can be maintained only through more inte-isive 
fertilizer use on most of the soils. A recent 
stuidy indicated that the annual rate of increase 
in 	rice production has been maintained at 
2.43% during the past 10 years ever ihougn 
area under padd,, leveled off during the past 5 
years. Increasing the use of fertilizer accounted 
for about 3 0% of increased rice production. 

IFDC team members based in Dhaka made 
an assessment of fertilizer nLarketing in 
future in pursuar ce B ,of 	 the terms of reference fo 

the technical assistance contract. The obje.tive 
of the study was to assist BADC management 
in identifying problems and orospects for the f-
ture improvement in ferlilizer marketing and for
mulating a policy based on experiences from 
the past. 

Changes in the organizational structure are 

, , 
I . .
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-
problems were caused by large requirements for 

wertih'w, A plant w,
transpoilation o imported food grain follow'ng kerthe disastrous floods in August 1987. To meet sews ufertilizerbug (it the, hrib co
the needs of the future, the IFDC team recom- Fertiliz-cr Iwtcr\, (it 
mended that BADC must modernize fertilizer 
movement, planning, and implementation. The 
disribution of fertilizer should be streamlined so 
as to fully suppor the private-sector involvement 
i 
in the distribution of fertilizer. As a first siep, 
BADC liberalized its marketing policy and

essential in order to adapt to the changing mar-whlsedicutpc fosxsragclyoffered wholesalers large lots of fertilizers at a 
keting system, which is required to meet the 
needs of Bangladesh farmers. During the fhrst 
year, IFDC has assisted with identifying some 
redirection for BADC, including a draft 
reorganization. 
after a study of. 

1-	 The work that BADC doesthat can At now and waysbetnowassist with the development 
of agriculture in B wingladesh, 

2. 	An evaluation ot each work activity to deter-
mine its link to achieving the agricultural de-
velopmenr objectives. 

3. 	 A redefinition rf the work to take advantage 
of the unique skills within the BADC fertilizer 
unit. 

4. 	 A determination of reporting relationships to
eliminate some line positions, reduce rigidity,and create more specialists, 

Fertilizer demands have increased rapidly
Fertlizrhvedmanscresedrapdly 

(about 6.5% per year) during the past few years,
and distribution has become more complex.
One of the major problems encounteredOne f th maor bybypoblms ecoutere 
BADC during 1987 was distribution of fertilizer 
on a timely and cost-effective basis. Some 

wholesale discount price from six strategically 
located TDPs, including two local factories 
producing urea fertilizer. In spite of many con
straints, fertilizer sales have been vigorous, par
iiculariy al these TEiPs. 

IFDC has attempted to assist BADC with solving supply and distribution problems by continu

ous monitoring of supply/demand conditions and
 
advising BADC of potential problems and alternative solutions. The introduction of a TDP sys
tem will ultimately provide for increased 

private-sector involvement replacing the public 
sector in district-level fertilizer marketing and dis
tribution. IFDC visualizes that within a reasona
ble time period competition arong wholesalers 
will result in improved distribution of fertilizer 
and overall cost savings for farmers.TIhe IFDC team based in Dhaka continued to ave and as A DCsd a dontadvise and assist BADC's dealer development
and training office in close monitoring of fol
lowup activities. A team composed of three 
specialists from Management Systems Interna
tional and one EFDC Headquarters staff member 

designed a monitoring, evaluation, and reporting
system for the Bangladesh fertilizer sector. Also,the IFDO/Dhaka staff provided considerable as
tae in the sigff the syseSne tse 

sistance in the design of the system. Since the 
project is designed to leave behind an 
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essentially self-regulating competitive fertitizer 
distribution sector, the logframe for the FDI-Il 
project was expanded to reflect objectives and 
information needs of all major components of 
the fertilizer sector (fertilizer dealers, banks, 
government agencies, and donors). Certain key 
objectives and indicators weie reformulated to 
change them to a monitorable form. The pro-
posed system includes only minor modifications 
in the ongoing or planned project monitoring 
and evaluation but does give a detailed outline 
for systematically collecting and providing need-
ed information for making management deci-
sions in all segments of the fertilizer sector. 

Aside from dealer followup and increased 
support from BADC high-level officials, two 
topics of new training programs were identified 
to be relevant. The lirst was a training program 
for the wholesalers who service a region or divi-
sion. Second, the traditional monthly programs 
need to be replaced by six crop-oriented training 
programs per year for small dealers. Crop-
oriented programs being considered are the pro-
grams for Aus, Aman, Boro (paddy) wheat, 
winter vegetables, potato, and summer vegeta-
bles. Tentative curricula for the large wholesal-
ers' training program have been identified. 
However, program length, time allocation among 
topics, and methods/materials for training are yet 
to be determined. For crop-oriented programs, a 
program length of one day is being considered 
and curricula are being developed. 

IFDC looks forward to its second year in as-
sisting the project and confidJently anticipates ac-
celerated and intensified competition in the 
fertilizer marketplace. 

Indonesia 
The collaborative work between IFDC and 

AARD, which began in 1982, took on new 
meaning in 1987 as the national economy en-
countered major constraints. 

The drop in export-generated revenues due io 
low international prices of oil and industrial 
crops has placed considerable stress on finan-
cial reserves of the Government and the operat-
ing budgets of the various Ministries within the 
Government. Specific concern has been raised 
regarding the cost of the fertilizer sector to the 
national economy. 

Historically, the Government of Indonesia 
(GOI) has viewed the fertilizer industry as stra-
tegic to achieve its basic food self-sufficiency 
objective. During the past two decades, industry 

has aimed to fulfill the GOl's major objective of 
increasing domestic production of fertilizer and 
delivering it to the farmers at highly subsidized 
prices. The main industry focus has been to in
crease capacity and production to meet in
creased demand and substitute for imports (only 
5% of fertilizer sales in 1987). As a result of 
these policies, fertilizer subsidies soared. The 
subsidy paid by the GOI to the fertilizer sector 
in 1986/87 fertilizer year totaled Rp 583 billion 
(US $500 million). Average subsidy per ton of 
fertilizer used was Rp 128,000 (US $80) for all 
products with that for TSP averaging Rp 229,000 
(US $143) or about 50% of the total fertilizer 
subsidy. 

The recent oecision of the Government to 
drastically reduce the financial burden of fertiliz
er subsidies has placed great urgency on the 
National Program on Fertilizer Efficiency and 
specifically AARD to identify ways in which in
creased fertilizer efficiency at all levels can
 
minimize the impact that increased fertilizer
 
prices will have on crop production.
 

Work done earlier in the joint AARD/IFDC
 
Project had revealed that on the acid P
responsive soils of Sumatra finely ground
 
phosphate rock of medium to high reactivity
 
was agronomically equal to TSP or partially
 
acidulated phosphate rock in supplying phos
phorus for maize, rice, soybeans, cowpeas,
 
and cassava.
 

Studies were begun in 1987 to ascertain
 
where and under what conditions medium to
 
highly reactive rock would be competitive with
 
domestically produced and/or imported TSR
 
Preliminary analysis has revealed that P205 in
 
the form of phosphate rock can be delivered
 
to the farmer in Sumatra at 27% below the
 
cost of a similar amount of P205 supplied as
 
imported TSP. Most importantly both imported 
phosphate rock and imported TSP were more 
cost-effective means of supplying unsubsidized 
TSP than phosphate from domestic produc
tion. These finding- have a very important 
bearing on the Governriient's strategy to 
reduce the financial burden without impairing 
targets for food production. Clearly phosphate 
rock for direct application has a strong poten
tial in Sumatra to achieve Government goats 
in an unsubsidized environment. To turther 
evaluate this potential, investigations were also 
launched to determine the importance of 
grinding phosphate rock of high reactivity. 
Seven field sites were selected in Sumatra 
where phosphate rock of various sources, 
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ground and unground (run of mine), ate being to improve its operation. 
compared under a variety of agroclimatic 2. Identity thiO areas in which commercially pro
conditions. 	 duced USG would be used. 

Work also continued on finding a low-cost 3. Identify the location where the first briquetters 
means of supplying USG to the rice farmers of will bc installed. The suggestion is to locate 
Indonesia. This was the main bottleneck in get- them at fertilizer dealers in order to benefit 
ting USG technologies used by the farmer. from immediate availability of urea and elec
(Note: Earlier work had shown deep placement tricity and the interest of the dealer in 
of 	USG could produce the same :ice yields as promoting the use of USG. 
broadcasting of prilied urea with 40/6 less nitro- 4. Conduct USG production training programs 
gen ) Considerable work was done with CSR of for the potential dealers. 	 Rfmon Lizo dehi 
AARD and MIDC in testing a Chinese-made 5. Determine the production capacity and oper- Vega. IF.. ' Special 

Proj- ' E; gineer,andvillage-level briquetter for producing USG. It can ating ran_-; per briquetter after the use of Enii Sut, rta, AIIDC 
be 	concluded from this work that a relatively USG increases. This would define how many Ae1'ha ica,' Engineer,
simple and economical technology has been briquetters are required in the future and obserue the operation 
found to fabricate small-scale briquetters that where they should be located. 	 of the briquetter 

will produce USG at an affordable price for 
farmers. Some of the benefits expected to arise 
from this technology are as follows: 

1. With USG the small farmers willing to hand
 
deep place USG will be able to save money
 
by using less fertilizer or by producing more
 
rice using the same amount of fertilizer.
 

2. A new small-scale industry to manufacture 
briqLetters will develop, thereby generating
 
new jobs in rural aieas.
 

