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Message From the President
 

10e, 	 his edition of our annual report focuses 
on IFDC's impact in the global village. 
Throughout the report information 
boxes contain examples of the impact 

of the efforts being made by our staff around the 
globe in the developing countriesand the new de­
mocracies in eastern and central Europe. IFDC is 
tackling some of the most important challenges re­
lated to feeding the burgeoning world population 
through the improvement of soilfertility,betterman­
agement of nutrients, and policy reform to establish open and competitive 
markets and efficient economic systems. 

The UnitedNations estimates that more than 700 million people in the 
developing world do not have access to enough food to live healthy and 
productive lives. An estimated 13-18 million people, mostly children, die 
from hunger, malnutrition,and poverty-related causes each year - that is 
about 40,000 people per day or 1,700 people per hour.According to the 
United Nations' projections, the number of people living in absolute pov­
erty will increasefrom 1.2 billion today to 1.5 billion by 2025. To solve 
these seemingly insurniountableproblems, the United Nationsforecasts that 
agriculturaloutput must be tripledand people must have the income to buy 
it. 

Sustainablefood security cannot be achieved without the benefits of 
intensified agriculture- the key to alleviatingpoverty. The adoption of im­
proved technology and the applicationof modern inputs of agriculture can 
boost significantlyfood supply in Africa, for example, where fertilizeruse is 
only a quarterof average use levels in India. As a case in point, thirty farm­
ers who participatedin an IFDC project in sub-SaharanAfrica increased 



their millet yields by 250% by applying variousforms of phosphatefertiliz­
ers to theircrops. With increasingly limited land undercultivation, the only 
way to produce enough food for the growing number of people is to boost 
yields through the use of organicand inorganicfertilizers.In fact, Dr Norman 
Borlaug, 1970 Nobel Peace Prize recipient, has said that "the use of chemi­
cal fertilizer must be expanded two- to threefold to maintain soil fertility 
and productivity in the developing countries over the next 20 years if the 
world is to feed itself."By that time the United Nations estimates that world 
population will exceed 8 billion, 45016 greaterthan that of today. Almost 7 
billion of that future population will be living in the developing countries, 
and even though measures to control population are vital, the production 
side of the equation is as importantas ever 

By applying innovative agriculturaltechnologies in an agribusinessset­
ting, IFDC is laying the groundwork for the alleviation of poverty in coun­
tries such as Albania, Bangladesh,and Romania. In Albania ardBangladesh 
IFDC has effectively linked agriculturalproduction with economi;,develop­
ment through the design and implementation of economic policies thatpro­
mote the free market system and lead to economic efficiency, increased 
employment, and overall economic growth. IFDC's work in Asia, Africa, 
Latin America, and the new democracies of eastern and central Europe 
promotes the implementation of market principles that result in increases 
in both agriculturalproductionandeconomic development. In Latin America, 
for example, IFDC is assistinga Venezuelan fertilizerproduceras it makes 
the transition to the free market system and realizes increasedefficiencies 
and savings. 

The future will undoubtedly hold new challenges that will requirevision 
and a renewed determination to measure up to the tasks. With the help of 
our supporters,partners,and collaboratorsand the people of the develop­
ing countries, hopefully we shall achieve even greaterprogressand accom­
plishments in the future. 

Amit H. Roy 



Dr. p nhp -n Ariua ar a:
 

-

Dr. Michel Griffon, 
Coordinator, Department of 
Economics and Sociology, 
Centre de Cooperation 
Internationale en Recherche 
Agronomique pour le 
Developpement (CIRAD), 
Montpellier, France. 

Introduction and 
Background 


ccordirg to the Food 
and Agriculture Organi-

-
 . zation of the United 
Nations (FAO), poverty and un-
dernourishment currently affect 
about 700 million people. The 
challenge of doubling the world 
food supply inthe next 30 years 
is formidable. 

T he retrospective analysis of the success and limita­
tions of the "Green Revolution" strategy has recently 

[T led a group of scientists to recommend a new strat­
egy coined "Doubly Green Revolution." This strategy gains 
its momei itum and rationale from the Green Revolution; on 
the other hand, it minimizes potential drawbacks relLted to 
social inequity and environmental damage. 

The "Doubly Green Revolution" calls for a new approach 
both to prioritize research programs and to develop a
multidisciplinary and multisectorial effort in the implementa­

tion of these programs by the main stakeholders, including 
farmers, agriculturists, environmentalists, agribusiness part­
ners, policymakers and funding organizations. Through its 
multidisciplinary and integrated scientific approach to the 
development of appropriate systems of procurement, distri­
bution and use of plant nutrients ("from mine to farm, through 
markets"), IFDC contributes significantly to the coordinated 
research thrust and the capacity building effort both urgently 

needed to promote the new "Doubly Green Revolution"
 
(DGR)indeveloping countries.
 

Although this challenge calls in the poorest countries, where 
for fundamental changes in the (1)agriculture isstill the dominant 
global economy, national policy, sector in terms of employment, 
and individual behavior, it is cer- gross national product (GNP),
tain that agriculture and rural de- and exports, (2)farmers are the 
velopment can make a significant principal users of fresh water and 
contribution not only to the glo- land, and (3) land and soil degra­
bal food security issue but also to dation is a growing threat ham­
two other global issues - poverty pefing agricultural intensification 
and inequity reduction and sus- in these poor countries. Global 
tainable natural resources man- sustainable development will never 
agement. The most pressing so- be achieved without ensuring in 
lutions have to be implemented an environmentally benign way 
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the niaintenaace and, where ap- 
propriate, the enhancement of 
land proJuctivity. 

ustwonepimr ement a ofsustainable improvement in ag-

riculture can be identified. First, 
dissemination of information to 
farmers is needed to promote irn-
proved practices for sustainable 
land use in agriculture and for op-
portunities of diversification. This 
is the traditional role of research 
and extension orga.izations. Of 
equal importance is the identifi-
cation and implementation of a 

favorable socioeconomic and 
policy environment for agricul-
tural producers, including infra-
structure, transport and market 
facilities, easy access to credit, 
fair price policy for inputs and 

outputs, and land use security. In 
addition to weather-related risks 
and uncertainty, agriculture in 
many developingcountriesisalso 
plagued by inappropriate land 
use practices, local market fail-
ures and distortions, and by insti-
tutional failures. As a conse-
quence, most farmers have very 
high discount rates, and it ismost 
unlikely that farmers will adopt
improved practices on the basis 

of improved information alone, 
especially in its research dimen-
sion. Sustainable improvement in 
agriculture calls for a better inte-
gration ofcthese two components 
and their adaptation to specific 
and local problems. This is indeed 
by research institutions. 

Recently a task force of the 
Consultative Group on Inter-
national Agricultural Research 

(CGIAR) concluded that a new 
strategy of agricultural develop-
ment should be developed to find 
and implement the appropriate 
solutions in developing countries,This strategy was named the 

"Doubly Green Revolution," both 
to show the continuity with the 
well-known Green Revolution, 
which has dramatically increased 
food haodraati and to ceased 
f uroucion, an to clearly 
state tha. this new strategy should 
place equal emphasis on the 
maintenance of a "green" and 
economically sound environment 
favorable to human develop­
ment. The DGR calls for a chal-
lenging effort among the world 
international, regional, and na­
tional scientific community to 
reach the same momentum pre-

viously reached by the Green 
Revolution a few decades ago. 
New research disciplines and 
themes must be strengthened 
particularly in the field of agro-
ecology and environmental eco-
nomics. More importantly, ways 
of doing research must be highly 
participatory and involve all the 
stakeholders of rural development, 

From this perspective, IFDC 

can be seen as one of the signifi-
cant scientific contributors to the 
development of DGR, with re-
gard to its domain of participa-
tory research on a holistic 
approach to plant nutrient man-
agement and the comprehensive
and multidisciplinary assessmentof all aspects of plant nutrient 
supply and use ("from mine to 

farm through markets"). In addi-
tion, IFDC's role in the DGR has 
been established through its ex-

perience in contributing to 
project implementation and in 
strengthening local public and 
private agricultural organizations 
through intense training activities. 

Before going into more detail 
about the need for research and 
developm2nt to promote and fos­
ter the DGR in developing coun­
tries, I will briefly summarize the 
rationale for th2 DGR by present­
ina for the pst 
ga short analysis of the past 

Greeand limitations of the 

The Green Revolution:
 
Successes and Limitations
 

After the Second World War 
Asia was the most densely popu­
lated continent and was under­
going rapid demographic expan­
sion. An unprecedented rise of 
food requirements was experi­
enced throughout this continent; 
furthermore, the risk of famine 
and poverty fueled movements of 
social unrest The Green Revo­
lution, a coherent response to 
these problems, was based on 
major research findings and ex­
tension of the resulting intensive 

technologies, such as high­
yielding varieties of rice and 
wheat, increased use of inorganic 
fertilizer, better soil and water 
management under irrigation 
conditions, and improved pest 
and disease control methods. In 
the 1960s, India had a popula­tion of 500 million and was 
dependent on food imports. To­

day, India no longer relies on 
imports to feed one billion people. 
Elsewhere in the world, the Green 
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Revolution has been successful 
mostly in Asian countries where 
irrigation is currently used but 
also in Latin American countries 
such as Mexico and in a fewAfrican countries such as 
Zimbabwe. 

However, the Green Revolu. 
tion has been increasingly criti-
cized and is no longer viewed as 
the universal model to be applied 
to address internationally the is-
sues of food production and pov- 
erty alleviation. The Green Revo-
lution has never been broadly 
adopted by subsistence farmers 
in most African countries and, 
when adopted in some Asian and 
Latin American Countries, new 
socioeconomic and lately envi­
ronmental problems have arisen. 

First, it is obvious that the 
Green Revolution requires more 
than the extension of new iech-
nologies. In Asia, substantial 
changes in agricultural policy 
have been key to success. These 
changes included levels of rela-
tive prices favorable to food pro-

duction, stable agricultural prices, 
more secure access to food guar-
anteed by plentiful public stocks, 
input subsidies, and easy access 
to credit. Itwas also observed that 
most Asian countries, in com-
parison with Afr ca were open to 
the establishment of market 
economies sooner, because of 
better transport and communica-
tion networks and more inte-
grated agricultural sectors. Asia 
has traditionally benefited from 
stable institutions, both at na-
tional and district levels; whereas, 
in most African countries, cen-
trally organized states have a 

short history. Currently these 
states are facing critical financial 
situations and, thus, huge diffi-
culties in implementing the re­
quired changes in agriculturalpolicies. 

The Green Revolution has 
been criticized lately because it is 
usually adopted and profitable 
under irrigation conditions and by 
those farmers who havw a com-
parative advantage as far as land, 
capital, and access to credit and 
markets are concerned. Exten-
sive surveys conducted in Asian 
countries show that the Green 
Revolution benefited all types of 
farmers but did not change ineq-
uity patterns. 

More recently, another limita-

tion has been identified. Concern 
is mounting as to the long-term 
sustainability of the biophysical 
components of the environment 
under intensive farming condi-
tions. Land degradation, or par-
ticularly soil fertility decline, isan 
increasingly significant limitation 

of agricultural productivity. Such 
a phenomenon is not only re-
ported in poorly endowed areas, 
such as sub-Saharan African re­
gions, but also in highly produc-
tive areas where increased crop 
productivity caused by the 
"Green Revolution" is now pla-
teauing, if not decreasing as cur-
rently reported in the Indo-
Gangetic Plain. Other causes, 
such as unfavorable trends in the 
price of rice, are likely contribut-
ing to stagnating yields, but it 
would be foolish to ignore evi-
dence of other practices, such as 
unbalanced fertilization or misuse 

of irrigation water, which may 
cause environmental damage. 

Finally, the primary focus of 

the DGR is a "no-regret" strat­egy, i.e., a strategy that aims to 
keep the risk factor within ac­
ceptable limits by adopting mea­
sures that will remain useful in 
all possible future scenarios.The 
DGR aims at poverty alleviation, 
increased food production, de­
creased social inequity, alleviation 
of agriculture's negative effects, 
and enhancement of its positive 
impact on the environment. 

Intensive agricultural research 
but, more importantly, new re­
search approaches and method­
ologies will be required to over­

ce sc a chaengetduringethnext 30 years, that is, to achieve 

the coexistence between human 
society's activities and needs with 
the need for maintaining the 
capability of managed ecosys­
tems to sustainably support 'v 
creasing pressures exerted by
these societies. 

Call for More Integrated 
and Committed Research 

Although some funding agen­
cies are tempted to reduce dras­
tically :search funding, a new 
strategy for sustainable agricul­
tural and rural development, such 
as DGR, will gain credibility and 
socioeconomic impact only if a 
s.:rong and coordinated effort of 
research is promoted worldwide. 
However, research organizations 
are constantly challenged to tai­
lor theit activities to the evolving 
needs of the agriculture sector. 
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To do "business as usual" will not 
meet the challenge of the DGR. 
In this essay, I will only suggest 
how research on sustainable land 
use management in developing 

countries can become more ef-
fective, based upon the recent ex-
perience of CIRAD and IFDC. 

First, from a scientific perspec-
tive, research organizations must 
build close and functional link-
ages between biophysical science 
research, such as soil science, 
agronomy, and research on eco-
nomics and policy-related mat-
ters. This goal will be more eas-
ily reached by strengthening our 
scientific capacity in the fields of 
agroecology and environmental 
,-conomics. An agroecological 
approach to develop an alterna-
tive technology such as "Soil-
Water Biomass-Nutrient Man-
agement" is the most important 
pillar of the DGR. Profitable and 
environmentally benign technol- 
ogy has to be designed based 
upon a better understanding of 
the complex interactions be-
tween the biological, chemical, 
and physical properties of soil 
and the impact of cultivation and 
crop and water management 
practices on these interactions. 
In Latin America, particularly in 
South and Central Brazil, farmer 
groups supported by local and in-

ternational research organiza-
tions are developing no-tillage 
systems with very convincing re-
sults from an economic and en-
vironmental perspective. More 
scientific data must be gathered 
on the sustainability of such sys-
tems, which is precisely what 
IFDC scientists are doir g ,n Uru-
guay and CIRAD scientists have 

been doing for more than 10 
years on research stations and in-
creasingly on farmers' fields. 