3. 	 The USG prcducer will benefit from an in
creased income, which will raise his standaid 
of living. 

4.Reducing the nitrogen losses will decrease 
the pollutants released into the atmosphere I
 
and water systems of the country. ."
 

5. 	Producing more rice wi!l enhance the agro- ' 

nomic self-sufficiency of Indonesia, resulting 4 
in 	decreased food imports and a consequent .: 

saving of foreign exchange. 

The results were presented at the Annual 
Review of the I'lational Fertilizer Efficiency Pro
gram. The following strategy was proposed to 
implement the production of USG by briquetting 
at the dea!er or village level. 

1. 	Identify a potential company to fabricate the 
prototype briquetters. This company could be 
MIDC because it is a government-owned 
company that has a mandate to develop pro
totype machines and provide small-scale in
dustry with the technical information 
necessary for fabricating equipment on a 
commercial basis. The prototype briquetters 
to be fabricated will be designed in a joint ef
fort between MIDC and IFDC. This briquetter 
will incorporate the necessary modifications - - - . 

7 
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6. 	 When additional information is obtained on 
the use and marketing of USG (3-5 years), 
perform a feasibility study including eco-
nomic, marketing, and distribution aspects 
to determine the benefits of using a larger
scale briquetter. 

7. 	 If the results from this study are encourag-
ing, secure a cornrnercially built pilot plant-
scale briquetter to cover the market de-
mand. This larger briquetter would provide 
the possibility of producing compound fer-
tilizer with its extra capacity. 

8. 	 As this technology is adopted by farmers in 
Indonesia, begin to transfer the technology 
to neighboring countries. 

9. 	To avoid duplication of efforts, conduct 
seminars and conferences (at least twice a 
year) in Indonesia and include participants 
from other countries. 

If this technology can be successfully trans
ferred to the farmer; the GOI will have found a 
way to successfully reduce the fertilizer subsi
dy with minimal impact on the profitability of 
using fertilizer by the farmer and with almost 
no negative impac! on rice production. Work 
on finding ways to successfully transfer this 
technology will continue in 1988. 
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Building on the Latin American Foundation
 

The population of Latin America ha& been 

increasing at an average rate o,(2.3%/year
 
during the past decade. To meet the ever-
increasing need for food, Latin American coun
tries can resort to increasing productivity 
and/or to axpanding croplands where available. 
Increases in productiity c in be achieved 
through the use of agrochemicals and irn-
proved seeds, expansion of irrigated systems, 
and the adoption of improved cultural prac
tices. Increases in total food production can 
also be achieved through the incorporation of 
new or marginal lands into the production 
process. In Latin America there are large 
areas of marginal low fertility lands that have 
agricultural potential. However, lack of ap-
propriate infrastructure and high transportation 
costs to densely populated urban centers 
preclude their fast incorporation into the 
agricultural production process. Therefore, to 
meet the ever-increasing demand for food, in-
creasas in productivity along with a systematic 
incorporation of new or marginal lands are 
necessary. IFDC's efforts in research, technical 
assistance, and training are aimed at assisting 
Latin America in meeting its food 
requirements, 

T,,
 

7,pical fertilizer 
- .transportation in the 

S - "". 	 Antioquia-Andean 
Zutne, Combia. 

Research Activities 

Nitrogen Research 

Rhizobium/Fertilizer Research 
Grain legume crops, such as chickpeas, 

pigeon peas, mung beans, common beans, 
lima beans, and soybeans, are important pro

lb meet the ever-increasing need for food, Latin 
American countries can resort to increasing 

productivity andor to expanding croplands where 
avaailable. increases in productivity can be achieved 

th 	 ce aie 
through the usc of agrochemicals and 	improved seeds,
 

expansion of irrigatedsystems, and the adoption of 
ilnproved culturalpractices. 

tein sources in many parts of the developing 
world. The yield of these crops are, however, 
generally quite low, usually averaging only 
about one-third of that of cereal crops grown 
under the same conditions. Due to their nutri
tional importance, increasing legume yields 
has been given a high priority in tropical 
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( 
on a wide variety of fertilizer substrates using 
different granulation binding agents. In this, 
the third and final year of the project, signifi
cant improvements in the inoculant's quality 
were achieved using phosphate rock as a car
rier and a new slurry production process. The 

r initial Rhizobium population in these new in
oculants consists of approximately 100 mil
lion/g of product. This compares very well with 

1 tpeat-based inoculants and, because the bac
--. teria are freeze dried, they have much less 

sensitivity to high temperatures. Field tests of 
,~ these new Rhizobium inoculant products are 

now needed to evaluate their agronomic 
- performance. 

Phosphate Research 
I)nin, a UNvI)J, agricultural research. Two important constraints Soil surveys conducted in tropical Latin 

R,i,,v of t, to legume yields in the tropics have been identi- America indicate that there are L at 
tion !'mj,,,'t (it fled as phosphorus and nitrogen nutrition. When 1.5 billion ha of arable land of which 1.2 billionIIhuart,r . the roots of legumes are associated with Rhizo- or 82% of the total exhibit phosphorus defi1h) Amit 11. ltv bium bacteria, they can fix nitrogen from the at- ciencies. These soils are generally character(right). IFI'(,S1,,/ mosphere, thus reducing the need for expensive ized by t-eir acidity 	and low fertility but which
ProjcCt .- i'ro,r chemical nitrogen fertilizers. However, for opti- can b eirpa t d ot e riltual 

.vxpairv th, ,lj,[n 	 can be incorporated into the agricultural
offi,, /, rator", t; mum nitrogen fixation to occur, adequate soil production process once the fertility limitations.'rl/alt,n it,, ,, phosphorus and an efficient strain of Rhizobium have been removed 	through the use of soil([rnm ITt) I)r lu;'rnan must be present. amendments and fertilizers with a high phos(t) A ,,,,,r, IFDC 	has been collaborating in a project enti- phorus content.O~r Ghutir lhunlarso, tled ''Maximizing Crop Production Through Bio- h rsc ne t
 

)i F,,,/,r,., ed,,v, 
 In Latin America, with the exception of Brazil,and I)r Ptr (;u,, 	 logical Nitrogen Fixation" with the International all countries depend to some degree on phos-Center of Tropical Agriculture (CIAT), based in phate imports to supply their market needs. This
Cali, Colombia, and the Boyce Thompson Insti- is true even though a large number of countries 
tute in the United States. This project is funded have substantial phosphate rock reserves, which
by UNDP IFDC has concentrated its efforts on could be used to supply the need for phos
the development of a fertilizer-based inoculant phates. The development of phosphate reserves 
that will deliver both an efficient Rhizobium is especially attractive sir,:e it represents say
strain and needed nutrients to the crop root ings in foreign exchange through the reduction 
zone. The use of conventional peat-based Rhizo- of phosphate imports and potential increases in 
bium inoculants in the tropics has been slow to food production due to an increased use of 
develop because suitable peat is rarely available readily available fertilizers. 
in the tropics in economic quantities. Peat-based 
inoculants cannot stand desiccation or tempera
tures above 30Q351C, both of which can fre- The development of phosphate reserves 
quently occur in the agricultural inputs storage is especially attractive since it 
and distribution systems prevalent in tropical de
veloping countries. The project objective is to represents sauings in foreign
develop an inoculant 	using as a carrier a fertiliz- e'change through the reduction of 
er that is locally available, will provide needed phosphate imports and potential
nutrients, and will maintain viable Rhizobium increases in food production due
under the storage and handling conditions to an increased use of readily 
found in the tropics. aailablefertilizers. 

In the first 2 years of the project, inoculants 
were made by spraying freeze-dried Rhizobium 
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For these reasons, during the past 10 years IFDCHeadquarters'
IFDC's phosphate project, based at CIAT in staff provide ualuable 
Colombia, has concentrated on phosphate backstopping to the 

research and technical assistance aimed at research. fere, 

finding an effective means of using indigenous Dr.Angel Calh,(
reserves of phosphate rock. Visiting'Scientist, 

xallls(' a green
house rice 

CIAlBased Colombian Research expe 'erit. 

The phosphate project conducted coopera
tively with CIAT in Colombia and funded by 
IDRC has carried out a number of experiments 
in two agroclimatic zones of the Colombian 
Andes. These zones include the middle and 
high altitude tropics where, except for rice, 
most of the important phosphate-consuming 
crops, such as potatoes, sugarcane for "pa
nela," beans, and maize, are grown. Most of 
the experiments were located on farmers' 
fields and conducted in collaboration with the -

Instituto Colombiano Agropecuario (ICA) Soils 
Program. Only a few pasture and potato ex
periments were located in ICA's Experiment 
Stations. Water requirements for experiments 
were provided exclusively by rainfall. 

The two regions where experiments were es
tablished represent two agroclimatic zones 
typical of the Latin American midaltitude and application with three phosphorus sources 
the highland tropics. With some exceptions the confirmed the results previously obtained. 
soils are generally acid, low in available phos- Higher yield increases, higher net returns, and
phorus, high in phosphorus-fixation capacity,inex-harvestshighinad lo lumium higheratuatio,agronomic efficiencies can be obtained A research warker 
high inaluminum saturation, and low inex-

changeable calcium and magnesium. Soils 
that are high in available phosphorus are low 
in phosphorus-fixation capacity. 

Objective-The objective of the last phase of 
the phosphate project was to identify the 
potential use of domestic phosphate reserves 
in Colombia. This study emphasized govern
ment policies that, ifimplemented, will pro
mote the use of domestic phosphate rock 
reserves. Also, the study identified tho condi-
tions under which the development of the 
domestic reserves is a feasible alternative. 
These conditions relate to the fertilizer market, 
fertilizer supply, nature of phosphate reserves, 
and the availability of raw materials for the 
manufacture of fertilizers. The study was com
pleted during 1987 and will serve as a model 
to conduct similar studies in other countries in 
the Andean zone and/or developing countries 
with phosphate reserves. 

Agrononic and Economic Evaluation-
Agronomic and economic evaluation of experi
ments performed to evaluate two methods of 

kingruss 

with TSP and partially acidulated Huila phos- pasturefron a phos
phate rock point placed rather than broadcast. phorzs source experi-
These two products have an overall perfor- mea t in ICA's El Nus 
mance much better than that of finely ground Experiment Station, 
Huila phosphate rock. Antioquia, Colombia. 

- .. ... 
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With respect to the time of application for 
the Huila phosphate rock, the agronomic 
response net returns and value:cost ratio were 
superior when the phosphate rock was applied 
broadcast and incorporated 30 days before 
planting. Applications of Huila phosphate rock 
15 days before planting did not improve the 
agronomic effectiveness of the phosphate
rock. Similar results were obtained with partial-
ly acidulated Huila phosphate rock when it 

A orker harvest .o 

was applied 30 days before planting. Applica-
tions of these materials 30 days before plant-
ing produced a good liming effect on acid
soils with high aluminum saturation. TSP was 

t ig aneexperiet. 
in .1,1tio i,)(II

(oI,,mbi,. 

most effective when applied at planting time. 
Experiments on residual effects of Huila

phosphate rock applied as an amendment in-

dicate that for a second crop of beans this 
material produced 'he highest yield increase if 
compared to lime or to a mixture of lime and 
Huila phosphate rock. Economic evaluations of 
these experiments indicate that for the first 
planting TSP alone or applied with basal appli
cations of Huila phosphate rock gave the 
highest yield increases, net returns, agronomic
efficiency, and value:cost ratios. For the se
cond planting the best economic results were 
obtained when TSP was reapplied over the 
previous application of lime as soil amend
ment. For soils with high phosphorus fixationcapacity and low available phosphorus, Huila 
phosphate rock could probably be recon,
mended not as a phosphate fertilizer but as aneffective soil amendment. A mixture of Huila 
phosphate rock and dolomitic lime could be ef
fective for soils with higher available phospho
rus and high aluminum saturation. For soils
 
having medium-to-low aluminum saturation
 
(50%-10%) and relatively low phosphorus
fixation capacity, TSP applications without ap
plications of soil amendments would be the 
best recommendation. 

Agronomic and economic evaluation of ex
periments with beans and potatoes showed
 
that mixtures with chicken manure or TSP
 
gave consistently higher crop yields than mix
tures of Huila phosphate rock with acidifying
materials like ammonium sulfate or sulfur. Mix
tures that contained ammonium sulfate as a 
source of nitrogen and sulfur were generally 
better than mixtures that used urea as the
 
nitrogen source. Results of experiments with
 
mixtures incubated anaerobically and nonin
cubated indicate that the incubation procedure
 
used and the acidulating materials used to
 
prepare Huila phosphate rock mixture did not 
seem to improve the agronomic efficiency of 
the phosphate rock. 

Using mixtures of Huila phosphate rock with 
soluble phosphate fertilizers such as TSP, 
monoammonium phosphate (MAP), or DAP
produced the highest valuo:cost ratios and 
yields of maize and beans similar to those 
produced by the same total amount of phos
phorus using TSP alone.During 1987 experiments with potatoes, 
beans, maize/bean, sugarcane, plantain, 
pasture grasses, and rice were established 
with the collaboration of ICAs Soil Program to 
compare and measure crop response to vari
ous phosphorus sources under different environments. In general, resulis of the economic 
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evaluation of the potato and bean experiments 
indicate that the application doses, net returns, 
yield increases, agronomic efficiency, and 
value:cost ratios for two partially acidulated 
rocks, Huila and Pesca, and for TSP were very
similar and all superior to the untreated phos-
phate rock. 

1987 Phosphate Network Activities 
During 1987 IFDC, CIAT, and national 

research institutes or universities from Bolivia, 
Costa Rica, Colombia, Ecuador, Mexico, Peru, 
and Venezuela carried out a cooperative 
research project (Latin American Phosphae 
Network) to identify more effective sources of 
phosphate fertilizer for use on acid soils of 
tropical Latin America. Emphasis was given to 
management of phosphate fertilizers, especial
ly methods and timing of application, use as 
soil amendments, and methods of acidulation 
and mixtures with organic and inorganic 
materials. These fertilizers were tested on 
potatoes, sugarcane, beans, and maize. The 
research was funded by IDRC of Canada. 

Finely ground phosphate rocks from Colom
bia, Mexico, Peru, and Venezuela were found 
to be effective phosphate fertilizer sources on 
the acid Oxisols and Ultisols of the lowland 
tropics of Latin America. It was found that 
these phosphate rocks and others from Bolivia 
and Ecuador did not provide adequate quanti
ties of soluble phosphate for cropping systems 
of the middle and high altitudes of the Andean 
region. However, experiments conducted in 
Bolivia and Peru showed that increasing the 
amount of water-soluble phosphate through
 
the use of partially acidulated phosphate rock
based products can extend the use of in
digenous phosphate rock to less acid or to 
neutral infertile soils. It has also been con
firmed that in zones where direct application 
of finely ground phosphate rocks was not ef
fective, a partial acidulation with sulfuric acid 
was necessary to achieve high yields, similar 
to those produced by conventionally produced 
soluble phosphate fertilizer applications, 
Preliminary economic studies indicate that 
production and use of phosphate rocks and 
PAPRs may provide a feasible alternative to 
importations of fully acidulated phosphates to 
the Andean countries, 

Network Symposium on Latin American 
Phosphate Rocks-A symposium conducted 
during 1987 in Cali, Colombia, served as a 

forum for participants in the Latin American
 
Phosphate Rock Network to summarize their
 
findings on "Alternative Uses of Native Phos
phates in Tropical aid, Subtropical America."
 
The Network of Collaborators was formed as a
 
part of a research project funded by IDRC,
 
which concluded with the symposium hosted
 
by CIAT.
 

Representatives were present from Bolivia,
 
Brazil, Colombia, Costa Rica, Ecuador, Peru,
 
Mexico, and Venezuela to share their ex
periences concerning the use of natural and 
modified phosphate rock fertilizers in the wide 
range of soils and cropping systems encoun- A Colombian farmer 
tered in Latin America. The event was also at- helps harvest pota
tended by approximately 100 research and soturce exp'?rifl(,flts 1,ntoe., from phosphoru 
fertilizer sector representatives. Nariia 

Technical Assistance 

Argentina 

In mid-1987 GEASA, an Argentinian project
development organization, initiated a fertilizer 
granulation plant project on behalf of a client 
in Paraguay. The proposed factory would 
produce DAP and a number of NPK products 
primarily for use in Paraguay. However, some 
product may also be supplied to other coun
tries in the region in exchange for raw materi
als such as ammonia and phosphoric acid. 
The plant would have a nominal capacity of 
100,000 rntpy. IFDC assisted GEASA in 
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obtaining proposals for engineering and equip-
ment supply from a number of U.S. engineering 
and equipment firms. IFDC engineers reviewed 
the proposals, met with the prospective en-
gineering firms to resolve/clarify technical ques-
tions, and recommended a course of action to 
GEASA. 

Colombia 

Instituto Coloinbiano Agropecuarios (ICA) 
At the request of ICA of Colombia, IFDC col-

laborated with researchers from this institution in 
the development of a system to provide fertilizer 
recommendations for major food and cash 
crops. 

The system is based on research results and 
soil-testing data obtained from experiments car
ried out in key agricultural areas and from soil 
results obtained through a regular service 
provided to the farmers by ICA laboratories. 

The system is in the implementation stage. 
Computer programs have been developed that 
access experimental data and adjust values to 
provide a fertilizer recommendation for one 
specific area and crop. The system allows for 
updates and revisions of the recommendations, 
depending on ongoing research results. Com-
plementary to the recommendation system, 
based on soil testing, guidelines have been 
given for the fertilizer use laboratory results, 
based on tissue analysis, for fertilizer recom-
mendations in annual and perennial crops. 
Guidelines have been given on how to integrate 
into the system results of water analysis for irri-
gation purposes. 

A data base management system has been 
designed that includes results from soil and fer
tilizer experimentation, fertilizer production, 
sources and blends available in the market, and 
prices of crop and fertilizer products. The sys-
tem is still in the design stage. 

Abonos Colombianos, S.A. 
After considering several alternatives to 

revamp a nitrophosphate-based NPK plant to 
improve output. increase efficiency, and
decrease pollution, Abonos Colombianos, S.A. 

(ABOCOL) decided to sponsor the required 
process research and development in pilot-plant 
scale at IFDC. The tests were designed to de
termine important parameters affecting operation 

of the wet section of the plant where ND or 
NPK slurry is made for several different formula
tions. The data gathered were used to provide a 
basis for recommendations to ABOCOL for 
process and equipment modifications. 

Ecuador 

A company in Ecuador sponsored an IFDC 
engineer to inspect a fertilizer granulation plant 
in order to improve its cost effectiveness. The 
present operation is oriented to bulk blending of 
granular fertilizers based on imports. The study 
concluded that granular MAP could be 
produced in the plant in lieu of importing DAP, 
resulting in a substantial annual cost savings. 

Venezuela 

Fertilizer Blending 'Taining Program 
At the request of PALMAVEN, S.A., the mar

keting affiliate of Petroquimica de Venezuela, 
S.A. (PEQUIVEN), the fertilizer-producing sub
sidiary of Petroleos de Venezuela, S.A. (PDVSA), 
and the administrator of Venezuela's petroleum 
sector, IFDC conducted a fertilizer blending 
training program in Caracas, Venezuela, during 
1987. 