Envi,onmental economics is
also central to the scientific as-

sessment of DGR. The recen t 
pressures to reduce consurnptio 
of inorani fertilizers in dee-

oped countries can be very dam-
aging to sustainable land man-
agement if they are allowed to 
impact most developing coun-

tries. A special focus should be 
on the full accounting of benefits 
and costs of organic and inor-
ganic fertilizer use not only as an 
intensification input to increase 
crop productivity and farmers' 
income but also as an investment 
to increase or rehabilitate the 
natural capital in already de-
graded lands. Of particular rel­
evance is the ongoing World 
Bank survey on the cost:benefit 
analysis of the use of indigenous 
phosphate rock products as a 
natural capital investment in sub-
Saharan Africa. This survey is 
currently being conducted by a 
consortium of research and de-
velopment organizations includ-
ing IFDC, International Centre 
for Research in Agroforestry 
(ICRAF), CIRAD and the 
Norwegian Centre for Interna-
tional Agricultural Development 
(NORAGRIC). This study will 

provide a sound scientific base for 
investments in soil fertility in Af-
rica by enhancing traditional eco-
nomics with the valuation of en-
vironmental and social benefits 
and costs (direct or indirect ef-
fects) of an investment, such as 
an increase in carbon sequestra- 
tion and a reduction of migration 
rate from rural to urban areas. 

Second, research organizations 
need to develop new linkages, 
certainly with other research or­
ganizations and, more impor­
tantly, with all the stakeholders 

of susitainable agricultural sys­
tems. Based upon a fair assess­
ment of the strength and com­
parative advantage of each 
developed looking for comple­

nentaritv and synergy. The 
GAtmi s s uti n reas­

iytem is on g e as­
ment of such linkages, based 
upon a fair share among scien­
tific and managerial responsibili­
ies among partner organizations, 
including non-governmental 

g g 
ornts pNacsceNtoingas currently practiced by IFDC, 
for instance, in Africa is a re­

sponse to this need for linkages 
among scientific partners. Offer­ing much promise are linkages 
with not only private organiza­
tions involved in agricultural pro­
duction, such as farmers' coop­
eratives and localNGOs, butalso 

with a esse s sn buDCo 
with agribusinesses. IFDC's link­
manufacturers from more re­
cently industrialized countries, 
such asindiaandVenezuela, pro­
sude goodilsans ofnthe fri­
fulness of such multisectorial 
partnerships. 

Finally, the ultimate purpose of 
research organizations commit­
ted to developing sustainable ag­
ricultural systems is to promote 
witiin emerging economies their 
own capacities to develop and 
manage such systems. I am 
pleased to acknowledge IFDC's 
long-term experience in training 
and capacity building. Research 
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organizations need to go beyond 
this training effort to increase the 
knowledge base of national sci-
entists from developing countries 
and also support the decision-
making process in these countries. 
This entails the designing of de-
velopment scenarios, such as re-
cently developed by the Organi-
zation for Economic Cooperation 
and Development/Comite Inter-
Etats pour la Lutte Contre Ia 
Secheresse au Sahel(OECD/ 
CILSS) in sub-Saharan Africa 
with the participation of my 
Department. It also involves the 
validation of models to help 
decisionmakers rationalize re-
gional and national agriculturalvis visdevelopment. IFDC's recentux- funding agencies, in its ability to 

sessment of the current food 
needs and the capacity of soil to 
meet these needs through better 
soil and crop management. 
Other important consequences 
of the Albania project are the de-
velopment of a sound credit sys-
tem, the emergence of private 
business, and the need for re-
search to improve the data base 
required for effective modeling 
and planning. Moreover, IFDC 
believes that the supporting 
activities to the development of 
a marketing economy are impor-
tant both in planning scientific 
priorities within the institution 
and the gaining of increased 

dpmrience inAlbania shows how 


modeling tools can be used to 
support the decisionmaking pro-

cess to develop a national fertil-
izer subsector based on the as-

foster sustainable agricultural 

development through ascientific
 
approach. 

In conclusion, the DGR is a 
challenging strategy to reduce 
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poverty, food shortage, and mal­
nutrition and to maintain a 
healthy and safe environment for 
our planet's growing population. 
It is also a challenge to the world's 
scientific community, which must 
pave the way toward these ob­
jectives. This challenge is faced 
not only by research organiza­
tions, funding and development 
agencies but also by individual sci­
entists as they balance their ac­
tivities between the "what" and 
the "how," thai is, between the 
desirable increase of the knowl­
edge base and their own com­
mitment to the implementation 
of improved technology to en­
hance the quality of life of agrow­ing population of world poor. 



Nutrient 9ynamics Resewch

Asia ZEW1. !!OMn ilieialk 

't
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In 1994 IFDC continued its nutrient dynamics research as a 
means of promoting sustainable agriculture. The Center's 

scientists posted in Asia and Latin America concentrated on 
developing strategies to help farmers in those regions 

expand and sustain agricultural production using both 
inorganic and organic sources of plant nutrients. Their 

findings are being applied on farms in countries such as 
Brazil, Colombia, Uruguay, and Vietnam. 
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Efficiency of urea on 
broadcast-seed ed rice in-the 

Mekong Delta 

\ irect seeding has been Four field trials were conducted popular alternative to transplant­
adopted as the most effi- with broadcast-seeded flooded rice ing. However, various seeding 
cient method of planting in the Mekong River Delta during rates have been used by farmers 

rice in the Mekong Delta, and urea the 1989/90 dry season. Thorough even in the same area. On acid 
is the main nitrogen fertilizer ap- incorporation of urea into the soil sulfate soils, transplanting is widely 
plied to this lowland rice area. without standing water before practiced, but plant spacing for this 
However, information on the fate transplanting theoretically reduces soil has not been established. 
of nitrogen in broadcast-seeded ammonia loss. In this trial, how­
flooded rice is limited. With par- ever, basal urea broadcast and Four field experiments were 
tial funding from the Australian incorporated into mud without conducted in the 1990/91 dry
International Development Assis- standing water resulted in no yield season in the Mekong River Delta: 
tance Bureau (AIDAB), the IFDC- advantage over urea broadcast three sites were broadcast-seeded 
International Rice Research Insti- into 5 cm standing water at 10 alluvial soils and another site (acid 
tute (IRRI) collaborative project has days after sowing. Therefore, de- sulfate soils) was transplanted. Two 
conducted field experiments over laying the first urea application planting densities and six nitrogen 
the past few years to evaluate the until 10 clays after sowing as rates were evaluated for these soils. 
efficiency of applied urea for topdress had no adverse effect on Grain yield did not differ be­
direct-seeded and transplanted rice the yield of broadcast-seeded rice. tween two seeding rates of 150 
in thern io A one-third basal application of and 250 kg seed/ha at Binhduc 
Southern Vietnam. DAP Plus irea inthe other two and Cailay. In Hoaan, an acid sul-

Effect of Time of Urea splits (20, 45 days after sowing) fate soil, the yield from 15 x 15 
Applctin o U se was also tested. When DAP was cm was higher than 20 x 20 cm 
Application on Nitrogen Use used as the first nitrogen basal hill spacing. Since Hoaan soil is
Efficiency of Rice in Alluvial an acid sulfate soil, plant growth 
Soil application, yield and yield coin- isbelow normal; thus, closer spac-

Basal incorporation of urea is creased incomparison with urea ing and planting of several plants 

one of the strategies to reduce loss plus single superphosphate (SSP). per hill are recommended. Hoaan 
of ammonia. However, in the gave the lowest grain yield, seed 
Mekong River Delta many farm- Effect of Seeding Rate and weight, and percentage of filled 
ers do not basally incorporate ni- Spacing on Nitrogen spikelets among the sites. In 

troen ertlierntoth sol swn Efficiency of Rice in Alluvial tamned from a high seeding ratetrogen fertilizer onto the soil sown Spaiciengy o Nirogen Aluil Cantho, the lowest yield was ob­
with direct-seeded rice. Three and Acid Sulfate Soils in the 
equal split applications of fertilizer Mekong River Delta primarily because the spikelet 
nitrogen are usually broadcast into number per panicle was lesser than 
the floodwater about 10 days af- Rice is planted either by direct that at a low seeding rate (31 ver­
ter sowing the crop. Insome cases, seeding or by transplanting in the sus 42). In this case the panicle
these farmers apply diammonium Mekong River Delta of Southern number per square meter (1,088)
phosphate (DAP) as a one-third Vietnam. On alluvial soils, direct at a high seeding rate was very
nitrogen basal dose. seeding isbecoming an increasingly much greater than that from other 
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sites (e.g., Cailay: 672); thus, a 
lower spikelet number per panicle 
is expected. 

Grain yield responded positively 
to increased applied nitrogen up 
to 80 kg nitrogen/ha at Cantho,Binh dtrogen 

120 kg nitrogen/ha for Cailay. 
Additional application of more 
than SO kg nitrogen/ha at Cantho,
Binhduc and Hoaan reduced grainthan 

from the acid sulfate soil in Hoaan, 
however, was 5% of applied urea. 
Therefore, since floodwater pH of 

this soil after applying urea did not 
exceed 5.5, ammonia volatilization 
was not the main pathway of ni-loss on this soil. 

Effect of Urea Split 
Application on Nitrogen Use 

yield because of lodging. Because 
Cantho and Binhduc sites have 
alluvial soils, they derive their ni-
trients from yearly river deposits 
while in loaan, high nitrogen in-. 
teracts with phosphorus since it 
has an acid sulfate soil. 

15N balance in soil plus roots at 
the Mekong [)elta suggests that 
leaching was not an important loss 
mechanism in these soils. Nitro-
gen loss from alluvial soils was 
21%-33% of applied urea due to 
elevated floodwater pH (pH > 8.0) 
after applying urea. Therefore, 
nitrogen loss in these sites is pre-
surned to be mainly due to amno-
nia volatilization. Nitrogen loss 

Application of urea in three 
rather than one or two splits may 
encourage better crop growth and 
more efficient use of nitrogen with 
fewer risks of massive nitrogen 
losses through ammonia volatiliza-
tion, denitrification, and leaching. 
Recent research has demonstrated 
the importance of split application 
for reducing losses of nitrogen fer-
tilizer and also resulting in higher 
recovery of nitrogen in the grain 
and straw. Two field experiments 
were conducted in the Mekong 
River Delta with broadcast-seeded 
rice in the dry season 1991/92 
and wet season 1992. The effect 

Nutrien management for 
sustainable agricutture on Latin 
America's acid soils 

I he savannas of South 
America are considered 
by many to be the last ag-

ricultural frontier on the planet and 
the potential breadbasket of the 
continent. However, the principal 
constraints to intensified agricul-
tural production in this ecosystem 
are high soil acidity and very poor 

soil fertility. The first of these con-
straints can be addressed through 
the judicious use of lime and the 
development of more acid-soil tol-
erant crop germplasm, an activity 
in which several of the interna-
tional agricultural research centers 
(IARCs), including the Interna-
tional Center for Tropical Agricul-

of various timings of three or four 
urea split applications on nitrogen 
use efficiency was examined. 

The total 15N recovery by rice 
plants was not different among the 
four urea-nitrogen split applicationmethods. Nitrogen uptake also 

rarely differed among different split 
applications. Nitrogen uptake in 
the dry season was always higher

that in the wet season in ev­

cry growth stage and in straw and 
grain. 

ain yeldonceaed ni­
canty in response to applied ni­
trogen up to 80 kg nitrogen/ha 
for Binhduc and Cantho in the dry 
season 1991/92 and wet season 
1992. Different split applications 
of nitrogen at a rate of 80 kg/ha 
did not significantly increase grain 
yield. Therefore, there is no 
advantage in modifying the nitro­
gen split application from the far­
mers' present practice of three 
equal applications at Cantho and 
Binhduc. 

ture (CIAT), are actively engaged. 
The second constraint can only be 
overcome by the application of 
fertilizers. 

Monocropping coupled with the 
use of high levels of inputs is in­
creasingly considered to be an 
unsustainable practice leading to 
a deterioration of soil physical 
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IFDC's Impact in Latin America
 
The Colombian Example
Since its inception IFDC has pioneered work on the characterization and effective use of 

indigenous agrominerals such as phosphate rock. These technologies have been devel­
oped first at Headquarters, subsequently tested at other international agricultural research 

centers, and eventually passed to institutions at the national level by using regional networks 
and national programs. On the Latin American continent, IFDC has long been involved in 
research to find energy-efficient, cost-effective alternatives to the more expensive imported 
phosphate fertilizers by using natural and altered phosphates from countries like Colombia. As 
a result of IFDC research and promotion of indigenous resources, 25,000 tonnes of Colombia's 
Huila phosphate rock (approximately one-seventh of that country's annual consumption of 
phosphate fertilizers) is now being sold and consumed on Colombian farmers' fields each year. 
The private sector is now actively involved in the processing and production of phosphate 
fertilizer based on Huila phosphate rock. By using this indigenous fertilizer, Colombia is realiz­
ing an estimated saving in foreign exchange of US $1 million per year. Colombia is only one of 
the many developing countries that IFDC has helped find ways to use their indigenous phos­
phate resources as plant nutrients. A few of the other examples include Brazil, India, Mali, 
Philippines, Tanzania, Venezuela, and Zambia. 

properties and escalation of pest 
problems. The nutrient use effi-
ciency in such systems may also 
be less than optimal as a result of 
increased losses through runoff, 
erosion, leaching, and poor crop
rooting characteristics in degradedrootinfertilizer-rate" 
soils, among other factors. Sys-
tems that are more conducive to 
resource conservation and nutri-
ent cycling are thus essential for 
the sustainable exploitation of the 
last frontier. 

In 1993 IFDC joined with CIAT 
and the Colombian national pro-
gram, Corporaci6n Centro de 
Investigaciones Agropecuarias 
(CORPOICA), in establishing a 
long-term experiment on the 
Colombian Llanos to investigate 
sustainable crop rotation and ley 
farming systems for the acid soil 
savannas. Several other institu-
tions have since joined to investi-
gate complementary aspects of 

sustainability not covered by 
CIAT's and IFDC's expertise. This 
experiment compares a selection 
of alternative systems to mono-
cultures, incorporating compo­
nents that attenuate or reverse 
their deleterious effects. Compo-

nents include grain legumes, green 
manures, and pasture leys in rota-
tions to increase the stability of 
systems based on annual cereal 
crops. To varying degrees, these 
components are expected to ex-
pand nutrient cycling and conser-
vation, increase carbon inputs, 
reduce soil organic matter loss, 
and maintain the soil physical con-
dition. A principal objective of the 
project is the development of 
integrated models thatwould simu-
late the effects of system com-
ponents and management on soil 
chemical, biological, and physical 
processes and enable the evalua-
tion and extrapolation in space 
and time of the effect of compo-

nents and management deviations 
on system stability. 

elng-term core" een 

:mplemented in two stages. Rice­
based systems involving lowlevels of lime ap­

plications (500 kg/ha) were initi­
ated in 1993 while maize-based 
systems requiring higher levels of 
"remedial" lime applications (2 
tonnes/ha) commenced in 1994. 
During the first two years, the ex­
periment has already yielded inter­
esting and useful information. IIs­
ing fertilizer rates determined in 
satellite experiments, rice yields of 
approximately 3-3.5 tonnes/ha 
were obtained in 1993 and 1994 
(Table 1). Yields of rice undersown 
with pasture were not affected, but 
the comparatively higher soil fer­
tility resulting from rice fertilization 
yielded a pasture that could be 
stocked with animals three months 
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Trable 1. 	 Grain and Dry Matter Production in Monocultures 
and Rotations in the Long-Term Cropping 
Systems Trial ("Culticore") at CarimagaJa 

Cultural System 

Monoculture 
Cereal/grain legume 

rotation 
Cereal/green manure 

rotation 
AgropakL --1 r. ,atior 

1993Rice Cowpea 1994 

Grain ry MMtter Grain Dry Matter Rice Maize 
------------ (kg/ha)------------ -- (kg/ha) ---

2,220 

2,850a 12,600a 1,130 1,720 3,330 2,330a 

1,540 3,530 
3,330 12,500 2,570 

a. Treatments harvested as one unit per replicate,
% 

after the rice harvest and would 

carry them through the dry sea-

son with very respectable liveweight 

gains of 333 grams/day. 