The main objectives of the program were to 
intruduce participants to the production, market
ing, and use of blended fertilizers; and to pro
vide information for use in developing 
PALMAVEN's technical assistance and market 
development programs designed to prepare 
farmers for the blended NPK fertilizer that 
PEQUIVEN is planning to produce. 

Blending Project 
In addition to the training program, assistance 

was also provided to PEQUIVEN and 

PALMAVEN in evaluating the production, trans
portation, warehousing, handling, and distribution requirements for a major new blending 
facility. The PEQUIVEN proposal was for a 
sophisticated plant with automated handling fa
cilities. As a result of this assistance, the project
cost was significantly reduced. 
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Developing the Human Factor
 

The primary objective of IFDC's mission is 
to aid developing countries in increasing food 
production through the expanded and more ef-
ficient use of fertilizer. The achievement of this 
goal generally involves assisting these coun-
tries in overcoming those supply, marketing, 
and use constraints that limit the use of fer-
tilizer by farmers. In many parts of the de-
veloping world the lack (. sufficient numbers 
of skilled management and technical person
nel poses a serious impediment to developing 
and transferring appropriate fertilizer technolo-
gies that will increase the cost-effectiveness 
and profitability of fertilizer use and thereby at-
tract nire farmers to its use. In many develop-
ing couifirebhurian resource development is 
hampered by shortages of people, facilities, 
and funds to train adequate numbers of 
managers and technicians to plan, organize, 
and operate the essential fertilizer production, 
marketing, and use research components of 
an effective fertilizer sector. Recognizing the 
severity and scope of the problem, IFDC-
through a grant frorr UNDP-has made 
human resource development a principal and 
integral part of its overall fertilizer technology 
development and transfer program. 

Participantsin the 
Fc'tilizerMain

t~lenact' Afanageinent 

and Production 7Tch
71z T'aining Prooiogy 
grain work on a case 
stud 'i/hey are (from 

left): Luis Eduardo 
Ferreire )ias (Brazil), 
S. S. Sohal India), 
and Ibrahim Al Alar

zouka (United Arab 

Emirates). 

Since its establishment in 1974, IFDC has 
conducted 241 general and specialized train
ing programs that have afforded knowledge
strengthening opportunities to over 3,200 in
dividuals from over 100 countries spanning the 
globe. IFDC's training programs are directed 
toward building and strengthening the 
management and technical skills of 

In many parts of the developing world the lack of 
sufficient numbers of skilled management and 

technical personnelposes a serious impediment to 
developing and transferringappropriatefertilizer 

technologies that will increase the cost-effectiveness 
and profitability o/fertilizer use and thereby attract 

more farmers to its use. 

developing-country personnel in a broad array 
of disciplines related to fertilizer production, 
marketing, and use efficiency research. Train
ing programs are geared principally to enhanc
ing the capabilities of junior- and middle-level 
managers and technical professionals who 
have demonstrated further career development 
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Participantsin the Fertilizer 
Aarketing Management 7Yfin

ing 'rogran [from h/f.: IrisGonzales [D~ominican lRcpublic],., 

It. Vijay Igia an [In dia], and 
A IS. 'i,i itaranian [Indial) 

visit a farmer's field in Florida 
rl'.S.A .. 

4di W 

potential and more senior-level managers,
henry Ogol, Matnag- planners, and administrators having decision-

ng I)re, or AII.4 
o,r , ,.
ii. i' making roles in their organizations. 

ifogiotal Fertilizer IFDC provides general (group) and special-
Marketing 'hzining ized training programs tailored to serve the 
Program). condlucts needs of individuals, public- and private-sector 
participantsof that organizations, and development agencies en-

prograt o a tour o] gaged in fertilizer and agricultural sector de-

the soils laborator ' of
 

the AI:'.4 fertilizr 	 veiopment activities. General training takes the 
factory at Nakuru 	 form of training programs, workshops, and 

seminars. These programs are conducted at 
IFDC Headquarters and/or at other U.S. loca-
tions and at conveniently accessible locations 
in Asia, Africa, and Latin America. The over-
seas programs are often cosponsored by and 
carried out in association with international, 
regional, and national organizations involved in 

." F " -"
 

_,.,.	 m "L,
 

fertilizer sector development. General training 
program faculties are drawn from the IFDC 
staff and increasingly from subject-matter 
specialists from developing countries. These 
account for over 30% of total program presen
tation time. 

General training programs are structured to 
appeal to and meet the needs of broad seg
ments of fertilizer-sector personnel engaged in 
various aspects of fertilizer production, market
ing, and use efficiency research. Programs are 
open to all qualified applicants. They range in 
length from several days to up to 6 weeks; 
however, most are of 2- to 3-week duration. 
Training program methodology features 
presentations by subject-matter specialists and 
stresses active participant involvement in or
ganized discussions, practical problem-solving 
exercises, and hands-on demonstrations to 
facilitate and enhance the learning experience.
Field trips are generally an integral part of 

most training programs. They provide par
ticipants opportunities to observe the practical 
application of knowledge gained in the class
room and to expand on this knowledge base 
through first-hand 	discussions with personnel
actively engaged in fertilizer production, mar

keting, and use research. Farm visits offer par
ticipants the chance to observe and discuss 
fertilizer use and 	application practices with 
farmers. 

Participants' interests and training expecta
tions are determined through discussions and 
completion of questionnaires. This information 
is essential in planning program curricula and 
implementation methodologies. Training 
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programs are evaluated by participants to fur-
ther assist IFDC in planning new or revised 
programs to better meet participants' needs. 
Program content and training techniques are 
continually updated and upgraded to keep 
pace with the latest innovations in fertilizer 
sector development and operation. 

In implementing training programs, IFDC 
employs advanced adult learning techniques, 
including computer-assisted simulation exer-
cises, case studies, and role playing. Audi-
ovisual components are featured to add clarity 
to and sustain interest in presentations and 
demonstrations. The manner in which the pro
grams are organized and conducted en-
courages participants to exchange personal 
experiences and views within and outside the 
classroom on problems of mutual interest. In 
selected programs participants are tested at 
the beginning and conclusion of the program 
to aeterrnine the impact on the participants' 
knowledge level of the subject under study, 

Specialized training programs are designed 
to meet the specific requirements of one or 
more individuals or organizations. These pro-
grams are Usually conducted at IFDC Head-
quarters where specialized personnel and 
equipment are available, but they may also be 
carried out at other locations within or outside 
the United States as circumstances dictate. 
Specialized training programs may extend 
from several days to a year or longer and may 
cover topics related to virtually any aspect of 
fertilizer production, marketing, and use. 

IFDC is fortunate in being able to draw on 
the support and cooperation of many organiza
tions and individuals in carrying out its activi
ties in human resource development. As noted 
earlier, various public- and private-sector or
ganizations often cosponsor and work with 
IFDC in implementing regional and national 
training programs. Special recognition is due 
UNDP where funding support has enabled 
IFDC to expand the number, types, and fre
quency of training program offerings to better 
respond to the needs of fertilizer sector per
sonnel in developing countries. 

1987 'raining Activ.;",ies 

During 1987 IFDC's training programs con-

tinued to be directed to improving fertilizer 

sector operations in developing countries by 
enhancing the technical and management ex
pertise of additional numbers of individuals en
gaged in fertilizer production, marketing, ana 
use efficiency research. In 1987 a combined 
total of 26 general and specialized training 
programs provided training to 229 middle- and 
senior-level administrators, managers, and 
technical professionals from 53 countries. Of 
that number, 170 participated in 10 general 
(group) training programs, and 59 took part in 
16 specialized training programs. 

General TIraining Programs 
In1987 IFDC conducted 10 general training 

programs. These are identified in Table 6. Five 
of the training programs were presented at 
IFDC Headquarters and included study tours 
to other U.S. locations. Five of the programs 
were held at locations outside the U.S.A.; two 
in Asia; and one each in Western Europe, Afri
ca, and Latin America. With the exception of Participants in the 
the training program conducted in Western Eu- Fertilizer Production 
rope, all other overseas programs were 7-hining Program 
cosponsored by national public- and private- tour a fertilizer plant 

sector organizations. in Malaysia. 

In 1987 a combined total of 26 generaland specialized 
trainingprogramsprovided training to 229 middle- and 

senior-level administrators,managers,and technical 
professionals from 53 countries. 
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Table 6. 
1987 IFDC General Training Programs 

I.Headquarters' Programs (IFOC and other U.S. locations) 
A. Fertilizer Production 

I.Fertilizer Maintenance Management and Produc-

lion Technology 
B. Fertilizer Marketinrg 

1. Fertilizer Marketing Management 
C. Fertilizer Use Efficiency 

1. Soil Testing and Fertility Management 
2. Statistical and Economic Analysis of Fertilizer 

Experimental Data 
D Fertilizer Sector 

1. Data Collection, Analyses. and Projections for 
Fertilizer Sector Studies 

I1.Overseas Programs 
A. Fertilizer Production 

1 Fertilizer Production (Asia locations) 
B. Fertilizer Marketing 

1. Modern Techniques in Fertilizer Distribution and 
Handling (Western Europe locations) 

2. Fertilizer Marketing (Africa) 
3. Fertilizer Marketing (Asia) 

C. Fertilizer Use Efficiercy 
1. Investigacion Sobre La Eficiencia do Fertilizantes 

en el Tropico (Cali, Colombia) 

Of the 10 general training programs hold in 
1987, 2 related to fertilizer production, 4 to fer-
tilizer marketing, and 3 to fertilizer use efficien-
cy. One training program had broader fertilizer 
sector implications. The training programs on 
"Modern Techniques in Fertilizer Distribution 

IParticipants in the 
Regiomal Fertilizer 

Alfrrketing Ja ini,'e 
,,rogramisit ecoffei 

and Handling" and "Statistical and Economic 
Analysis of Fertilizer Experimental Data" w'ro 
new offerings in 1987. The training program,
"Investigacion Sobre La Eficiencia de Fer-

farin near Nauirobi, 
Kenhya. tilizantes en el Tropico," held at CIAT, was con-

ducted in Spanish. 

• ;,rTraining 

The 10 general training programs attracted 
170 individuals from 49 countries. Regional 
distribution of participants is shown in Table 7. 

Table 7.
 
legional lParticipation in 1987 General Training
 
Programs 

Region 
Participants 

Number % of 'l't.l Number 
Countries 

% of Total 

Africa 
Asia 
South America 
North/Central 
America 

Europe 
Oceania 
Total 

58 
72 
22 

15 
2 
1 

170 

. 
34 
43 
13 

9 
1 

100 

... 

18 
16 
6 

6 
2 
1 

49 

37 
33 
12 

12 
4 
2 

100 

Asia with 43% had the highest representation,
followed by Africa with 34%. Viewed from a 
country participation perspective, Africa has 

the highest representation with 18 countries,
followed by Asia with 16 countries. 

Specialized Training Programs 
In 1987 specialized training was provided to 

59 individuals from 13 countries. inall, 16 
specialized training programs were conducted 
covering a wide range of topics related to fer
tilizer production, marketing, and use 
research. Specialized training programs are 
listed in Table 8; the number of participants,
by 	country, involved ineach training program 

cuty novdi ahtann rga
is 	given. 

Evaluation 

program evaluation is an on-going 
process as IFDC seeks to improve current pro
grams and to develop new programs and 
methodologies that will better reflect the par
ticipants' subject-matter needs and facilitate 
the learning process. This is accomplished 
through the use of formal program evaluation 
questionnaires and informal consultations with 
individual participants during and at the 
conclusion of each training program. These 
evaluation devices are intended to elicit par
ticipants' views as to the relevance and useful
ness of program subject matter to their 
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Table S.
 
1987 1II)C Specialized Training Programs
 

a . - -.... . .. 
Participants 

. . . . . .. .. . .. ... . 

Training Program Country Number Program Length 

(days) 

Fluid Fertilizers Brazil 2 5 
Drip Irrigation Technology 

U.S. Study Tour P.R. of China 3 12 
Phosphate Rock Mineralogy PR. of China 1 250 
Fluid Fertilizers Costa Rica 2 8 
Manpower Planning and 

Project Management India 3 10 
Fertilizer Quality Control India 1 15 
Use of Microcomputers Mali 1 15 
Fertilizer Use Efficiency Niger 1 5 
Phosphate Fertilizer Technology Poland 1 53 
Irrigation Managemert Tour Senegal 2 2 
Phosphate Rock Cadmium Study Togo 2 115 
Phospna a Fertility Management Uganda 1 5 
Soil Fertility Research Uganda 1 6 
Fertilizer Blending--In Country Venezucla 36 3 
Fertilizer Production Quality Control Yugoslavia 1 10 
Soil Fertility Management Zimbabw.- 1 10 

13 Countries 59 

a. Programs conUcted at IFDC except as otherwise indicated. 

in-country work programs as well as the tilizer Experimental Data." As in 1986 greater
caliber of subject-matter presentation. Sugges- use was made of guest lecturers from develop
tions as to program improvements are, of ing countries in 1987. In 1987 20 women, 
course, also sought. representing about 12% of the total number of 

As indicated, participants' overall mean rat- participants, took part in IFDC's general train
ings ranged from a low of 3.75 (between ing programs.
'good" and "very good") for the "Fertilizer 
Maintenance Management and Production 
Technology Training Program" to a high of 
4.59 (between "very good" and "excellent") for 
the "Data Collection, Analyses, and Projec
tions for Fertilizer Sector Studies Training Pro
gram." With the exception noted above, all 
training programs received an overall rating of 
above 4.0. 

As stated earlier, participant inputs are im
portant guides to determining the types of 
training programs that are required, subject
matter emphasis and treatment, instructional 
methodology, course administration, and 
venue. In 1987 two new training programs 
were developed and offered in part in 
response to participants' expressions of the 
need for such programs. New 1987 training 
programs included (1) "Modern Techniques in 
Fertilizer Distribution and Handling" and 
(2) "Statistica! and Economic Analysis of Fer

49 



I 
Extending Impact Through Special Global
 
Projects
 

Sherry Bayless, Student
ker, enters informnation into the 

rau, materials dam~base. This 

data base contains o,'',r -1,000 
references on phoslphat , siafur; 

limestone, and nlilogolt I'(u, 
material 'resources i'ndevelop, 

ing countries. 

Linda Leagu ,
 
Computer Operator

Pro,'raimnter,uses the
 

EAX svstem to
 
maageoz;.',' the fertilizer
 

1/s' efficiency
 

Agrominerals Databases 

An ongoing activity is collection and entry of 
information into databases on fertilizer raw 
materials, intermediates, and production 
technology. 

Two types of databases are being used. One 
is known as the "IFDC Raw Materials Data-
base" and contains literature from published 
and unpublished sources indexed by subject 
matter. Initial emphasis is on phosphate technol
ogy that has been accumulated over a period of 
several years. Information is also included on 
nitrogen, potash, sulfur, and the geology of 
agronomical deposits. Due to currant high ;n-
terest in phosphate use, especially in developing 
countries in Africa, about 28% of the 1,900 
records relate to developing countries in Africa 
and about 27% deal with other developing 
countries worldwide. This system is designed for 
use with an IBM PC or PC-compatible computer 
equipped with a hard disk and tape backup. 

:r-

-t,.. ::

' :!
 

Programming is in PASCAL language to reduce 
execution time and save storage space. This 
version is still developmental, even though
programming is nearly complete. Literature en
tries are being accumulated and catalogued on 
a continuing basis. 

A second database contains information on 
phosphate rock analyses. This database is 
stored on a dBase ill+ file and can be 
searched, sorted, or printed using dBase Il1+ 
commands. 

Fertilizer Use Efficiency
Database Management 

A specific approach in fertilizer use evaluation 
and efficiency testing has been the establish
ment and maintenance of a database system 
from experimental data to promote, at national 
and regional levels, the efficient use and 
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management of new fertilizer sources and fer- Colombia, Uganda, Senegal, and Mali. With this 
tilizer management practices. This system has assistance, guidelines have been provided for 
been valudble in providing updated information recording and analyzing experimental or be
for fertilizer policy studies and production alter- havioral data related to fertilizer jse and crop 
natives and in developing fertilizer research ac- response 
tivities to improve and sustain land productivity Methods and procedures for statistical and 
and agricultural production General characteris- economic evaluation of fertilizer data have been 
tics of the information gathered are depicted in revised and updated. This analytical work is 
Table 9. supporting research activities on fertilizer 

Data from agronomic trials arid surveys hove product evaluation, residual effects of fertilizer 
been stored, retrieved, and analyzed by using products, fertilizer evaluation in crop rotation sys
computerized systems. This information is being tems, fertilizer recommendation systems, and 
evaluated through collaboration with researchers soil analysis calibration methods. Specific 
and representatives of collaborating government statistical and econornic methods, using a mui
institutions in Africa, Asia. and Latin America. tivariate technique, have been applied to eva!u-

Assistance has bee, provided in the estab- ate a series of experiments conducted during 
lishment of systems to analyze fertilizer data at several years in Mali, Niger, and Colombia. 
iegional and national levels in Venezuela, 

Tal't)e
91.
 
t.Suminiiry of I )atit Ty pt in I II )( '-FIer tiiztr se !ird Elfficienay I lt M rlangenienI Svsten 

Prvdoinlmit soi 1111d 

(oulltlit-- Ev],'t)tilns \Wt-ithitt FIars Fertilizer Nutrienis (ropping Systems Crop Nitnagenwntr 

Colombia Hlurnd iropln; Soil classFlicitton Nitrogen: Rice Cultivar 
Ecuador Semitard ltrpit., Land copabilliy urea Maize Planting date 
Bolivia Silhehlan bell Rainfall Urea supergraniule Millet Plant density 
Costa Ri, : Equatorial in pe tlt.re Calcium ammon iLrn Sorghum Fertilizer applications 

lowland,' nitrate 
Mexicot Sitbhutn iid tropcs Solar radliaion Ammonium Sulfate Groundnuts Crop protection 
Niqrta Tropical savaina Soil moisture Phosphorus: Milletcowpeas Harvesting method 
Senugl Forest Soil chemical analyses Tripie superphosphato Beans Crop factors: 
rojo Soil physical analyses Simple superphosphate Potatoes Yield 
Liberia Phosphate rock Cassava Plant analysis 
Cit meroo PAPR Maize-cotton Phtanology 
Sierr Leone Sulfur Maize-groundnut 
Gametai Complex products 
',hihtal 

Niger 
Kenya 

Burkina Faso 
India 

Bangladesh 
Syria 
Peru 
VeezuA a 

Indonesia 
Philippines 
Guine 

Benin 
Zimbabwe 
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Crop Growth Simulation 
Modeling 


The procedures for simulating soil and crop 
nitrogen dynamics were adapted from the 
CERES MAIZE into the new CERES SOr-
GHUM and CERES MILLET models developed 
jointly by ICRISAT, the International Bench-
mark Sites Network for Agrotechnology Trans-
fer (IBSNAT), and Michigan State University. 
Modifications to the models to accommodate 
the effects of nitrogen deficit on tiller produc-
tion and the development of a canopy were 
needed. New procedures for simulating the 
recovery of nitrogen from the vegerative part of 
the plant to grain were developed to allow 
differential rates of grain nitrogen accumulation 
across tillers. The two models are undergoing 
final development prior to testing. 