The intervening cowpea grain 
legume and green manure crops, 
sown in the second cropping sea-
son of 1993 after rice, had a sig-
nificant impact on rice sown in the 
subsequent 1994 rainy season 
(Table 1). About 1.5 tonnes/ha of 
green manurie (dry matter basis) 
incorporated at flowering and 1.7 
tonnes/ha of cowpea residues in-
corporated after harvest in 1993 
resulted in more than 1 tonne/ha 
of additional rice grain yield in 
1994. The rice crop during the 
season was visibly greener in these 
systems than in the monoculture 
system, which depended entirely 
on fertilizer ni'rogen applications.While part of the yield gain may
be explained by the improved ni-
trogen economy in the legume 
rotation treatments, the second 
season legume crops also had a 
significant effect on reducing weed 
infestation in rice the following 
season, 

To define further the effects of 
the legumes on the nitrogen 

economy of the rotation systems, 

the dynamics of mineral nitrogen 

in the soil profile were followed in 

the rice monoculture and rice-

green manure systems at monthly
intervals during the intervening 
1993/94 dry season. Ammonium 
levels in the soil were hardly af-
fected by the green manure which, 

in contrast, had a marked impact 
on nitrate concentrations in the 
profile to 1-meter depth. This ef-
fect increased through the dry sea-
son such that, by sowing time in 
early April, it was already appar-
ent that nitrate was moving out of 
the root zone of the sown rice 
crop. Cowpea (grain legume) resi-
dues also had a significant but 
lesser impact on profile nitrate 
concentrations while some nitrate 
was also derived from decompos-
ing rice straw residues. 

Soil profile nitrate levels were 
again measured after the rice crop 
harvest in 1994. By this time, 
most of the residue-derived nitro-
gen and fertilizer nitrogen (80 kg/ 
ha applied to rice in all systems in 
three splits), which had not been 
recovered by the crop, had leached 

beyond the 60-cm depth. The 
lower levels of nitrate in the 

monoculture rice profile compared 
with the rotations probably reflect 
the differences in total inputs 
(which were also reflected in the 

rice yields). It is probably inevitable 
that this nitrate, whether derived 
from fertilizer or residues, will find 

its way to the ground water. 
Despite the benefits ascribed to 
legumes and green manures, 
therefore, the potential exists for 
substantial nitrogen !osses from ro­

tational systems involving legumes 
where there is less opportunity to 
control through management the 
fate of nitrogen applied by residue 
incorporation as compared with 
nitrogen management from mai­
eral fertilizers. These observations 

the need for carefuldemonstrate 
management of both fertilizers and 

leak­residues o reduce nitrogen 

age from cropping systems and for 
further research to develop better 
management strategies of both 
types of inputs and systems that 
are more able to use them 

efficiently. 

To improve our knowledge base 
on the efficient management of 
inorganic fertilizer inputs, medium­
term satellite experiments involv­
ing rice-cowpea or maize-soybean 
rotations continue to run adjacent 
to the "culticore" long-term 
systems trial. The specific objec­
tives of these experiments are to 
quantify nutrient requirements of 
crops in rotations on Llanos 
Oxisols; to gain a better under­

standing of the dynamics, fluxes, 
and fate of phosphorus and nutri­
ent cations (calcium, magnesium, 
and potass-um); and to monitor 
developments in soil acidity follow­
ing lime applications. Two designs 
are used. In ope (replicated at three 
sites), several rates of lime, potas­
sium, and magnesium are used in 
various combinations to monitor 
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fluxes of lime, potassium, and 
magnesium out of the surface soil 
and into the soil profile while ob-
serving the consequent changes in 
response to residual lime. The 
second (conducted at two sites) is 
a phosphorus rate experiment that 
permits comparisons of fresh and 
residual phosphate applications, 

In terms of crop response, se-
vere magnesium deficiency was 
observed in rice and cowpea at two 
of the three sites. However, rela-
tively modest rates of lime were 
found to be sufficient to produce 
maximum yields of rice, cowpeas, 
and maize using the advanced 
germplasm from CIAT and the 
International Maize and Wheat 
Improvement Center (CIMMYT). 
Very preliminary data also suggest 

key limitation for evalu-
ating the sustainability of 
agricultural production 

systems is the period of time re-
quired for such evaluations. Thus, 
the concept of sustainability im-
plies the consideration of relatively 
long research periods of time, 
which are prohibitive for the re-
strictive conditions of most re-
search institutes. To overcome 
these limitations existing long-term 
experiments can be used to study 
the evolution of productivity lev-
els, soil properties, economic re-
sults, and effects on the environ-
ment. For this purpose, IFDC is 
using one of the most valuable 
long-term experiments, which is 
conducted by the Instituto Nacional 
de Investigaci6n Agropecuaria 
(INIA)-La Estanzuela in southwest-
ern Uruguay. This 30-year-old ex-

relatively small reductions of the 
effects of lime after a 1-year 
period. Responses of rice and cow-
pea at Matazul and maize at 
Carimagua to phosphate fertilizer 
reflect the very low levels of avail-
able phosphorus in these Oxisols. 
In general, virtually no yield was 
obtained without applied phos-

phorus. Nevertheless, application 
of phosphate fertilizer produced 
sharp responses; maximum yields 
were obtained with 40-60 kg-
phosphate/ha on rice and 60-80 
kg-phosphate/ha on maize. Cow-
pea, grown on residual phosphate 
applied to the previous rice crop 
in 1993, also produced maximum 
yields at 40-60 kg phosphate/ha. 
Residual effectiveness of phos-
phate fertilizer on these 'high 

phosphorus-fixing' soils also ap­
pears to be appreciable. However, 
for both lime and phosphate, it will 
be necessary to monitor these ef­
fects over a period of several years 
to quantify the input use efficiency 
and to determine their fate. For 
phosphorus, information of this 
type will enable the parameters to 

be established for ihe models de­
scribing .e residual value and cy­
cling of phosphate fertilizer, iiclud­
ing the CENTURY model, which 
simulates phosphorus cycling in 
agroecosystems. It will also assist 
in the deveiopment of the phos­
phorus submodel of tho CERES 
crop simulation models and enable 
the extrapolation of results to 
other environments. 

Sustainability research
 

periment consists of seven crop-
ping sequences. Because the plot 
size in this experiment is 0.5 ha, 
all field operations are performed 
with conventional farm equip-
ment. Records of tillage operations 
and the amounts and costs of ap-
pied pesticides and fertilizer are 
available for the entire experimen-
tal period. Therefore, 'he results 
of this trial can be used t, _.nalyze 
the agronomic, environmental, 
and economic performance of the 
different cropping systems in the 
long term for conditions that are 
very similar to the farmers' 
conditions. 

During 1994 our research in 
this long-term experiment in Uru-
guay concentrated on three con-
trasting cropping systems (CSs): 
CS-1 (continuous crops with no 

in Uruguay 
fertilizer applications), CS-2 (con­
tinuous crops with nitrogen + 
phosphate fertilizers), and CS-5 (3­
4 years of pastures with phosphate 
fertilizers followed by 3-4 years of 
crops with nitrogen + phosphate 
fertilizers). 

Evolution of Soil Organic 
Matter and Total Soil Nitro­
gen - The main objective of this 
analysis was to study the variation 
of the soil orgai,ic matter, total soil 
nitrogen, and forms of soil phos­
phorus as affected by cropping 
systems and by soil and crop man­
agement practices in the period 
1963-91. An assessment of thp 
sustainability of a production sys­
tem must consider soil organic 
matter since it is a key factor in 
determining the soil's abilty to 
supply nutrients and water to the 
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crops and the soil's physical con-
dition for plant growth. 

The cropping systems evaluated 
in this experiment can be divided 

into threc main groups: (1)systems 
with continuous crops (CS-1 with-
out fertilizers, and CS-2 with ni-
trogen and phosphate fertilizers); 
(2) systems in which crops alter-
nate with short-duration (1-2 
years) pastures (CS-4 and CS-7 
with legumes, and CS-6 with an-
nual grasses); and (3) systems with 
4-5 years of .'zops followed by 4-
5 years of multiarinual pastures 
that include legumes (CS-3 vith 
alfalfa or birdsfoot trefoil, and CS-
5 with a mixture of white clover, 
red clover, and tall fescue). 

Results of the first 30 years of 
research revealed that for all sys-
tems in the first two groups men-
tioned above, the factors that ex-
plained the majority of the 
variation in soil organic matter 
were the number of years with 
crops and the number of primary 
tillage operations. These were also 
the most important factors for the 
cropping systems with multiannual 
pastures during the crop stages. 

The most detrimental effect of 
the number of years with crops on 
the soil organic matter was found 
for CS-1 (continuous crops with-

out fertilizer). Application of nitro-
gen and phosphate fertilizers (CS-
2) alleviated the negative effect of 
continuous cropping, but the an-
nuai reduction of soil organic mat-
ter was still large. 

The inclusion of short-duration 
leguminous pastures (CS-4 and 
CS-7) clearly reduced the negative 
effects of cropping on soil organic 
matter. By the end of the period, 
when CS-4 was modified to in-
clude a pasture similar to the one 
in CS-5 and when the red clover 
in CS-7 was allowed to grow for 

an additional year, the reduction in 
soil organic matter was even lower. 

Considering CS-5, a complete 
cycle of the system is comprised 

of two alternating stages: one with 
pastures (4-5 years) and one with 
annual crops (4-5 years). As ex-
pected, the soil organic matter in-
creased during the pasture stages 

and decreased during the crop 
stages. The annual reduction of 
soil organic matter during the crop 
stages in this cropping system was 
the largest of all systems. The eas- 
ily decomposable organic matter 
left by the pastures is probably the 
main cause for this drastic reduc-
tion in soil organic matter during 
the crop stages. 

The data indicated that the in-
crease of soil organic matter dur-
ing the pasture stages was curvi-
linear with large increases at the 
beginning of the pasture cycle and 
smaller annual soil organic matter 
increases with the pasture age. 
The reduction of soil organic mat-
ter during the crop stages was also 
curvilinear with the largest de-
creases immediately after plowing 
the pastures. 

Similar analyses were per-
formed for the data for the total 
soil nitrogen of this experiment, 
The regression models that best 

fitted the data included the same 
variables, and the results and gen-
eral conclusions were equivalent to 
the ones mentioned for soil 
organic matter. 

In general, this initial analysis in-

dicates that the only systems that 
presented adequate soil organic 
matter and total soil nitrogen bal-
ances in 30 years were the ones 
that included leguminous pastures. 
Application of ferlilizers in systems 
with continuous crops reduced the 
losses of soil organic matter but 
were not sufficient to maintain lev-
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els of soil organic matter. Soil man­
agement practices that reduce ero­
sion problems would clearly cause 
lower losses of soil organic mater 

for all cropping systems and would 
probably result in leveied (or even 

g 
total soil nitrogen balances for CS­
5, CS-4, and CS-7. 

Plant Litter Decomposition 
Study - Crop and pasture litter 
decomposition is a fundamental 
factor iin the soil organic matter 
dynamics of crop-pasture rotation 
systems. Litter inputs play a key 
role in detei ,in;ig the equilibrium 
level of soil organic matter 
achieved in different production 
systems. The amount and type of 

added residues affect the soil or­
ganic matter content and are cm­
cial for the short-term availability 
of plant nutrients in crop rotation 
systems. Since litter degradation 
products are incorporated into 
various soil ocganic matter pools 
with different turnover rates, the 
type of residue and residue man­
agement are key factors in deter­
mining carbon and nitrogen stabi­
lization in the soil organic matter, 

which in turn affects the physical 
condition of soils and their ability 
to supply nutrients and water to 
the crops. 

The objective of the plant litter 
research conducted by INIA and 
IFDC was to study decomposition 
rates and nutrient release rates 
from contrasting plant residues as 
affected by cropping sequences, 

plant residue chemical composi­
tion, and plant residue manage­
ment. Additional objectives were 
to compare results obtained under 
field and laboratory conditions and 
to develop a model for predicting 
decomposition rates and nutrient 
release rate of rlant litter under 
field conditions. 



The results indicated that the 
previous cropping history of the 
soil did not affect residue decom-
position rates in the field experi-
ment. Large differences were 
found in the decomposition rates 
of the different plant materials. For 
example, almost 80% of the white 
clover dry matter had disappeared 
62 days after burial while the cor- 
responding figure for the bermuda 

pproximately 10% of the 

Amazonian tropical for- 
ests have been cleared in 

the past 20 years. The traditional 
method used for clearing 90% of 
these areas includes cutting the 
forest, removing high-value tree 
species, burning the remaining 
species, and planting pasture 
grasses (typically Brachiaria). En-
vironmental concerns have led to 
numerous research projects for 
evaluating the sustainability of this 
practice by conducting nutrie.it 
balances in the soil. Research con-
ducted by the Center for Nuclear 
Energy in Agriculture (CENA), 
University of Sao Paulo, has 
shown that the total carbon and 
nitrogen content of the soil in-
creased with the shift from tropi-
cal forest to pastures in the Ama-
zon region. Phosphorus is a key 
nutrient that can limit both pas-
ture production and biological 

grass litter was 35%. These results 
have very important practical im-
plications. For example, the very 
high decomposition rates of the 
white clover residue and its high 
nitrogen content indicate that large 
amounts of nitrogen would be re-
leased to the soil soon after a white 
clover pasture is plowed. This 
would result in very low use effi-
ciency of this nitrogen by subse­

quent crops and potential prob­
lems of nitrate leaching to the 
groundwater. On the other hand, 
bermuda grass, which is a typical 
weed invading Uruguayan pas­
tures, can act as an excellent trap 
for nitrogen, which would be 
slowly released during the grow­
ing seasons of crops planted after 
the pasture. 

Nitrogen and
 
phosphorus studies on
 
the pastures of Brazil
 

nitrogen fixation in these pasture- 

based systems. However, informa-
tion on the evolution of soil phos-
phorus when shifting from forest 
to pastures in the Amazon region 
is very scarce. 