In collaboration with the Internationai Center 
for Agricultural Research in the Dry Areas 
(ICARDA) and Michigan State University, work 
is proceeding on the development of the 
CERES BARLEY model. The IFDC nitrogen 
model has been incorporated into this model, 
and preliminary testing against data sets from 

Syria and Europe showed promising results. 
The model has many features in common with 
the CERES WHEAT model. 

The CERES RICE model has also been the 
subject of ongoing deve!opment work. Modifi
cations to the procedures developed for 
simulating recovery from transplanting shock 
have been made, and further refinements to 
the water balance components have been 
made. Preliminary procedures for simulating 
nitrification and denitrification and turnover of 
organic matter under flooded conditions have 
also been developed. Work is currently under
way in assembling data sets for further de
velopment work and model validation. 

For all the models IFDC has developed a 
comprehensive menu-driven user-friendly inter
face. This means that people with only very 
limited computer expertise can now run the 
models, change input conditions, and simulate 
many different scenarios. In collaboration with 
IBSNAT and the University of Florida, a graph
ics component has been added to the CERES 
WHEAT and CERES MAIZE models. The other 
models will receive this additional capability in 
the future.
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Financial Report 

PriceI lherhouise 

March 18, 1988
 

To the Board of Directors of
 
International Fertilizer Development Center
 

In our opinion, the accompanying balance sheets and the 
related statemeits of revenue and expenses and changes in 
fund balances, of functional expenses and of changes in 
cash and certificates of deposit present fairly the 
financial position of International Fertilizer 

Development Center (IFDC) at December 31, i987 and 1936, 
a'id thu results of is operations and changes in its fund 

balances for the years then ended, in conformity with 

generally accepted accounting principles consistently 

appliudJ. Our examinations of these statements were made 
in accordan.=e with generally accepted auditing standards 

and accordingly included such tests of the accounting 

records and such other auditing procedures as we 

considered necessary in the circumstances.
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4 6 

INTERNATIONAL. FERTILIZER DEVELOPMENT CENTER
 

BALANCE SHEETS 

ASSETS 

LIABILITIES AND FUND BALANCES
 

Ci'RRE :;7 FLN D 

Decembr 31, 
 December 31,
 
1987 1986 1987 1986
 

Cash 
 SAccounts 
 payable S 751,977 S 258,684
Certificates of deposit 
 0 96*2,782 Accrud annual and sick
Amounts receivable from 

1 ,533,,08 1 ,439,808
donors (Notes I and 2) , 65 2,9,734- tfr revenue (Notes 1Other accounts receivable _9 6 ,366 6.229,176 2.975,199Advances ti v(2ovees 69,392 )91 ta" iabilities and -Su>nlies. invntrv (Note 1) 3, -13011 d-,:erred revenue .,961 673.691Prepaid 1:6ens co i-,6961 

Fund balance 
 __3 6, 25c 930.017 

Z M68 63,70t ~''19 t5 
 o -9' iAD0S1 

NONCIRRENT FUND 

December 31, December 31,
 
1987 1

986 
 i987 1986
 
Amounts receivable from donors Deferred revenue (Notes 
(Notes I and 2) - restricted S2,3-45,8 -0- 1 and 2) - restricted 5 3L 5_804 S -O-


BUILDINGS AND EQUIPMENT FUND 

(Note 1)
 

December 31, 
 December 31,
 
1987 1986 1987 1986 

Buildings S5,"1- .29(1 S5,i!-,290 Contract retainage S 421 S 421Equipment 
 5.069,-10 -,687,221 
 Fund balance 
 5,064,971 5,281,713
 
Less 
- Accumulated
 
depreciation 
 (5,818,308) (5,219,377)
 

5 0,65- 92 $5 8934 5065,392 S5 282,134 



INTER.'-ATI().'A- FER'7 ILIZFR DEVELPEK-TET 
STATE-ENTS OF-REVENt AND EXi'E CANGES 

FOR THE YEARS ENDED DEE BER 1,-" 
I FLND BALANCES 

Reene98 

Revenue: 

Grants (Note 2) 
Recovered project costs 
Other 

Total revenue 

Curre.n~t 

g7 

S5,857,522 
2,281,B65 
- 88,028 

Toa.evne,227-415 

Fund 

1986 

S5,903,352 
2,478,424 

139,154 

8,520,930 

Buildings and 

'Equiment Fund 

1987 1986 

$ 130,751 

- -
130,751 

Total 

1987 

$5,988,273 
2,281,865
288,028

88,02 -

8,358,166 

All Funds 

1986 

S5,903,352 
2,-78,424

139,154
139,154 

8,520,930 

Expenses: 

Field programs (Note 3) 
Research 

Outreach 
General and administrative 

Total expenses 

Excess (deficiency) of revenueover expenses 

1,072,946 
3,320,344 

),407,9', 
1,739,15 

8,535,366 

(307,951) 

2,523,058 

2,165,872 
2,760,395 

7,-4&9,325 

1,071,605 

27,709 
434,864 

47,008 
93,720 

603,301 

(472,550) 

S 498,916 

56,70 
95,432 

651,088 

(651,088) 

1,100,655 
3,755,208 

2,454,949 
1,827,855 

9,13_,667 

(78j01) 

4,021,974 

2,222,612 
1,855,827 

8,100,413 

-420,517 

Other changes in fund balances: 

Capitalized lease 
Equipment acquisitions
from unrestricted funds 

Fund balances, beginning of period 

Fund balances, end of period 

(30,089) 

(225,719) 
930,017 

$366758 

(38,832) 
(102,756) 

$--30.01 

30,089 

225,719 
5,281,713 

5064,.971 

38,832 
5,893,969 

85 281.713 
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oL0) 

DTh].N M 1.cL F~dtLInu3 Dr. j -r c 'rx 

SLAMU'T S OF P1, Ti-ICNL ENXT S 

FC -E-E1~YEL -NE rr-M 31, 1937 V'JD 1986 

Field PrpLans 
(1bte 3) esesrdI Ct'a1uh ?krdinistrative Total EDmtses 

1987 19S7 19Li6 1987 1986 1987 1986 1987 1986 
Persoei-k-l camensatio (NbteA) S 311,949 $1,819,862 $1,892,895 S 993,718 S! ,097,586 $ 970,607 S 914.72 S4,096,166 S3,905,353 
Persomel benefits (,ibte 4) 70,574 342,837 348,126 226,376 -03,628 187,296 177,457 827,053 726,211 
Tra.! -- d transpxrtatim 

' 

295.84 27-4,890 260,5% 330,963 345,728 87,137 156,9.7 9-1,824 763,271 
Oci.anc 11,021 236,266 271,709 117,2% 134,g5. 17,296 115.018 481,579 541,325 
Telephne and telegraph 10,801 371353 39,528 30,593 33,240 22,103 23,49. 19i,855 96,262 
P4ital of equpmant 57,396 4,301 9,318 7,364 4,405 12,056 29,50 81,117 43,273 

Cia.tractual researchdewlolmaIt ard 
39,700 198,157 260,335 8,292 45,474 262 61,280 246,411 367,589 

Crh-r contractual services 91,852 187,9Z5 187,899 268,475 163,867 67,)8, 72,126 616,237 423,892 

Institute of LiternatioYalEducaticn fe (,Nbte 4) 
134,414 120,930 134,414 120,930 

Materials and supplies 164,939 158,846 194,648 376,019 97,142 105,640 .0,890 805,644 332,680 
Postage 3,743 19,335 20,893 18,580 20,2a6 8,962 9,523 -0, 620 50,674 
Inlurlnce 15,137 30,572 36,611 30,265 22 ,948), 142 18,3)a- 106,116 77,865 
Mi.scel larxis --- 7,055 (1,989) 6,334 (3,176) 6,334 1,890 

Total exc),ses before 
depreciation 1,072,946 3,320.34" 3,530,113 2, /307,941 2,163.883 1,730,369 1,757,219 8,541,79) 7,451,215 

LLpreciation of buildings and 
equipment 

Total expeses 
27,709 

S1j00_55 
434,86 

S375508 
491,861 
0974 

__ 
$22 

58,729 
2 612 Si 

87.386 
55 

98,608 
.C6 - $9 

596,967 
138 6{8 

649,198 
S8,100,413 



INTERNATIONAL FERTILIZE? I;FVIELOPM!EN CENTER 

STATE.MENTS OFCHCNGES IN 	 CASH ANDIN-... _ 

CERTIFICATES OF DEPOSIT 

Years ended 

Balances at beginning of year: 
 -

Cash S 134,800 

Certificates of deposit 
 96278A 


0Cas:h 	was 


Excess (d, ficienc., of revenue over expenses (S 7 ,501)
Charges (credit.) n,t requiring (providing) 

cash: 
 "Fn 


Dvpreciario 	 596,967
Revenue reco5 nized en dnatd assets (130,751)

Capitalization Of leS 
 bl:igation 
 (30,089) 


Lncrease discreas)al inn accruedcc u(! annual andIn re se(Lc ranas)ua a dstat, 

sick leave 
 94,0 
Cash 	provided 0f:',ration:: (244,039) 


Net decrease in 	 receivable:s from donorsProceeds fr'ins ale of equipment 
Net decrease in other accounts receivable 461,120
Net increase in contract retainapes 
Net decrease in advances to employees 21,524Net decrease in supplies inventory
Net increase in accounts payable 493,293 

Net increase in deferred revenue (current
fund) 
 3,253,977 


Cash was used for: 
Net increase in current amunts receivable 


iron onors 
 3,423,922
Net increase in advances to employees 

Net increase in other accounts receivable 

Net increase in supplies inventory 
 2,718
 
Net increase in prepaid expenses 
 41,969 

fund) 


Purchase of buildings and equipment 
 225,719 


3,694,328 

Net increase in cash 
 _291547 


Balances at end of year:

Cash 
 $ 	 349,497

Certificates of deposit 
 1,039,634 


SI.39.131 


0L
 
4I 

December 31
 _
 

S 88,055 


_2171931 


3059 

S 420,517 


649,19So
 
4h9, 18nt 

1,890 


(20,383) 


1,051,222 


723,605

17,354 


215 


3,812
9,046 


22,222 

450,888 


15,355 


468,798 


56,401
 

1,013,664 


90 


$ 	 134,800
 
962,784
 

$1,097,584
 

INTERNATI)NA jIERF DEVELOPMENT CENTFER 

" NOTES LfF:.,iALSTATEMfENTS
 

NOTE 	1 - oGC;It-'r . ,tINKD OIlES:-S:..
 