During 1994 IFDC began col-
laborating with CENA on its re-
search of pasture-based systems. 
The focus of this research is a 
study of the variation of different 
soil phosphorus forms when shift-
ing from natural forest to sown 
pastures (2 Lo 80 years old). 

The initial results suggest that 
total soil phosphorus increased 
when shifting from tropical forest 
to 80-year-old pastures. The or­
ganic soil phosphorus, inorganic 
soil phosphorus, and biologically 
active forms of soil phosphorus 
contributed similarly to the in­
crease in total phosphorus. 
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Since the pastures are unfertil­

ized, the only source to account 
for this phosphorus increase in the 
system is the forest. Two sources 
for phosphorus inputs can be iden­
tified: the ashes and the trunks that 
remain on the soil after the burn­
ing; and the forest roots that are 
unaffected by the fire. In addition, 
pasture roots grow well below the 
sampling depth of 0.3 m used in 
our research, where roots from the 
previously existing forest continue 
to be decomposed and phospho­
rus is transported from deeper 
layers. 

http:nutrie.it


Nutrient deficiency studies
 
on Uruguay's dairy farms
 

,fhe most common limiting 

plant nutrients in Uruguay 
are nitrogen and phos-

phorus. During the past decade a 
typical production system included 
3-4 years of annual crops alternat-
ing with 3-4 years of pastures con-
taining legumes. Nitrogen is bio-
logicall, fixed during the pasture 
stage; therefore, phosphorus be-
comes the most limiting nutrient 
for crop production especially in 
the first years after the pastures 
are plowed. In more intensive pro-
duction systems such as dairy 
farming, the situation is probably 
different. 

The dairy production region in 
Uruguay has increased signifi-
cantly during the past decade. This 
increase has resulted in larger 
extractions of plant nutrients 
through animal outputs and exports 
of nutrients from the pioducing 
areas. 

The fertilizer recommendations 
for pastures in several countries 
account for nutrient losses due to 
animal factors and to silage and 
hay production; thus, the nutrient 
balance in the ecosystem is con-
sidered when determining fertilizer 
requiements. Better prediction of 

fertilizer needs inUruguay could 

be achieved if both the expected 
nutrient balance and the current 
nutrient availability in the soil were 
considered. 

Because triple superphosphate 
(TSP) has been the most com-
monly used phosphate fertilizer in 

the dairy-producing area of Uru- 

guay, sulfur deficiencies may have 
resulted. Recent soil testing results 
from western Uruguay suggest 
that potassium may also be limit-
ing crop and pasture production 
in some dairy farms. In summary, 
there is no available information 
on the current soil fertility status 
with respect to sulfur and potas-
sium in the dairy-producing region 
of Uruguay. There is much more 
information on the soil nitrogen 
and phosphorus status from these 
areas, but including these nutrients 
in the present study would allow a 
more comprehensive approach to 

diagnose and correct soil fertility 

problems in the region. 

During 1994 INIA-Uruguay and 
IFDC started a collaborative 
project, partially funded by The 
Sulphur Institute, with the main 
objective of diagnosing the current 
soil fertility status with respect to 
sulfur, potassium, calcium, mag-
nesium, nitrogen, phosphorus, 
and micronutrient in the dairy-
producing regien of Uruguay. 
Plant and soil samples were ob-
tained from 60 dairy farms, and 
results of plant analyses were com-

pared to sufficiency levels reported
in the literature. IFDC and INIA 
scientists are also studying the re-
lationship of the measured nutri-
ent !evels with soil properties and 
soil management practices to iden-

tify situations that are likely to re-
sult in deficiencies of one or more 
of the studied nutrients. 

The data indicated that more 

than 90% of the fields were defi­
cient in nitrogen, and more than 
80%were deficient in sulfur, prob­
ably because the dairy production 
systems in the region are very ex­
haustive for the soil. On the other 
hand, the 1993/94 maize­
growing season presented much 
higher rainfall than average, which 
probably resulted in low use effi­
ciency of nitrogen and sulfur. Fi­
nally, the data collected on fertil­
izer use indicate that farmers use 
very low rates of nitrogen (typi­
cally 20-30 kg/ha applied at plant­
ing), whereas no sulfur fertilizer 
was applied. 

The results also indicated that 
40%-50% of the fields were defi­
cient in potassium, which was un­
expected since soils in Uruguay 
typically have high contents of 
exchangeable potassium. How­
ever, the intensive dairy produc­
tion system and the general lack 
of potash applications are now 
resulting in deficiencies of that 
nutrient. The only micronutrient 
that has been analyzed is zinc, and 
the preliminary results are also 
showing deficiencies. 

These results are very important 

for the region since this is the first 
time that deficiencies of sulfur, 
potassium, and micronutrients 
have been reported. The results 
also have regional relevance since 
the dairy production systems of 

Argentina and South Brazil are 
very similar to the ones in 
Uruguay.
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Watershed Management

in Wes2 Alica
 

The main challenges 
confronting the countries of 

West Africa are feeding their .. I' 

people and helping them to
 
find gainful employment.
 
They must produce more
 

food to feed their
 
burgeoning populations. At
 

the same time, they must
 
rescue the land from
 

degradation, increase crop
 
production, and protect the
 

environment. Through its
 
work in the Watershed
 
Management Program,
 

IFDC-Africa is helping to
 
provide answers to some of
 

these challenges.
 

17
 



Improving crop yields 
usiH giant residues and 
inorganic fertilizers 

This Malian farmer was a partner in an IFDC 
fertilizer research project in his country. 

or the past few years IFDC mineral fertilizers and crop residue 
has been conducting long- application on soil productivity and 
term field experiments at chemical properties. Preliminary 

Sadore, Niger, in the Sahelian zone results indicate that, in the Sahelian 
and Tara, Niger, in the Sudano- zone, pearl millet and cowpea yields 
Sahelian zone to study the effect of were increased significantly by both 

fertilizer and crop residue applica­
tion; highest yields were obtained 
when fertilizers were cr mbined with 
crop recidue mainly because of the 
additive effects of both amend­
ments (Table 2). 

By contrast, in the Sudano-
Sahelia. zone, application of crop 
residue alone or with chemicai fer­
tilizers did not result in a signifi­
cant increase in pearl millet yields 
over the first three years. The rate 
of decomposition of crop residue 
was much higher in the Sudano-
Sahelian zone than in the Sahelian 
zone. 

Appiication of crop residue in­
creased significantly the organic 
matter content of soil and the ef­
fective cation exchange capacity 
at Sadore but not at Tara. For both 
sites the application of mineral 
fertilizers alone leads to decreas­
ing base saturation, decreasing 
pH, and increasing aluminum satu­
ration. The apparently contradic­
tory results obtained in response 
to crop residue application suggest 
that much needs to be done to in­
vestigate the mechanisms of the 
effects of crop residue on crop 
growth in different climates and to 
monitor more closely the dynam­
ics of organic matter turnover in 
the different soils. 
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Table 2. Effect of Mineral Fertilizers and Crop Residue on Pearl Millet Total Dry Matter 
(TDM) Yields (Sadore, Niger) 

Pearl Millet TDM Yield Cowpea Fodder Yield 

Treatment 1990 1991 1992 1993 1994 1991 1992 1993 1994 

------------­ (kg/ha)--------------­-------­ (kg/na)--------
Control 900 722 1,300 1,238 813 969 2,195 840 1,063 

Crop residue (CR) 1,611 2,276 2,882 3,209 1,663 1,896 2,920 893 2,363 
Fertilizer (F) 1,803 2,923 3,898 3,481 2,375 2,837 3,840 2,010 2,250 
CR + F 4,312 6,173 8,098 6,393 5,204 4,841 6,140 2,400 6,421 

LSD 0.05 710 490 1,393 1,650 738 1,591 682 390 952 

CV (%) 21 10 22 29 18 28 16 16 20 

Supplying 
micronutrient 

requirements of 
Sahelian soils 

molybdenum is known to decrease with a decrease 
in soil pH,and for the acid sandy soils of the Sahel, 
molybdenum deficiency could constitute a serious 
problem for crop production. Molybdenum avail­
able in the soil has been found to be insufficient to 

/* ! the requirement for symbiotic nitrogen fixa-Imeet 
tion of legumes such as groundnut and cowpea.

Id Between 1991 and 1994 experiments conducted 
at Sadore included treatments of nitrogen, phos­

11 phorus, manure, carbofuran and molybdenum ap-
ANigerian farmer who participated in IFDC's plied or not applied as the first criteria. The crops 
on-farm research.J tested included pearl millet, groundnuts, and cow­

pea. With few exceptions application of nitrogen, 
phosphorus and manure resulted in a highly signifi­

revious researchers have shown the impor- cant yield increase. The significant yield response 
tance of nitrogen, phosphorus and organic to nitrogen for legumes indicates that the predomi­
amendments such as manure for the improve- nantly sandy soils of the Sahelian zone may be de­

ment of crop production in the Sahelian zone. There ficient in molybdenum, which is required for effi­
is increasing research evidence of the importance of cient symbiotic nitrogen fixation. There is a positive 
molybdenum for crop production. The availability of interaction between phosphorus and manure; the 
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effect of manure was less pro-
nounced in the presence of phos-
phorus application. This suggests 
that high yields could be obtained 
with the combination of smaller 
quantities of phosphate fertilizer 
and manure. 

In the cases where the interac-
tion between nitrogen ard molyb-
denum is significant, a greater re-
sponse to molybdenum was 
observed in the presence of nitro-
gen than when nitrogen was not 
applied. This suggests that le-
gumes will need application of 

small amounts of nitrogen as a 
starter fertilizer. Where the inter-
action between manure and 
molybdenum was significant, yield 
was less affected by the applica-
tion of molybdenum when manure 
was applied. This suggests that 
manure already contains sufficient 
amounts of molybdenum required 
by the crop. 

Agricultural productivity could 
be dramatically increased with the 
improvement of soil fertility. For 
example, pearl millet grain yield 
in 1991 and groundnut fodder 

IFDC's Impact in Africa 
The Nigerien Example 

yield in 1993 increased, respec­
tively, by 550% and 552% over 
the control with the application of 
nitrogen, phosphorus, manure, 
carbofuran, and molybdenum. Al­
though nitrogen, phosphorus, and 
manure are the most critical for 
yield enhancement, the applica­
tion of molybdenum and carbo­
furan increased yield over control 
by 8%-72% for pearl millet and by 
20%-73% for the legumes. The 
highest yields are obtained when 
both organic and inorganic fertiliz­
ers are applied with chemicals to 
control nematodes. 

hirty farmers in Niger, who participated in an IFDC research project, have seen their 

millet yields increase by 250%. The farmers tested the effect on millet production of 

applying 30 kg of P20 5 per hectare as phosphate rock from their country, or its 
partially acidulated form, or as a commercially available single superphosphate. As a result of 
IFDC's work, fertilizer use in Gobery, Niger, has increased from 2 mt of single superphosphate 
in 1982 to a total of more than 115 mt of SSP, urea, and compound NPK fertilizers in 1988. In 

1994, 98% of the farms in Gobery were fertilized. IFDC has tested its Nigerien success in Mali 

and Nigeria. Farmer participation in the validation of fertilizer-use technologies has become the 
centerpiece of the IFDC-coordinated West African Fertilizer Management and Evaluation Net­

work (WAFMEN), composed of 19 member countries. 
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Improving soil fertility using 
local phcsphate rocks 

ne of tne major con- Recent laboratory and green- PAPR was converted to citrate­
straints to the direct ap- house studies showed that iron and insoluble phosphorus and thus be­
plication of phosphate aluminum oxide contents of phos- came less available to the plant. 

rock is its dustiness. Farmers are phate rock can significantly ham- Compaction of Tahoua with TSP 
also aware that phosphate rock per the water solubility and agro- resulted in a more desirable prod­
must be supplemented with other nomic effectiveness of partially uct. The data in Table 3 indicate 
nutrients such as nitrogen, potas- acidulated phosphate rock (PAPR) that the compacted products are 
sium and sulfur, and sometimes mi- made from the rock. In field ex- similar in properties to PAPR and 
cronutrients. For unreactive rocks periments it was previously con- suggest that compaction is an al­
such as Parc-W phosphate rock cluded that Tahoua PAPR was not ternative technology to produce 
from Niger, the mixture of phos- a desirable product because acidu- cost-effective phosphate fertilizers 
phate rock with TSP by compac- lation of this rock with high iron from local phosphate rocks. 
tion (1:1 phosphorus ratio from and aluminum oxide contents re­
each component plus urea and suited in a material that contained 
potassium chloride) can increase relatively low amounts of water­
the availability of phosphorus in soluble phosphate. Some of the 
the product. water-soluble phosphate in Tahoua 

Table 3. Response of Pearl Millet Total Dry Matter to Different Sources of Phosphate 
Fertilizer (Bengou, Niger, 1993 and 1994) 

Treatment TDM, 1993 RAE TDM, 1994 RAE 

(kg/ha) (%) (kg/ha) (%) 

1. 	Control 3,593 - 2,196 ­
2. 	Single superphosphate (SSP) 5,424 100 3,913 100 
3. 	Triple superphosphate (TSP) 5,288 93 3,600 82 
4. 	Parc-W PR 4,551 52 3,288 64 
5. Tahoua PR 	 3,656 3 3,123 54 
6. 	Parc-W PAPR 4,428 46 3,067 51 
7. 	 Compacted Tahoua PR with urea and KCI 4,401 44 2,921 42 
8. 	 Compacted Parc-W PAPR with urea and KCI 5,427 100 3,596 82 
9. 	Compacted Tahoua PR + TSP with urea 

and KCI 5,855 124 4,254 120 
10. Compacted Parc-W PR + TSP with urea 

and KCI 5,852 123 3,908 100 
LSD 0.05 987 - 1,024 -

CV (%) 	 14 21 

RAE= Relative agronomic effectiveness 
TDM = Total dry matter 

1. RAE = Yield of test treatment - yield of control x 100 
Yield of SSP - yield of control 
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Using phosphate fertilizers 
with grain seeds 

!t 

.IA .­.~~~~~, 

Farm animals are an important segment of African agriculture.) 

provide the phosphorus nology, an equivalent of 2 kg/ha dry matter yield of pearl millet at 

nutrient to the plant at the of phosphate fertilizer was hill- 40 days after planting was dramati­
germination stage, seeds placed with seed at planting in a cally increased with this technique 

can be coated with phosphate fer- pot experiment using different of phosphate application. This 
tilizer to promote plant growth types of phosphate fertilizers. The finding has significant implications 
during the early stages. In order results indicate that for most of the for resource-poor farmers in the 
to simulate the seed coating tech- phosphate fertilizer sources, total West African semiarid tropics. 
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Rotating crops for 
sustainable production 

in the Sahel 

IFDC's Impact in Africa 

FDC has supported Africa in capacity and institutional building; promoting improved effi­
ciency in fertilizer marketing; and developing research, soil management, and conserva­
tion activities that are conducive to increased food production and reduced desertification, 

preservation of the environment, and prevention of the population exodus to urban areas. 

n the past, agriculture in West}tAfrica
was sustainable because 
farmers would shift from a cul­

tivated site to an uncultivated one 
before crop yields severely declined; 
thus, fields were able to recover their 
nutrient losses under natural re­
growth. With current population 
growth rates, croplands have been 
subjected to worsening pressures
and cannot produce food on a sus­
tainable basis. 

In the Sudano-Sahelian zone of 
West Africa, continuous cropping 
of pearl millet resulted in lower 
yields across all nitrogen rates than 
when pearl millet was rotated with 
cowpea or groundnut. Further in-
vestigations on rotation between 
pearl millet and improved fallow 
of legumes (stylosanthes pachy-
carpa) gave similar results as the 
rotation with groundnut (Figure 1). 

7,000 

Cropping Systems 
M
 

6,1005) 	 G-M 

5,200,
 

a 4,300 

-g00 

3,400-	 ­

2,500
 
0 15 30 45 

Nitrogen Level (kglha) 

Note: 	 G-M = Groundnut - Millet 
IF-M = Improved Fallow - Millet 
F-M = Fallow - Millet 
M-M = Millet - Millet 

Figure 1. Effect of Nitrogen and Cropping 
Systems on Pearl Millet Grain Yield 
(Tara, Niger, 1989 to 1992 Rainy 
Season).
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Reducing acidity with small
 
doses of lime and manures
 

4| 'I he main causes of the in- 3,000 
fertility of acidic soils in
 

.1L West Africa are the alu­
minum and manganese toxicities 2,500F 
and the deficiency or unavailabil­
ity of phosphorus, calcium, mag­
nesium, and molybdenum. These 2,000 
factors can act independently or 

together and can inhibit the sur­
vival and functioning of rhizobia, 
mycorrhizie, and other soil micro- 7- 1,500 
organisms. Some investigators in 
the region have noted that the Fertilizer 
problems of low soil pH, high alu- 1,000 
minum saturation, and reduced 
yield increased with annual appli­
cation of mineral fertilizers and 500 
that the problems were alleviated 
or even prevented in treatments 
containing manure application 0 , ,- ,-, , 
(Figure 2). 1960 1965 1970 1975 1980 1985 1990 

YearsIn field studies where lime and 
phosphorus (as single superphos­
phate) were applied to sandy soils, Figure 2. Sorghum Grain Yield as Affected by 
the use of phosphate and lime in- Mineral and Organic Fertilizers Over 
creased yields significantly, but Years, 1960-90. 
there was no significant interac­
tion between phosphate and lime. 
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Global Environmental Research
 

Efficient and environmentally 
sound fertilizer use can 

prevent the degradation of 
the resource base and sustain 

high crop yields. On the 
other hand, if fertilizer is not 

managed properly and is
 
used excessively, it may
 

cause harm to the
 
environment through nitrate
 

leaching, eutrophication,
 
and greenhouse emissions.
 

However, through proper
 
timing, placement,
 

management, and soil
 
analyses, such adverse
 
effects can be reduced 4 .
> 

considerably. Because 
fertilizer use levels are still very low in many developing 

countries, there is little danger that fertilizers will have adverse 
environmental impacts in these areas. On the other hand, 

inadequate use of fertilizer may lead to further degradation of 
the resource base. IFDC's scientists are seeking to identify and 

develop technologies that will maximize potentially beneficial 
effects and minimize potentially harmful effects. 
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Greenhouse gas emissions 
from flooded rice 

Soint research between the • -4u----x 

Rockefeller Foundation and Table 4. Cumulative Meth ancd Nitrous Oxide Fluxesr 
the IFDC-IRRI Collaborative as Affected by Organic Amendment and Water 

Project was conducted to quantify Management, IRRI Farm 

greenhouse gas emissions from 
flooded rice systems. During rice Methane Nitrous Oxide 
cropping the effects of integrated Continuous Continuous 
nutrient management and drain- Treatment Flood Drained Flood Diained 

-age event were investigated. Inin- ---- (Mg C/m 2)------- (mg N/m 2) ---­
tegrated treatments of urea with 
green manure and rice straw, grain Urea 
yields in both the 1993 and 1994 93 dry season - 800 - 8.9 
dry seasons and the 1993 wet sea- 93 wet season 2,700 - 13.1 ­

son at the IRRI farm were similar 94 dry season 1,300 500 25.9 63.8 
to the yields when all nitrogen was 
supplied by urea alone or with Ammonium Sulfate 
ammonium sulfate. The mean 93 dry season - 200 - 22.9 
grain yield during the dry season 93 wet season 1,000 - 9.7 ­

was 6.0 tonnes/ha and 5.3 
tonnes/ha during the wet season. Green Manure 
Green manure and rice straw sup- 93 dry season - 7,400 - 12.1 
plied 20% and 16% of total nitro- 93 wet season 18,200 - 5.5 ­

gen during the dry season and 
33% and 27% during the wet sea- Straw 
son, respectively. However, or- 93 dry season - 16,400 - 5.7 
ganic amendment led to a 10-fold 93 wet season 29,300 - 5.9 ­

increase in methane fluxes in con- 94 dry season 27,800 15,900 2.8 16.5 
tinuously flooded and in drained 
plots (Table 4). During the fallow 
period the methane fluxes were 
considerably lower; nonetheless, oxide is about 300 times and trous oxide fluxes were evident 
the organic amendment effect methane about 15 times more during these fallow periods com­
dominated the fluxes. Straw and radiatively active than carbon di- pared with the rice cropping sea­
green manure incorporation had oxide on a mass basis. Overall, sons. The third fallow period of 
a beneficial effect in reducing the organic amendments resulted in the experiment was unusually wet 
nitrous oxide emission. The emis- increasing the "greenhouse gas with very little accumulation of 
sion of nitrous oxide from lowland effect. nitrate-nitrogen; hence, nitrous ox­
rice soils is of great concern be- ide emissions were low. Methane 
cause nitrous oxide contributes to During the fallow periods the re- emissions during the fallow periods 
the global warming effect and at- sidual effect of nitrogen sources on were significantly lower than those 
mospheric chcmistry - destruction nitrous oxide and methane emis- during the rice cropping phase 
of ozone in the stratosphere. Con- sions was monitored (Table 5). while the inverse applied to nitrous 
sidering the residence time, nitrous Moderately high, continuous ni- oxide emissions. 

26 



-1 
Table 5. 	Cumulative Methane and Nitrous Oxide Fluxes 

as Affected by Organic Amendment From 
Previous Rice Cropping Season, IRRI Farm 

Treatment 

Urea 
92-93 wet-dry fallow (46 days) 
93 drj-wet fallow (36 days) 
93-94 wet-dry fallow (89 days) 

Ammonium Sulfate 
92-93 wet-dry fallow (46 days) 
93 dry-wet fallow (36 days) 
93-94 wet-dry fallow (89 days) 

Green Manure 
92-93 wet-dry fallow (46 days) 
93 dry-wet fallow (36 days) 
93-94 wet-dry fallow (89 days) 

Straw 
92-93 wet-dry fallow (46 days) 
93 dry-wet fallow (36 days) 
93-94 wet-dry fallow (89 days) 

W_ -he 	 environmental impact 

of phosphorus fertilizer 
use continued to be of 

research interest to IFDC scientists 
in 1994. Phosphorus fertilizers 
contain various amounts of heavy 
metals including cadmium. Cad-
mium is toxic to animals and hu-
man beings, and concern has been 
expressed by environmentalists 
that long-term application of fer-

Methane 
(mg C/m 2) 

4.2 
13.6 

291.0 

6.2 
8.9 

157.4 

201.4 
19.5 

644.4 

23.0 
16.5 

178.3 

Nitrous Oxide 
(mg N/m 2) 

61.0 
171.3 

19.3 

94.3 
119.8 

16.0 

78.0 
182.7 

18.1 

103.8 
171.6 
36.1 

The previous season's nitrogen 
management continued to have 
some effect; methane emissions 
wer3 higher in the organic 
amended plots. During the wet 
fallow periods, rice soils could be 
important sources of methane. 
Overall, rice soil during the fallow 
periods is a more important source 
of nitrous oxide than the actual 
flooded rice cropping period. 
Hence, judicious management of 
soil nitrogen and residue nitrogen 
during the fallow period is crucial 
in terms of resource savings and 
capture, as well as environmental 
protection. 

Impact of phosphorus 
fertilizer use on cadmium 

in soils and plants 
tilizers containing cadmium could 

increase cadmium in soils and 
would eventually enter the food 
chain through crop uptake. 

In 1992 a multiseasonal pot trial 
was established at IFDC to moni-
tor the impact of repeated annual 
applications of normal rates of 
phosphate fertilizers including 
North Carolina phosphate rock 

containing 47 mg cadmium/kg, 

partially acidulated Togo phos­
phate rock (Togo PAPR) with 40 
mg cadmium/kg, partially acidu­
lated Morocco phosphate rock 
(Morocco PAPR) having 8 mg 
cadmium/kg and TSP, which con­
tained 7 mg cadmium/kg. Hart­
sells silt loam (pH 4.8) was fertil­
ized with incremental doses of 50 
and 100 mg phosphorus/kg soil 
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annually, and different crops vere the part of the plant that was ana- mium was added to each soil at 
grown. During the second year, lyzed. In cowpeas, cadmium was 200 micrograms/kg rate. Phos­
maize followed by cowpeas was lowest in seeds - 70 micrograms/ phorus was added to each soil in 
grown as the test crop. Soil kg in all cases except in the con- one set of soils at 200 micro­
samples collected after harvesting trol. Roots had the highest cad- grams/kg rate while another set 
the crops showed that total cad- mium in tissues (Figure 3). Total did not receive any phosphorus. 
mium as expected was highest in uptake of cadmium from soils re- Maize was grown as the test crop. 
soils fertilized with North Carolina ceiving North Carolina phosphate Cadmium concentration in plant 
phosphate rock (NCPR) followed rock and Togo PAPR was the tissues " . consistently higher in 
by that with Togo PAPR, TSP, and same. plants grown in unfertilized soil. 
Morocco PAPR. Bioavailable cad- Plants grown in soils fertilized With an increase in plant biomass, 
mium however was low - less than Wit phownhin soils cad cadmium concentration in tissues 
20 micrograms/kg in all cases. with phosphates show less cad decreased. This would suggest that 
With an increase in bioavailable mium in plant tissues than plants in phosphorus-deficient soils with 
phosphorus, biomass of maize in- grown in soils with phosphorus a high cadmium content, applica­
creased, and the concentration of stress. This is because phospho- tion of phosphate fertilizers not 
cadmium in plant tissues decreased rus stimulates biomass production, only increases yield but also re­
while total cadmium uptake and this in turn dilutes the con- duces concentration of cadmium 
increased. centration of cadmium in plant tis- in plant tissues. 

sues. To verify this contention, pot 
The concentration of cadmium trials were carried out using 18 Availability of cadmium in soils is 

in plant tissues varied with the type soils widely different in physical influenced by several factors such 
and amount of fertilizer used and and chemical characteristics. Cad- as pH, organic matter content, and 

Control 

NCPR 
Morocco PAPR 

Togo PAPR 

TSP 

1.0- ".0 	 0.5 

o0.8 	 in 0.8- Cn0.4--

U) 0.6 -	 0.6 - 0.3 ­

4- 4-	 0. 
0.4 '-- 0.4_ 	 02 

0 0.2- 0 0.2 	 0 0.1 

00 	 0 

Figure 3. 	 Cadmium Concentration (mg/kg) in Roots, Stover, and Seeds of Cowpeas Fertilized With 
Phosphate Fertilizers Containing Different Amounts of Cadmium. 
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cation exchange capacity. Green-
house studies with maize grown on 
18 soils including acidic, alkaline 
and calcareous soils treated with 
200 micrograms cadmium/kg of 
soil demonstrated that cadmium in 
plant tissue correlated well with 
exchangeable calcium and magne-
sium, the sum of bases, and clay 
content. Correlation between cad-
mium in the plant tissue and pH 
was not as good as reported in the 
literature. Likewise, the correlatior 

between the cadmium in plant and 
soil organic matter was not very 
good. 

To investigate the effect of ap-
plication of fertilizeis containing 
high cadmium in soils under dif-
ferent agroecological systems, 
collaboration was established by 
IFDC with the Asian Vegetable Re-
search and Development Center 
(AVRDC), Taiwan, as well as 
Ruakura Agricultural Research Cen­

tre, New Zealand. Experments were 
carried out at AVRDC to study the 
influence of superphosphates pro­
duced from North Carolina phos­
phate rock and Togo phosphate 
iock on cadmium uptake by veg­
etable crops. Field trials are being 
initiated in New Zealand to investi­
gate the influence of these fertiliz­
ers on cadmium uptake by pasture 
species. 

IFDC's Impact in Latin America 

I[ FDC's research and development work has important implications for the preservation of 
the environment. A good example is found in the acid soil savannas of Latin America in 
Brazil, Colombia, and Venezuela. Besides increasing crop production, a positive externality 

of our phosphate research work is that the acid savannas can be reclaimed through the use of 
phosphate rock. The alleviation of deforestation, the increase in soil fertility and organic matter, 
and the reduction of carbon dioxide emissions to the atmosphere will result. 

Phosphate rock as an
 
investment in natural
 

T_ revious investment in in-

tensified agriculture using 
- high-yielding varieties and 

fertilizer technology produced tre-
mendous increases in food produc-
tion and prevented the massive 
food deficits predicted by many 
people for Asia in the late 1960s 
and early 1970s. However, sub-
Saharan Africa continues to repre-
sent a major concern as increases 

in food production are outstripped 

by population growth while deg-
radation of natural resources pro-
ceeds at an alarming rate. In this 
region, low levels of soil fertility 
and land degradation exist and 
must be dealt with so that in-
creased agricultural production can 
be achieved. In much of sub-
Saharan Africa, phosphorus isthe 
primary nutrient that limits bio-

resource capital
 
mass production and isa key com­

ponent to solving the problems of 
low soil fertility/land degradation. 

In a study commissioned by the 
World Bank in 1994, IFDC in col­
laboration with the International 
Centre for Research in Agro­
forestry (ICRAF) identified issues 
regarding the use of phosphate rock 
as an amendment to replenish the 
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soil phosphorus in sub-Saharan 
Africa. Once the soil phosphorus 
reserves are replenished, a primary 
soil fertiiity constraint to improved 
crop production would be re-
moved, and the yearly cost to re-
store the estimated crop-induced 
phosphorus export/losses with 
small annual application of com-
mercial phosphate fertilizers could 
be recovered through yield in-
creases, thereby protecting the soil 

phosphorus reserves from 
depletion. 