International Ftrtilizer Iov'loq, nt Center (IFDC) 
is a non
profit orgfn it:: i.,n incr ,ated :-tober 7, 197. under the state 
laws of Aladr.srdsidtnt rch 1 17 IFE was designated asPublic int.rniatipa rganization hv executive order of the
 

"f .., 1nitt, States. 	 a
7,e Purpose of th.e organization 

K. t imr,, fer ilizers and k ,','±edyte of fertilizer uses in

1 	 p t J.. research and doveInment technical 

am"!: am r...nictha ':1'It,1tr' eni
 

In ,f diss1tutf, th.. articles of incrporation provil t t-:c 
 assets 	of the- organization will be turned
 

over w r h, aL'. m.t2. ,r rim, tax exc.tft r e'.cu4,anizathinssive or purto ose federal,the 
e 

The ,cc'".n I IFD- arc maintained : the accral basis. The
 
nlln,W Lv a sannarv ,f si ificant accounting policies:
 

and equipment Arc staled At
A. 	 hill'inqs cost. Deprecia
t_;-	 n , ,m . - Meth-,d over
 
-Lim..t ,s1fil live ran4':g fnn three to 
thirty
five 	Y'.
 

rec, rd rc-ivable in 

nf t',grant with revnu, rtco,,ition duerred until
 

B. arc As .ra:tc ful at the date
 

,rs,.Kim; e..pnse, hav.'ben incurred. Contribu
ti3n8 
 - c. cgnizt-df58r 1"0525 .- st, a r c as projectc,,; .are incurred.
 

Rev> s rsticte to th exr,'-. it is to be used in
accrdance wi t he purpose specfied b the grant.
Restrictions generally include a specified project or 
goal witin a artcular geographic region. 

C. 	 inventories of suppliesor 	replacement ar> valuedcost, cost at the lower of costbeing determined on 	 a firstin, first-out basis.
 

D. 	 IFDC is exempt from federal income taxes as a publicly

supported organization under Section 501(c)(3) of the
Internal Revenue Code.
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NOTE 2 - GRANTS:-

Grants are summarized as 

Grants received -

United States Agency 


for International 
Dvelo.-ent (AID)


United Nations 

DNv.lopment Programef 

(y.',o) 

Australian DX'velopment 

Assistance Bureau 

(ADA?) 


International Develop-
ment Research Centre 
(IDRC 

Rockefeller Foundation
Kellogg4 Foundation 

Israel Chemical Company 

Directoraat Generalaal 

voor Internationale 


Samenwerking 

(Netherlands) (DGIS)
World Bank 

Deutsche Gesellschaft 

fur Technische 
Zusammenarbeit 

Amounts deferredduring prior year 

Less - Amounts deferred 
to fur podnts 
to future periods 

Other adjustments 

Revenue recognized in
 
current period 


Total restricted and

unrestricted 


follows: 


Years ended 

1987 


Restricted Unrestricted 


$2,430,934 $3,460,000 

3,130,000 

338,400 

1,462,500 


390,000

270,000 


-- - - 130,751 

8,021,832 3, 59 751 

1,024,200 1,950,999 

9,046,032 5,541,750 


(6,948,98 (a 
(6,948,938) (1,626,04z) 

___ (22,531) 

$.2U090% 3,891,177 

2 097,096 


S5938 273 

December 31, 

1986 


Restricted Unrestricted 


$4,000,000 

$ 600,000 

65,000 153,318 


50,000
 
5000C 


45,000 


715,000 4,198,318 

1,991,975 1,973,258 
1,973,25 


2 706,975 6,171,576 


(1,024,2Q (1,950,999) 

_. 82 5 4,220,577 

1,
6
82,775
 

593 352 

Th unrestricted grants 
from AID provided funds of $3,460,000 and
 
$4,000,000 during the fiscal years ending June 30, 1988 
and 1987,
respectively. Te unrestricted ADAB grant in 1986 
was a gift of

funds rc-)gniz..d as revenue in the year received. 

Revsiictd grant. received were restricted by the grantor as 
to
 
s cific p r jects and r .4,.graphic regions. The 'NDP grant of
during was 

and 


aa.r],n w,' restrictted ts use in rcsearch 

orig' t-
Ar't and Sutheast Africa. This grant,'uAy d. xpitre in October, 19-7, has been extended into1 ' Ar', .r r t frn:1 nt t xpondedai th,: rin- e:' iration date 

W rt t , th a t-,r. 

MY UNPI riel rt;' " i leting Phae II 
researc: an':training or ilect. Subq,'-qu"=V-'.', !I'T? awarded a 

i.a, hi m. exendednha;,- 1" uu 3f), 987 to 
Thise..n, a ', w I f,for cn9".,=Na''&,, A Phase 

!I and ,r.idd )r t ican
Fertilizer .ur in V4-. Twa grants receive.d.ther during
1'S-, 51,40Z, he All 1r .. F ndt , and i3 ,000 from
ECI, wer, r-'tr-ct._ t, u-'.tn C'*.- .e the African 
Center in Ton. 

The gr0nt V O,,.9 r-c-i',! uri' l is restricted tofertilizer r in 'rc, African'eqt vir;nt mn is due to 
L one'ended 

Voarc ater0M ran arr tha*e', of thefui ad. 

recei.vd f r-trictod ranth fr' AD. nrrant fmr a" trai.
in' i r" .exar., - srcnd fr 
$i-MT0 ;''', '. s su.p t f'r IFD 's pr .ct entitled "The
 
ev.'e'ment , th :itrv F.m = the Rice
n, f Kve Model."

T''e third gran for-, 0': 1, ;1Aides sut fr IFIKs prgram t3 t Yp-c fiwthe cdact fertili,-r resea"ch in ' Africa.and expra t'i n da t
e is 2,1, !. , final rct- ricted 

AID grant received during','ici'7 'id.s funds of 59K, 5 i over a5 year period wcmt. a , 1992 ; ts, funds a. t b. usewd for-

research 
 project in tr cal Africa. For all restricted AID 

grants, the contracts r 'quirethat onex:,ended funds be returnec 
to the grant r at the- completion of the contract. 

http:recei.vd


Receivables from donors at December 31, 1987 and 1986 are suar-..ized as follows: :-.. IN Ck:" 
 . .........
 

1987 

-ecemb,2-31,1:. 

1986 
, , :,rt, 

: 
c ' ., 

:r 
it:t, 

-
; 

. , 
-, 

i 
f,'. cti 

ticil 
,na2 cla 

art, 
'.:ic,t 

n-<. to 
-or 

IFDC',such 

AID 

DGIS 

Restrict-ed 

$2,300,762 

390,00o) 

Lnre ,tricted 

$1,850,172 

Restricted 

$ 57,576 

Unrestricted 

$1,957,934 

N;2D- - <T 

IF> has n c tra 

w " a!!lisbY 11 , i PD makLc 

- l, ?<,-

t wit t, 

r 1acvanc-s 

Avp... J" 

Institute nf Intermitions! Education 

ni Strat Ve fun(t are performednthiv t,, fund salaris, employment 

UNDP 2,956,267 628,367 

IDRC 266,690 288,257 

Kellogg 
Foundation 962,500 

Ford 
Foundation 21,069 _ 45,60 

6,876,219 1,871,241 974,200 2,003,534 

Less -
noncurrent 
portion 2,345,80, 

$-53 0-415 1,871,241 _97 ,_200 2,003,534 

Total97,0 
restricted 
and un
restricted 

4,530,415 

S6 401 656 $2 

974,200 

9 77.7 34 

CO
 



IFDC Board of Directors
 
(as of )ecember 31, 1987) 

Chairman 

Dr. John A. Hannah 
President Emeritus 

Michigan State University 

U.S.A. 

Vice Chairman 

Dr. David Hopper 

Senior Vice President for 


Policy, Planning, arid Research 

The World Bank 

Canada 


Mr. Yaovi Adodo 

Minister of Foreign Affairs 

and Cooperation 


Togo 

Dr. Anton Amberger 
Professor 

Institute of Plant Nutrition 

University of Munich 

Federal Republic of Germany 


Dr. Fernando Cardoso 

President 

MANAH 

Brazil 

Staff 
Office of the Managing Director 
-. ... . ........ 


Donald L McCune, Managing Director 

Paul J. Stangel, Deputy Managing Director 

Mlariorie R Brashier, Administrative Director 

Debra R. Rutland, Executive Secretary 

Amber ,. Hammock,Correspondence Secretary
Kaye F Barker, Accountan d 

Jacqueline A. Berrens, Assistant Librarian 
Bely F.Canerday, Mail Clerk-
Glenda Carter, Accounting Clerk 
Linda B.Cornatzer, Word Processing Specialist 
Mary E. Dorman-Taylor, Word Processing Specialist 
C David Edwards, Personnel Officer 
Brenda S. Elmore, Word Processing Specialist 
Ernest D.Frederick, Technical Editor 
Janice C. Gautney, Word Processing Specialist 
Jane L. Gos% Word Processing Specialist 
Alicia K. Hall, Word Processing Specialist 
Travis P Hignett, Special Consultant in the 

Managing Director 
Vickie J. Hollandsworth, Word Processing Specialist 
W. Diane Kasmeier, Assistant Purchasin Agent 
James M. Kelly, Purchasing Agent 
Terry L. McGee, Graphic ArtisdMedia Technician 
Jean G. Meyer, Mail Clerk 
Brenda G. Peden, Accounting Clerk 
Faye Predmore, Switchboard Operator 
Jean S. Riley, Librarian 
Elizabeth N. Roth, EJilor 
Flora M. Rudolph, Technical Illustrator 

Patricia F. Sandlin, Word Processing Specialist 
Debra S. Shedd, General Accountant 

Dr. Samuel C. Muchena 

Deputy Secretary 

Planning and Technical Service 

Ministry of Lands, Agriculture, and 

Rural Development 
Zimbabwe 

Dr. Amir Muhammed 
Chairman 
Pakistan Agricultural 

Research Council 
Pakistan 

Mr. Pratap Narayan 
Executive Director 
Fertiliser Association of India 
India 

Dr. Gustavo A. Nores 
Former Deputy Director 
CIAT 
Argentina 

Dr. Christian Pieri 
Head, Agrunomy Division 
IRAT/CIRAD 
France 

Dr. Bukar Shaib 
Former Minister of Agriculture 
Nigeria 

Carol F.Slaton, Word Processing Specialist 

Patricia H Spires. Clerk 

Henry Ssai, Soii Scientis 


James C. Starkey. Graphic Designer/illustrator 
Marie R Stibling, Coordinator, Word Processing 

Center 
Joy M. Thompson, Accounting Clerk 
Marie K. Thompson, Communications SupervisorMichael 0 Thompson, Visitor Relations Officer 

Donna W Venable, Word; Processing Specialist 

Gwendolyn A. Watts, File Clerk 

Lewis B Williams, Liaison Scientist 

David B Wright, Mail Cle,-k 

Tommy L Wright, Photographer/Media Technician 

Lynda F Young, Assistant Editor 


Agro-Economic Divisi(;n 
... ... . .. . .... 

Lawrence L. Hammond, Director 

Mary C. Irons, Administrative Secretary 

Nancy A. Potter, Correspondence Secretary 
Jacqueline Ashby, Sociologist* 
Ernest R. Austin, Instrumentation Specialist 
Carlos A Baanante, Economist 
Walter E. Baethgen, Soil Scientist/Biornetrician 
Mark E. Bailey, Student Worker 
Karen S. Billingham, Laboratory Supervisor 
Roland J. Buresh, Soil Scientist 
Krisli
L.Burghed, Chemical Laboratory Analyst

Bernard H. Byrnes, Research Associate 


Gildardo Carmona, Visiting Scientist
 
Michael F. Carter, Research Associate
 

Dr. Pieter van Burg 
Director 
Netherlands Fertilizer Institute 
The Netherlands 

Dr. Robert E. Wagner 
President 
Potash and Phosphate Institute 
U.S.A. 

Mr. Joe Wheeler 
Chairman 
Development Assistance Council 
U.S.A. 

Mr. William F. Willis 
General Manager 
TVA 
U.S.A. 

Ex Officio Member 

Dr.Donald L.McCune
 
Managing Director 
IFDC 

Ex Officio Member 

Marioric R. Brashier 
Administrative Director 
IFDC 

S H. Chien, Soil Chemist 
C Bruce Christianson, Soil Scientist 
John T. Colagross, Electronics Specialist 
Karen S. Couch, Chemical Laboratory Analyst* 
Jeanene G. Daniels, Chemical Laboratory Analyst 
Karen Dvorak, Economist' 
Ronnie L. Faires, Greenhouse Supervisor
Dennis K Friesen, Soil Scientist
Abd EI-Nabi Gadalia, Visiting Scieniist" 

Duug!as C Godwin, Agronomist/Systems Modeler 
Celia J. C'uinn, Chemical Laboratory Analyst 
Deborah r. Hellums, Research Associate 
Julio Henao, Biometrician 
Leella S Holt, Laboratory Supervisor 
Carla G. Humphries, Computer Operator/ 

Programmer 
Angela F. James, Chemic,"1 Laboratory Analyst 
George T.Joies, Jr., Student Worker 
lagdish C. Katyal, Visiting Scientist 

Haymond H. Kluesner, Student Worker 
Linda G League,Computer Operator/Programer
 
Moinder S. MudLahar, Ecornis. 
Ane S.Pickens, Ecni Aide 
Angela S.Pickens, Technical Aide
 
Leigh A. Putnam, Chemical Laboratory Analyst'
 
Surlit Sidhu, Economist.
 
John P.Skipwurth, .aboratory Technician
 
M. Patricia Assistant
Stowe, Researrn 
John M. Stumpe, Resear~b Associate 
B. Keith Tays, Greenhouse Technician 
Thomas P. Thompson, Rural Sociologist
Leif J. Youngdahl, Crop Physiologist 
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Fertilizer Technology l)ivision 	 Davin W. Rutland. Physical Properties Specialist West Africa Division
 
Narayan K. Savant, Soil Chemnit (Nitrogen)
Steven J Van Kau nb:;F.glh, . M.rialogist/ 

Ozvi.en WIWivingston Drrctr 	 Petrographer Paul L G Vick, Director--IFDC-West Africa
 
DOhilih A For;ith Adnri (rteiv S-crtlry 
 Martine Bassery, Administrative Officer
 
Francirs H Glover Cor -tpondemie Srct(lty


° 	 Cheryl Slocombe, Correspondence Secretary*Ariorry H hIy Studetnt Workor Ketline Adodo, Associate Edtor
 
Shrry R tayles Sitdent Wrk.e, Outreach )ivision 
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Bobby W Bi'j(jt(. Cht ir'il 
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Coordirlw Dennit; H Parish, Director A. Uzo Mokwunye, Coordinator-Agronomic Research 
(Jirlrt C ir I ri, Hri Rw,oit~tarch Deborah 1 King. Adriiritrative Secretary Ah K Prto-Toyi Associate Soi Scientist 

ii, Daris H Belew, Cotiotporinerice Secetary 

M:'tlrt \1 Ch , Tiri hr il A,'I 	 Evelyn Freerran, Secretary
r

Jirry n t i',. Cht!r, Ann H Mock, Correr.rr;noernce Secretary 
Kenn,!!t Ihn-, Sodlnt Vurker Loren F Ahlriclhs Marketrg Specalist et in 1987
 

oir'., F Cmu ti, A ,tirl Mintirrin ct Coi t tiilot John II Allgood. Market Analyst *Reteds 98
 
- it Erig- q Flj ~or 

taiithti A Mr rnti, tfn rrcit Yao H Chuang, Market Developrtlenit Economist .. Extended Leave. 
thi if , H Vi,/hn Scltrh!I . b, Econornrs 	 '"D ec ed 

E(fift iei 
rfriii E Fvifr ,. lvr hnw d Aid, W Edward Clayton, Trins)ortation/Distrlbt:ion 

M tr tll E Cir(,i(ne N., hrit Airj'. Spec, list 
tlrlndri A HX11r'i()cti htrr[iY Rosemary Cubagee, EconorrISta/lsIICIan1 
Mlcih;il D i[)HtIt-l"I . lntir"rc,- Toi.l iitin -ay B Diamond, Coordinator. Feritrlzrr Evaluatrn 
Gary I Hui-, ('ei or I (.iat Unit 
M&., VV iltorl le h, tA , Ri i S Girili., Irairilqrg Administratlor 
V triis,'i F ( Chtmi tl I ioriliory Aiirly,,t Inn Gregory, M ikulinq SpecialistKV h D 
laltiti A H( I ,ioildy, M , irisr Rlegina S Harris, Marketing Rlesearch AssistantLnrrIio 

Jos 1:/tot I, i Vtirpi S p.' i i Prujict Fnlnri rri [ iis E F lyde. Marriitarce Engineer 
1 ij~liriii C Friq( , ii{ H eloth Frdwin C Kaputi, Regional Coordirator-AsaMalitire irii 

echn ri.ii ZtihJodJtr R Kazl. Proje-ct Liaison OfficEr 
Gutrry H tjh hl,i 1 ,. ' i r Nairn D Le Chei ical Frtigireer

3T Alan Ni1 A l ilt(lt Pl}ii-t t ri oir Vr-enit E Leon, Forllimei Production Specialist 
Coirdlitor Adolfo Marlinez. Agrrcul;erat Economist 

G Fri k Pt-is Cittfl William F Matison, Credt Specialist 
Jorl H Polkrei 1)11,pu F-ruir .. iit Co dirl'(i Kenneth I Mools. Markeing Consultant 
Angilt Reivw techrial Aiwrl Pierre M Rosseau, Tropical Agronomist* 
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