Replenishment of phosphorus 
would riot only improve agricul-

tural production but would contrib-
ute to the restoration and mainte-
nance of natural resources. 
Phosphorus is essential for root 
growth, biological nitrogen fixa-
tion (BNF) by legumes, and or-
ganic matter accumulation and is 
not subject to the loss mechanisms 
other than erosion. Soil phospho-
rus is not easily recycled but rriust 
be increased primarily through the 

addition of external inputs, but 
once applied it provides residual 
value for subsequent crops. A large 
portion of the land currently 
insub-Saharan Africa isso defr-
cient in phosphorus that only small 
ce in productivity canll 
obtained through otherwise envi-
robmentallysustainedo riesnt 
ronmentally sustainable practices, 
gumes,and residue management-


Thus, these factors support the 
replenishment of soil phosphor-us 

as an investment, 

Soil phosphorus can be viewed 
as two distinct fractions, "agricul-
tural phosphate" and "capital 
phosphate" or flow resources and 
capital stock, respectively. While 
"agricultural phosphate" is that 

quantity of phosphorus available 

to plants during a single cropping 
season, capital phosphate repre-
sents the major stock resource held 
in rescrve providing long-term 
benefit through its slow recycling 
chemistry with some release to 
"agricultural phosphate" over time. 
"Agiicultural phosphate," which 
constitutes a much smaller fraction 
of total soil phosphorus as com-
pared with "capital phosphate,"
affects the annual level of crop 

yields, but ecosystem soundness is 
dependent on the maintenance 
and residual characteristics of the
capital phosphate" fraction. 

"gions 
Replenishment of "capital phos-

phate" in sub-Saharan Africa 
would help break the vicious cycle 
of nutrient capital depletion and 
soil degradation presently occur-
ring. Estimates indicate that four-
fifths of the cropland and pasture 
land in sub-Saharan Africa have 
some degree of degradation. While 
much of the degradation is attrib-
uted to erosion, an important un-
derlying factor is nutrient deple-
tion occurring within the soil 
resource base due to present agri-
cultural practices. In the past nu-
trient capital was maintained 
through the traditional practice of 
shifting cultivation involving low-
input, low-yielding agriculture. 
This strategy was satisfactory 
when population densities were 
considerably lower and when most 

people were engaged in the pro-
duction of their own food. Today, 

populations are concentrated in 
cities requiring food imports from 
the surrounding countryside while 
farmers are involved in more in-
tensive cropping practices such as 
cultivating more fragile marginal 
lands, allowing shorter and poorly 
managed fallow periods, and us-
ing little, if any, mineral or organic 

fertilizer. These practices of in­
creased cropping intensity without 
nutrient/input replenishment are 
progressively degrading the soils 
of sub-Saharan Africa. 

This process can be reversed 

proer crodngement 
practices including the judicious 
use ofmral fer es t 
cling of organic sources of plant
nutrients, BNF technologies, and 

c on havti hatt phospnohshoinlg 

region have shown that phospho­
rs replenishment can significantly
increase yields. In the semiarid re­

of West Africa, "capital 
phosphate" can be increased 
through annual additions of rela­
tively small amounts of phosphate 
fertilizers. In the humid zones 
larger quantities of phosphorus will 
be required to overcome the phos­
phorus sorption capacity of these 
soils, but once this "capital phos­
phate" fraction is satisfied, the 
potential for agricultural produc­
tivity would be greatly enhanced. 

The smallholder farmer lacks 
the financial resources required to 
replenish soil "capital phosphate." 

However, if the "capital phos­
phate" were available, the cost to 
the farmer for annual applications 
of "agricultural phosphate" to 
compensate for harvested offtake 
and provide simultaneous protec­
tion of the "capital phosphate" 
investment should be recovered 

through consequent yield increases. 

The next phase of the project 
will be to conduct an economic 
feasibility study to assess the ef­
fect of using local phosphate rock 
and related products as a capital 
investment in soil fertility restora­
tion and maintenance in selected 
countries of sub-Saharan Africa. 
Available data and information, 
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e.g., yield effects, costs of produc-
ing, marketing, distributing, and 
applying phosphate rock and re-
lated products, will be examined 
to estimate private, social and en-
vironmental costs/benefits gener-
ated from such an activity. Policy, 
institutional, infrastructural, and 
sociocultural conditions necessary 
for the success of the phosphate 
rock investment will also need to 
be identified. 

Unless the farmers of sub-
Saharan Africa are offered an al-

ternative, they have little recourse 
but to continue the practice of 
"phosphorus nutrient mining," 
which eventually leads to abandon-
ment of degraded lands, encroach-
ment on marginal lands, defores-
tation, desertification, erosion, and 
migration to urban areas. Such 
practices will only increase the al-
ready prevalent negative soil phos­
phorus balance and will exacerbate 
the spiral of resource degradation 

and poverty. Establishment of any 
sustainable agricultural production 

systems wii be precluded due to 
the process of liquidation of the 
soil natural capital stock because 
farmers of the present generation 
have no alternative other than to 
"consume" soil natural capital 
stock at the expense of the envi­
ronment and welfare of future 
generations. 
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Management
 
Information Systems
 

Management information systems are valuable tools that can 
help decisionmakers in planning and evaluating agronomic 
practices to create sustainable agricultural development. In 

Eastern Europe, Asia, Africa, and Latin America, during 1994 
IFDC's researchers continued to work on projects to implement 

information systems and decision support systems to support 
agricultural development activities. Working in collaboration 

with national and international agricultural institutions, IFDC's 
systems modeling scientists develop crop and nutrient models, 

which are then linked with socioeconomic models, expert 
systems, and geographic information systems. 
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Area and 
socioeconomic surveys 

of agricultural 
production in Albania 

Survey Purpose nomic and agricultural indicators oriented farm units; and the pro­
uring 1994 IFDC con- for determining production bottle- motion of agricultural enterprises 
ducted socioeconomic necks, evaluating farming condi- are requiring updated information 
and crop area surveys in tions, and appr-iising agricultural on farm production, constraints, 

Albania. The main objective was production through the use of fer- and the use of resources. Reliable 
to support and assist Albania's de- tilizers and other inputs; (2) devel- information will be required for a 
velopment of viable agricultural opment of an area sampling frame sustainable exploitation of land 
production strategies and to help to monitor agricultural land use and environmental conservation. 
promote and enhance a free- and forecast production of crops. Surveys were designed to explore 
market agricultural sector. The sur- The system constitutes a frame- the means by which such data can 
veys provided the Ministry of Ag- work to support studies for about be provided and used for training 
riculture and Food (MOAF) and the 500,000 private farmers and purposes. 
private sector with factual informa- speed the process for the genera- The surveys contain data that 
tion on the socioeconomic char- tion of national agricultural statis- characterize land use area, the 
acteristics of rural families, farm- tics; (3) provision of a basis for the farm, the farmer, the family, re­
ing practices, production, and use management of agricultural infor- source endowments, crop and 

of agricultural inputs during the mation systems by designing and farming systems, prices and costs, 
1993/94 cropping season. The establishing attribute and geo- income, constraints in production, 
surveys were conducted in collabo- graphical databases linking infor- and resource use. A survey system 
ration with officers of the Direc- mation on crop area, production has been structured to be easily up­
torate of Statistics of the MOAF and socioeconomic data to facili- dated and managed. The sampling 
located in 25 of the 36 districts in tate the monitoring and develop- frame supporting this system is 
the country. In the socioeconomic ment of agricultural programs; and composed of permanent identifi­
survey 649 farm households were (4)development of national capac- able agricultural regions and sam­
interviewed, and 4,000 farmers ity by training government offic- pling units composed of farms. A 
were randomly selected across the ers on the fundamentals of struc- particular characteristic of the ag­
country for the crop area survey. turing information and use of ricultural regions is that they are 

sampling techniques to carry out pieces of land with similar topog-
The information collected dur- surveys, data collection, analysis, raphy that include multiple farm­

ing the surveys contributed to ac- and reporting. ing activities. 
tivities initiated by IFDC in 1992, 
which were conducive to the es- Stratification by agricultural re­
tablishment of a national agricul- Survey Information gions and primary sampling units 
tural information system, a high Albania's transition to a market permitted better characterization 
priority in the country. Important economy; the privatization re- of farm management activities, 
outcomes from these activities in- forms and land distribution; the production systems, resource use, 
dude: (1) provision of socioeco- formation of small-scale, family- and evaluation of farm inputs and 
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outputs. The institutional support of the total variable costs of farm ing to these needs, and the survey 
and social characteristics of farms production. Demand for fertilizer systems implemented represent an 
have also been included and have is increasing, and the ability of the important initiative in this re­
been associated with the physical country to supply this increasing sponse. There is growing recog­
and economic features of regions demand is limited. The ratio be- nition of the need to support farm­
and farms, thus characterizing tween production and apparent ers, private farmer organizations, 
areas for future development demand is about 0.21, which is and research and extension work­
interventions, lower than that in many develop- ers in the field both by contribut­

ing countries. The actual con- ing to the general information 
With the land reforms, the prn- sumption of mineral fertilizers environment in which they work 

cipal feature of the agriculturalsec- amounts to 46,239 tonnes, cov- (farming, traders, business) and, 
tor is the scarcity of agricultural ering only 30% of the total arable more directly, by providing them 
land (662,244 ha or 23% of total land. The apparent demand to fer- with support material, and updat­
land). This structural problem has tilize at least 80% of the arable land ing their own technical expertise 
been aggravated by a number of amounts to 185,000 tonnes of and knowledge. With the current 
constraints, principally those con-
 mineral fertilizers. A scenario, in- social and economic transforma­
cerned with agricultural produc- cluding estimates of actual crop tions occurring in Albania and thehave been identified and moni- productivity and its association decline of the centralized system, 

with the actual fertilizer use by there will be much greater scope
tored inthe surveys.They are prin- agricultural regions, is presented to use information technology andcipally associated with the use and in Figure 4. coordinate services with the gov­availability of resources such as ir­
rigation, mechanization, labor, In summary, reforms in Albania nenand the aadeibs­
credit, fertilizers, and seeds. Par- have created broad areas of infor- nend finania ndel 
ticularly, in the case of fertilizers, mation requirements. The MOAF 
this input constitutes about 20% Directorate of Statistics is respond­
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Figure 4. Crop Yields and Fertilizer Use in Albania. 
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he 	liberalization of state 
lond the distribution T of land for private culti­

vation, and the establishment of 
private sector dealers for agricul­
tural inputs are leading to the cre-
ation of a dynamic agricultural sys­
tem in Albania. Old ways of 
generating and providing informa­
tion, which were once controlled 
completely by the state, are being 
supplanted by a quantitative sys­
tems approach to deriving rec­
ommendations and options for 
growers, input dealers, and policy­
makers. This approach is being 
implemented in Albania by train­
ing researchers, teachers, busi­
nessmen, and policymakers in the 
use of simulation and Geographic 
Information System (GIS)tools. As 
part of this approach, the value of 
old experimental data is being ex­
tended by using them to calibrate 
and test crop growf'l models, new 
experiments are being conducted 
to train researchers in the field
generation of data needed forsimulation models, and weather 

and soil databases are being as-
embled into a GIS. The ultimate 

goal of this effort is the creation 
of a comprehensive management 
information system that will allow 
the effective analysis of issues in 
Albania related to agricultural pro­
duction, resource allocation, risk, 
use. 

During the past year, several ac-
tivities have brought IFDC closer 
to fulfilling this goal. In collabora-
tion with the Albanian Land Re-
sources Institute and the World Soil 
Resources Division of the Natural 
Resources Conservation Service, 
U.S. Department of Agriculture 
(USDA), IFDC scientists con-
structed a soils map for Albania 
on a scale of 1:200,000 based on 

A systems approach to 
restructuring agriculture 

in Albania 

Dr. Milto Hyso (left), former Director of the AgriculturalResearch Institute in Lushnja, Albania, and Ms. PranveraBekteshi, Meteorologist, Hydrometeorological Institute, 
Tirana, Albania, inspect an IFDC validation experiment 
for CERES wheat, which is designed to determine the 
esponse to increasing rates of nitrogen fertilizer. 

r 

the USDA Soil Taxonomy (Figure 

5). The extent of each of the prin-cipal soil orders is given in Table 
6. Construction of the soils map 
was made possible following the 
field assessment and laboratory 
analysis of soil profiles from sev-
eral benchmark sites. Although 
this initial soil survey has provided 
critical input for the crop models, 
it represents only a first approxi-
mation of the soil resources in Al-
bania. Further sampling and the 
derivation of maps that define 

smaller areas are planned to ob­

tain a more accurate accounting
of soil variability. 

Field experiments were carried 
out to test the accuracy of winter 
wheat and maize models in pre­
dicting yield response to nitrogen 
fertilizer. These experiments were 
conducted by Albanian scientists 
at the Agricultural University of 
Tirana and the Agricultural Re­
search Institute in Lushnja. The ex­
periments have proven valuable 
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Figure 5. Soils Map for Albania (scale: 1:200,000). 

for training Albanian professionals in the use of crop models, their 
data requirements, field generation of these data, and crop model 
application, Univesity 

A training program was conducted at the Agricultural University 

of Tirana to introduce 23 Albanian professionals to systems analysis 

using crop simulation models. Two instructors from IFDC were 
assisted by four Albanian scientists who had previously received 
training in the use of crop models at IFDC Headquarters and the 
University of Florida. The participants in the training program 
came from several institutions, including the Agricultural Univer-
sity of Tirana, the Agricultural University of Korca, the Agricul-
tural Research Institute in Lushnja, the Vegetable and Potato Re-
search Institute in Tirana, the Institute for Soil Studies, the 
Hydrometeorology Institute, the Albanian Fertilizer and Agricul-
tural Inputs Dealers Association (AFADA), and IFDC-Albania. The 
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rTable 6. 	Extent of Major Soil
 
Orders (USDA Soil
 
Taxonomy) in Albania
 

Soil Order Total Area 
(ha) 

Histosols 	 3,978 

Vertisols 	 58,542 
Entisols 	 162,613 
Mollisols 	 206,402 
Alfisols 492,078
 
Inceptisols 995,951
 

with shallow

Inceptisols 716,838 

Rock with 	shallow 
Entisols 	 95,219 

Rock outcrops 50,769 
Salt pans 	 4,056 
Inland water 41,536 

training program consisted of a com­
bination of lectures and hands-on com­
puting activities. After a basic introduc­
tion to computers, participants were 
taught how to (1) input, organize, and 
store data on crops, soils, and weather; 
(2) retrieve, analyze, and display data; 

validate and calibrate crop growth 
models; (4)evaluate different manage­
ment practices and genotypes at a 

given site; and (5) evaluate risk associ­
ated with weather variability. Partici­
pants in the training program have 
formed an informal network of collabo­
rators that will support the development 
of management information systems to
be used in policymaking, research, ex­
tension, and agribusiness activities. 

This training course was designed to 
be the first of a number of in-country 
training activities that will support the 
Ministry of Agriculture's future plans 
for the development and application of 
management information systems. The 
institutionalizing of data collection tech­
niques and the management of infor­
mation are of great importance to the 
future of Albanian agriculture. 



redicting crop yields is in­
herently problematic be- A famine ear warning 
cause of the amount of 

uncertainty that prevails in any system for Burkina Faso 
agricultural system. Yield forecast­
ing is thus not concerned with a
 
given endpoint but rather with a BURKINA FASO
 
distribution ,f outcomes. In Humid Months
 
conjunction with the U.S. Agency E or..
 
for International Development 0J 1to 2
 

(USAID) Famine Early Warning Ll 2 to 3
 

System (FEWS) project and the gr eaIter 0
 
Earth Resources Observation Sys- * wcirte
 
tems (EROS) Data Center, South s
 
Dakota, (U.S.A.), IFDC's systems
 
scientists developed in1994 a pro­
totype system linking the CERES- 'o
 
Millet model with a GIS to make
 
real-time projections for millet
 
yields in Burkina Faso. The goal
 
of the project is the development
 
of a real-time yield forecasting sys­
tem that will predict at the earliest --- o ,S 
possible time during the course of ,, ,,f0,.,,o " " 2 

a growing season any significant 
deviation in long-term mean mil- Figure 6. Map of Burkina Faso Showing the Major Agroclimatic 
let yields so that appropriate ac- Zones and the Location of the Weather Stations Used in 
tion can be taken. In a deficit the Study. 
situation, foodstuffs could be im­
ported to alleviate shortages; in a 
surplus, plans for export or stock- latitude-longitude grid. Decadal ing decrease in the deviation of 
piling of grains could be initiated. (every ten days) satellite data im- projected outcomes. The results of 

The prototype FEWS system for ages of cold cloud duration are the simulations can be expressed
Burkin proo lin stem available from the Climate Analy- percentage deviation fromERS as aBurkina Faso links the CERES- sis Center of the National Oceanic long-term mean production in 

Millet model with soil and weather and Atmospheric Administration each district. 
databases. Spatial and climatic re- (NOAA), which produces decadal 
sources are interfaced through the rainfall estimates using computing Although the prototype system 
GIS package, IDRISI. Soil re- algorithms developed at Reading is functional, only limited testing 
sources were determined from the University in the United Kingdom. has been done. The two major 
Agricultura! Soil Suitability Map of Real-time rainfall estimates derived areas of validation that need to be 
Burkina Faro by the Office de la from cold cloud duration can then addressed are: 
Recherche Scientifique et Tech- be combined with simulated 
nique de Outre-Mer (ORSTOM) at weather to derive a series of out- 1.Ground truth validation of rain­
a scale of 1:500,000. Historical comes for the millet-growing sea- fall estimates from the decadal 
rainfall data for 231 sites (with at son. As more and more real satellite data; 
least 14 years of data) were avail- weather becomes available and 
able, and parameters for generat- less probabilistically generated 2. Millet model calibration and 
ing simulated weather were weather is used, millet production validation using historical data 
constructed (Figure 6). All coeffi- on a district basis can be estimated for yield comparisons with gov­
cients were interpolated to a 0.250 progressively with a correspond- ernment statistics. 
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-------------------- 
To illustrate the way in which a 

yield distribution can be modified 
through a growing season, some 
simulations were carried out using 
CERES-Millet in Dori in northern 
Burkina Faso (average annual rain-
fall 470 mm). For all simulations, 
millet was assumed to be planted 
on day 160 (9 June); in this envi-
ronment the crop can mature in° 
about 100 days. Decadal totals 

were calculated for 1986 and 
1990 from the historical rainfall 
records for Dori. For each year, 
the millet model was then run at 
10-day intervals; these wuuld cor-
respond to "forecast" dates in the 
situation where the model was be­
ing run through the current grow-
ing season. Up to the day of fore-
cast, decadal totals were used in

daota. wre 
was 

lieufalieu ofdesatelliteite data. From the daysdayiof 

of forecast onward, rainfall 

simulated probabilistically until the 
end of the growing season. The 
results of simulations replicated 20 
times for each of the 11 forecast 
dates are shown in Figure 7 for 
two contrasting years, 1986 and 
1990. Yields are expressed rela-
tive to the mean of the yield dis-
tribution obtained when all the 
weather is generated probabil-
istically, corresponding to the pre-
season expectation of yield (i.e., 
when nothing is known about the 
current season). As the forecast 
date progressed, the mean simu-
lated millet yield decreased in 
1986 but increased in 1990 while 
the standard deviations of the yield 
distributions decreased in both 
years as the amount of probabil-
istic weather in the simulations 
decreased. 

Rainfall at Donr in 1986 was
67% of the long-term average. In 

Seno, the district in which Dori is 
situated, the observed average 

district-wide yield of millet in 1986 
was 237 kg/ha, compared with a 
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Figure 7. Simulated Millet Yield Distributions for Conditions in 
Dori, Burkina Faso, Derived at Various Forecast Dates 
Using Historical Decadal Rainfall Totals Up to the Day 

Forecast Probabilistic Weather Data Thereafter;1986 (-) andand 1990 (., • ) 

long-term average from 1984 to 
1992 of 352 kg/ha. The 1986 
yield was thus only 67% of nor-
mal. The simulated yield deviation 
from normal agrees well with this 
value - final average yield at Dori 
was simulated to be about 70% of 
normal in 1986. From Figure 7, 
by the fourth forecast date (day 
192), the forecast average devia-
tion was already at the 60% level, 
giving early indications that the 
season was likely to be poor. This 
was indeed the case in 1986. In 
1990, by contrast, rainfall was 
more plentiful although still less 
than average. The district average 
yield was 29% above the long-
term average however (454 kg/ 
ha). By day 213, the mean simu-
lated millet yield was 20% above
the average, giving a reasonably
eryidcto httesao 
early indication that the season 
was going to be better than average. 

The good agreement between 
simulated and observed yields for 
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1986 and 1990 in Dori and Seno 
Province is probably accidental. 
However, even if reasonably ac­
curate indications of final yield 
could be given 4 to 6 weeks be­
fore crop maturity, this would still 
afford policymakers time to plan 
if catastrophic crop failure ap­
peared possible. The inputs for 
driving the model are readily avail­
able electronically, the system is 
readily expandable to all at-risk 
areas, and the low-cost system 
runs on personal computers. The 
system could easily be made avail­
able to district government offic­
ers and policy analysts. IFDC plans 
to develop the prototype further 
in 1995 in conjunction with the 
new FEWS-3 project and the 
EROS Data Center and to initiate
extensive testing. 



Commercial/industrial 
information services 

IFDC's Impact in Asia 

The Malaysian Example 

FDC assisted in the construction of a Malaysian fertilizer 
company by coordinating with engineering firms and pro-

i l. helped the corn-
paviding long-term startup assistance. IFDC t hcom-
pany realize a saving of about 30% on construction costs by 
assisting in managing the entire project and using local resources 
for all major equipment fabrication. IFDC staff also provided 
assistance in optimizing plant performance and product quality,

jIn 1994 IFDC contracted with 
The Fertilizer Institute (TFI) to 
compile and publish a num-

ber of statistical reports on the 
North American fertilizer industry, 
These reports were formerly pre-
pared by the Tennessee Valley 
Authority (TVA). A number of re-
ports were prepared for TFI in 

1994. These include the monthly 
Fertilizer Record, which is re-
leased each month and includes in-
formation on current production, 
stocks, and disappearance by 
product during the previous 
FinancialReport and the Quar-
Finanal Port and thepQuar-
terly Potash Financial Report 
provide quarterly statistics relating 
tothe company's finances. Anop-
erating rates report is completed 
twice a year. IFDC has also com-
pleted the (1)Annual Production 
Cost Survey that provides the cost 
of production for a number of 
products, including ammonia, 
phosphate rock, sulfuric acid, 
phosphoric acid, DAP, mono-
ammonium phosphate (MAP), 
TSP and (2) the annual Fertilizer 
FinancialFacts providing annual 

. 
financial information that can be 
compared with results for the pre-
vious year. An annual "fertilizer 
record" is also prepared which, in 
addition to the data collected in the 
Monthly Record, includes statis-
tics by product on the imports and 
exports by month for the United 
States and Canada. Revisions in 

the monthly data are incorporated 
before the annual data are 
published. 

During 1994 IFDC began pre-
paring the North American Fer-
tilizer Capacityreport, which was 
formerly produced by TVA. IFDC 
published updated versions of this 
report three times during 1994. 
Data on Mexico were added dur-
ing 1994, and information on 
Trinidad will be added in 1995. An 
IFDC working group meets 
monthly to review changes that 
have taken place in capacity dur-
ing the p,evious month. 

At the request of TFI, IFDC pre-
pared an environmental emissions 
study for nitrogen and phosphate 
plants in North America, which 
summarized various reports that 
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have been prepared and submit­
ted to the Environmental Protec­
tion Agency (EPA) since 1987. 
During 1994 IFDC also partici­
pated in two fertilizer price and 
consumption surveys, in which re­
spondents estimated changes ex­
pected in fertilizer prices during the 
first half of 1995. Respondents
also estimated changes in con­
sumption that were expected dur­
ing 1994 compared with 1993 
and the major factors expected to 
influence prices and consumption. 
Respondents were also asked to 
provide current farm-level fertilizer 
and crop prices. Approximately 50 
companies from 35 countries par­
ticipated in this survey. IFDC is 
also cooperating in a joint report 
on FertilizerUse By Crop, which 
ispublished every two years by the 
International Fertilizer Industry 
Agriculture Organization of the 
United Nations (FAG), and IFDC. 
Updated information in 1994 was 

received from about 50 countries; 
thus, about 100 countries are now 
reporting on rates of fertilizer ap­
plication by crop. A report was 
published in late 1992, and a new 
report was produced in late 1994. 
IFDC publishes a number of other 
reports that provide statistical in­
formation on fertilizer, including
the "Asia Fertilizer Situation," 
"Africa Fertilizer Situation," "Latin 
America Fertilizer Situation," and 
"Eastern Europe Fertilizer Situa­
tion." These reports contain a 
number of graphs and tables that 
depict the trends occurring in 
those regions of the world and in­
dividual supply/demand summa­
ries by country. 



Global Fertilizer Policy Research
 

Efficient, equitable, and 
environmentally friendly 
use of fertilizers depends 

on a three-pronged " 
strategy based on sound 

agronomic practices, 
appropriate fertilizer 

products, and an 
enabling policy 

environment. In many 
developing countries, 

distorted and unstable 
"< 

.­
policies have created a 

nonconducive 
-

" 
.. 

environment for the 
adoption of agricultural 
technologies and have 

therefore prevented these 
countries from becoming food secure. Technology and 
policy are two indispensable legs needed for a march 
towards sustainable food security and environmental 

protection. Developing one without the other can only 
result in suboptimal developments. Consequently, IFDC is 

constantly involved in pursuing policy research. 
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ecent changes in Eastern 
Europe and the former 

_ .Soviet Union have 
brought on uncertainty in the ag­
ricultural and fertilizer sectors. In 
addition, the world is facing many 
other challenges such as sustain-
able development, environmental 
protection, food security, and glo­
bal warming. All of these devel­
opments affect fertilizer sector op­
erations directly and indirectly. 

The United Nations population 
projections indicate that world 

biultion i 3to6iin fo in t 
billion in1993 to 6.3 billion in themar-


Global fertilizer 
perspective, 1980-2000 

ited cultivable land. Second, they 

help to replenish nutrients re-
moved by crops and therefore pre-
vent soil degradation and preserve 

the resource base. 

year 2000, 8.5 billion in 2025, 
and 10.0 billion in 2050. Over 
95% of the growth in world popu-
lation between 1990 and 2050 
will occur in Africa, Latin America, 
and Asia, where nearly 1 billion 
people already suffer from pov-
erty, hunger, and malnutrition. 
Such unprecedented growth in 
population mandates that food 
production be increased to feed an 
additional 3 billion people ­
equivalent to the 1960 world 
population - by 2025 and a little 
less than 5 billion people by 2050. 
In addition, a recent United Na-
tions study estimated that about 
10.5% of the planet's most pro-
ductive soil (1.2 billion ha), an area 
the size of China and India com-
bined, has been damaged. Over 
three-fourths of that degradation 
has occurred in the developing 
countries. Thus, the challenge of 
feeding the growing population 
must be met by restoring the de-
graded soils and preserving the 
resource base. In meeting both of 
these challenges, fertilizers have an 
important role for two reasons. 
First, they facilitate the adoption 
of yield-increasing technologies 
and thereby promote sustainable 
growth of food production on lim-

Against this background, IFDC 
completed a study, entitled Glo-
bal FertilizerPerspective, 1980-
2000: The Challenges in Struc-
tural Transformation.The study 
analyzes the trends in fertilizer use, 
production, and trade during the 
1979/80 to 1992/93 period and 
provides projections for fertilizer 
demand, supply, and supply/ 
demand balances during the 
1993/94 to 2000 period. It also 
assesses the impact of the pro-
jected growth in fertilizer use on 
food security and environmental 
protection and makes necessary rec-
ommendations to meet these chal-
lenges in the 1990s and beyond. 

Fertilizer Trends 
Global fertilizer use increased 

from 112.5 million tonnes in 
1979/80 to 145.6 million tonnes 
in 1988/89. After 1988/89 it de-
creased continuously to reach 
125.9 million tonnes in 1992/93 
(Figure 8). Most of the decrease 
in global fertilizer use between 
1988/89 and 1992/93 was due 
to a steep decline in fertilizer use 
in the reforming markets. Changes 
introduced under economic and 
political reforms have led to the 
collapse of the fertilizer markets in 

these regions. Fertilizer use also 

decreased steadily in the developed 
markets but increased significantly
in the developing markets. West­

ern Europe contributed most to 

kets, Eurasia (newly independent 
states of the former Soviet Uniov)
 
se the formerSoiet nios)in the reforming markets, and Asia 
in the developing markets. In ad­
dillon to economic and political 
reforms, structural adjustment 
programs, foreign exchange 
shortages, depressed crop prices, 
environmental concerns, and 
agronomic factors contributed to 
recent decreases in fertilizer use. 

Following the trends in fertilizer 
use, global fertilizer producion 
increased from 118.7 million 
tonnes in 1979/80 to 158.3 mil­
decreased by 20 million tonnes to 
reach 138.3 million tonnes in 

1992/93. The decline in produc­
tion in the reforming markets was 
a major contributing factor to the 
fall in global fertilizer production. 
Decreased demand, unremunera­
tive and low fertilizer prices, and 
environmental regulations also 
adversely affected fertilizer produc­
tion. Only North Amerca, Afrca, 
and Asia recorded growth in fer­
tilizer production during the early 
1990s. 

Global fertilizer imports in­
creased by 4%/year during the 
1980-89 period but stagnated 
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Figure 8. Global Fertilizer Use by Markets, 1979/80 - 1992/93. 

'he,-eafter. Both the developed and unremunerative levels in the glo- der Scenario II a slightly higher 
ti te i eforming markets remained bal market. Nevertheless, due to growth in fertilizer demand is pro­
net exoorters; whereas, the devel- devaluation and subsidy removal, jected for Eastern Europe and 
op.nri markets were net importers. fertilizer prices in domestic mar- Eurasia. Only under Scenario IIwill 
In the developing markets, net fer- kets increased severalfold in many global fertilizer use be marginally 
tilizer imports increased from 10.5 developing countries. higher than it was in 1988/89. 
million tonnes in 1979/80 to 17.0 Thus, global fertilizer use is ex­
million tonnes in 1992/93. Only pected to have a "roller coaster" 
North Africa and West Asia were Future Outlook ride in the 1990s. Nitrogen, phos­
net exporters; all other develop- Global fertilizer use is projected phate, and potash use is projected 
ing regions were net importers. to increase from 125.9 million to increase from 73.6, 31.5, and 

tonnes in 1992/93 to 142.6 mil- 20.8 million tonnes, respectively, 
Slow growth in demand and lion tonnes under Scenario I and in 1992/93 to 81.3, 37.3, and 

excessive surpluses have kept fer- 147.3 million tonnes under 23.9 million tonnes under Scenario 
tilizer prices rather low and at Scenario IIin the year 2000. Un- I and 83.2, 38.9, and 25.2 million 
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tonnes under Scenario II in the 8 
year 2000. A gradual decline in 
fertilizer use in the developed mar- 6 Scenario I 
kets and a slow recovery in the re-

Scenario 11forming markets are responsible 0 4 
for little growth in global fertilizer C 

use during the 1990s. However, 1 
-0
fertilizer use in the developing mar-

kets is expected to increase by 0 
about 14 million tonnes. Asia will 
account for 74% of the increase Scenario IV 
in fertilizer use in these markets. 

Ammonia, phosphoric acid, and 1993/94 1995/96 1997/98 2000 
potash production capacities are 
expected to increase from 116.8, 
36.5, and 36.7 million tonnes, re- ­

spectively, in 1992/93 to 127.9, 
40.4, and 39.2 million tonnes, re- Phosphate 

spectively, in 2000. Excessive sur­
pluses and depressed prices are re­
sponsible for modest increases in Scenario.I 

-
acid and potash ca-phosphoric 
pacities. Two scenarios are also C Scenario 11 
developed for estimating fertilizer 
supply potential. One scenario 2I 
assumes moderate operating rates 
and the other low operating rates 
for Eastern Europe and Eurasia. 
The main rationale for the second 0 
scenario is that a relatively higher 
closure of capacity may occur be­
cause of low demand and finan­
cial difficulties and therefore a 8 
lower supply may be available in 7 Potash 

the future. 

Nitrogen supply potential ispro- 6 
jected to increase from 79.4 mil- C , 111"o. S Cev--na, 
lion tonnes of nitrogen in 1992/ 12 4 
93 to 86.7 million tonnes of ni­
trogen under Scenario I and 81.3 --3 
million tonnes of nitrogen under 2 
Scenario IIin the year 2000. Phos- Scenario IV 
phate and potash potentials are 
expected to increase by modest 0 
amounts under Scenario I, 1993/94 1995/96 1997/98 2000 
whereas under Scenario II,potash 
supply may decrease ,about 1 Figure 9. World: Fertilizer Supply-Demand Balances, 
million tonnes in the year 2000. 1993/94 - 2000. 
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Because of slow growth in demand and existing Policy Recommendations 
surpluses in the markets, the projected supply/ 
demand balances show considerable surpluses for all In order to meet the challenges of feeding the grow­
three nutrients. Two scenarios each for demand and ing population and preserving the natural resource 
supply projections yield four scenarios for estimat- base, fertilizer use should be promoted in those coun­
ing supply/demand balances. Scenarios I and II com- tries where fertilizer use levels are low and food in­
bine moderate operating rates with low and moder- security and environmental degradation are serious 
ate growth in fertilizer demand, whereas Scenarios problems. However, growth in fertilizer use should be 
III and IV embody low op- efficient, equitable, and 
erating rates with low environmentally sound. 
and moderate growth in Table 7. Food Production and Fertilizer 
demand. These surpluses Use in the Developing Markets, The evidence from 

will range between 4 and 1990-2000 several developing and 
7 million tonnes of nutri- reforming countries sug­
ents under Scenario I Projected growth in fertilizer gests that a conducive and 

(Figure 9). Under Sce- use 19.5 million tonnes stable policy environment 
1and1, the mag-

nitudes of these surpluses 
Additional grain productiona
Additional number of personslikely to be fed by additional 

136.8 million tonnes is essential to promote ef­
ficient, equitable, and en­vironmentally sound fertil­

are reduced considerably grain productionb 456 million izer use and production; 
for phosphate and pot- Population growthc 915 million policymakers should 
ash and become insignifi- Additional food-insecure therefore pay special at­
cant for nitrogen after 
1996/97; only under 

peopled 459 million 
a. Assuming that 70% of the projected growth in 

tefo rea sctention to creating such 
environments. Depend-

Scenario IV will nitrogen fertilizer use will be applied to grain crops and each ing on the initial condi­
shortages develop after additional tonne of fertilizer nutrient yields 10 addi- tions and the degree of 
1995/96. However, it is tional tonnes of grain output. 
unlikely that this scenario 
will materialize. Thus, fer-

b. Based on the assumption that 300 kg of grain is 
needed to provide adequate nutrition to one person/ 

government involve­
ment, the simultaneous 

tilizer shortages are un- year. introduction of some 
likely to constrain fertil- c. U.N. population projections. policies, such as devalu­
izer use in the 1990s. d. Additional people receiving inadequate food supply. ation, subsidy removal, 

and the sudden with-

Food Security 
drawal of government 
from the fertilizer sector 

In the developing markets, food security is a operations, can lead to the collapse of the fertilizer 
chronic problem. Nearly 1 billion people live under markets. Proper sequencing and phasing of policy 
the conditions of hunger and malnutrition. The pro- reforms are essential. 
jected growth in fertilizer use in these markets is in­
adequate to meet the challenges of feeding the grow- Because most of the fertilizer surpluses are con­
ing population (Table 7). Unless new programs and centrated in the developed and reforming markets, 
policies are implemented to accelerate grain pro- the developing markets should prepare optimal strat­
duction through efficient and environmentally sound egies to benefit from such favorable conditions and 
fertilizer use and other related measures, the world yet protect against the uncertainty associated with 
may face more hunger and malnutrition and envi- conditions in the reforming markets. 
ronmental degradation at the turn of the century 
than it is facing now. 
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Policy Reform, Market Research
 
and Development in West Africa
 

In sub-Saharan Africa IFDC continues to emphasize the 
importance of implementing policies that encourage 

increased fertilizer use. Toward this end, IFDC works in 
concert with national institutions to develop cost-effective 
fertilizer marketing strategies by collecting, analyzing, and 
disseminating data on fertilizer production, marketing, and 

use; by conducting detailed studies of the fertilizer sectors of 
individual countries; and by collecting economic, agronomic, 
and technological data, which isentered into a database that 

isavailable to West African countries. 
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A fertilizer privatization 
plan for Ghana 

ity to conduct such sector studies 
and ensured that the recommen­
dations and conclusions include 
the opinions of national experts. 
Secondly, a fertilizer marketing 
advisory committee, which was 
formed to monitor the study's 
progress, allowed the exchange of 
ideas between all those involved 
in the fertilizer privatization scheme. 

The Government phased out 
fertilizer subsidies from about 45% 
in the mid-1980s to 0% in 1992. 
Fertilizer importation and distribu­

S...tion functions by the state were 
.
 
.
 

The future of Africa rests in the hands) 

of children like these from Ghana. 

he Government of Ghana 
requested IFDC-Africa to 
conduct a study to find 

ways to reduce farmers' fertilizer 
costs, which increased sharply fol-
lowing adoption of privatization 
measures. Obviously an increase 
in fertilizer prices relative to crop 
prices discourages farmers to use 
more fertilizers and jeopardizes 

privatization of the fertilizer sec-
tor. The study identified various 
options, which are aimed at reduc-
ing the cost of fertilizers, increasing 
returns to farmers from fertilizer use, 
and increasing consumption of fer-
tilizers by Ghanaian farmers. 

The study was jointly under-
taken by IFDC-Africa and the 
Policy Planning, Monitoring and 
Evaluation Department of the 
Ministry of Food and Agriculture. 
The study enlisted the services of 
local consultants and established 
a fertililer marketing advisory 
committee to n-nitor progress of 
the study. 

Representatives o tive private 
fertilizer sector, the Mrnist,i of 
Food and Agriculture, ,rd the 
University of Ghana worked as 
local consultants on the suJy. Thq 
participation of local consultants 
strengthened the national capac-

transferred to the private sector in 
1988. In 1994 one private im­
porter acquired the lion's share of
the market.uig19-4friie 

During 1992-94 fertilizer im­

port prices increased threefold. 
After the removal of subsidies, the 
impact of persistent devaluations 
was fully charged to farmers. In 
1994, fertilizer retail prices 
amounted to Cedis 17,500/50-kg 
bag of 20-20-0; whereas, a 50­
kg bag of maize was valued at only 
Cedis 6,000 on the wholesale 
market. At these prices, farmers 
are not compensated for the costs 
of fertilizers, nor are they
compensated for extra work and 
risks associated with fertilizer use. 
As a result, farmers' demand for 
,ertilizers decreased from about 
40,000 product tonnes in the late­
1980s to 11,600 tonnes in 1994, 
and fertilizer traders are currently 
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having difficulties recovering their 
capital that is committed to fertil-
izer trade. 

Analysis of fertilizer marketing 
costs and margins revealed that 
import costs are the most impor-
tant determinant of fertilizer costs, 
estimated at 57% in 1993; the 
more probable figure for 1994 is 
60%-70%. Fertilizer import costs 
are especially high because im-
porters procure small quantities of 
relatively expensive fertilizer prod-
ucts from a restricted number ofsuppliers overseas. A Govern­
ment-prepared fertilizer import 
list, which provided explicit prod-
uct and quality guidelines to fertil-
izer importers, has proved to be a 
restriction on the development of 
a competitive fertilizer market in 

Ghana. 

Basal fertilizers on the Ghana-
ian fertilizer market are nitro-
phosphates (nitric acid-based 
NPKs), which are conventional 
fertilizers in Western Europe but 
not in the rest of the world. Gha-
naian farmers primarily use am-
monium sulfate (AS) as a top-
dressing material. This is a very 
expensive source of nitrogen, and 
it has an immediate acidifying ef-
fect, especially on poorly buffered 
soils. 

In terms of fertilizer nutrients, 
compound fertilizers (NPKs) im-
ported into Ghana were twice as 
expensive as DAP imported into 
neighboring C6te d'Ivoire. DAP 
can be used directly in agriculture 
(rainfed and irrigated foodcrops) 
or mixed with other ingredients, 
such as urea, AS, and muriate of 
potash to produce a blended fer-
tilizer. Abidjan, capital of C6te 
d'lvoire, has a blending facility and 
benefits from economies of scale 

for bulk transport and competitive 
procurement of blending ingredi-
ents, including DAP. 

In recent years, the Ghana cot-
ton sector has been growing 
steadily. Some believe that the 
cotton area could double in the 
next 10 years if ginning capacity 
is increased. The Ghanaian cot-

ton sector primarily uses NPKs 
and AS; whereas, francophone 
Africa uses a compound enriched 
with sulfur and borax, with urea 
as topdressing material. 

The costs of cotton fertilizers 
can be significantly reduced if 
Ghanaian importers jointly pro-
cure fertilizers with Socit6 
Burkinabe des Fibres et Textiles 
(SOFITEX), a cotton organization 

in Burkina Faso. SOFITEX is will-
ing to increase its requirements of 
the cotton fertilizer if a Ghanaian 
importer will join in the tender, 
which is certain to result in price 
discounts. The tender could stipu-
late quotation, c.i.f., Tema or, 
c.i.f., Abidjan for destinations in 
northern Ghana and Burkina 
Faso. Joint importation can only 
be an alternative if the Govern- 
ment allows a nitrate-free product 
and blends. SOFITEX does not 
recommend nitrate nitrogen and 
requests all nitrogen inthe ammo-
nia form. Burkina Faso farmers 
have accepted the more cost-
effective blended form of the cot- 
ton fertilizer. 

Following import costs, finan-
cial charges are the second high-
est cost-determinant amounting to 
14% of fertilizer costs. The annual 
interest rate amounted to 19%-
23% for a loan or overdraft, and 
bank charges such as processing 
and document negotiation fees 
may amount to 4% of the value 

of the Letter of Credit. Given the 
high-risk and low-profit nature of 
the fertilizer business, banks are 
reluctant to provide credit for pri­
vescto frtiize trade. feri­
izer importers have difficulties in 

meter he diiultiequin 
loan conditions and often resort 
to donor-established guarantee­
funds, which only marginally re­

duce the banks' reluctance. This 
reluctance by banks often makes 
it impossible for Ghanaian import­
ers to take advantage of quick buy­
ing opportunities that may offer 

lower prices. It should be noted 
that cost of financing is of minor 
importance compared to the ac­
cessibility of bank credit, which is 
a basic condition for private fertil­
izer trade. 

Total terrestrial, long-distance 
transportation costs constitute 
about 5%-15% of the costs of fer­
tilizer in Ghana. The cost of fertil­
izer is greatly influenced by dis­
tance, availability of return cargo, 
and volume of fertilizer trans­
ported. However, considering that 
terrestrial transport costs are a 
relatively small part of total costs, 
optimization can have only a lim­
ited effect on the total cost of 
nutrients. 

At the retail end, the transfer 
to the private sector isstill in tran­
sition. There are no private deal­
ers in the regions where the pub­
lic Farmers Services Companies 
(FASCOMs) are operating. The 
prognosis for both the FASCOM 
(Upper Region), Ltd., and 
FASCOM (Volta Region), Ltd., in 
a privatized fertilizer market is not 
very encouraging; activities at the 
FASCOMs have dropped to their 
lowest ebb because of capital 
shortage, large outstanding debts, 
and relatively high overhead costs. 
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Fertilizer sector study
 
in Mali 

s part of the fertilizer 

marketing studies, IFDC-
Africa conducts country 

studies to identify the constraints 
related to the fertilizer sector and 
provide recommendations for a 
more efficient use of plant nutri-
ents to enhance food security, 

The Mali study, which was con-
ducted during 1993/94, will be 
published in 1995. Reflecting the 
Malians' concerns, five themes 
were developed in the study and 
included liberalization/decentrali-
zation of the fertilizer market, im-
pact of FCFA devaluation on in-
puts and agricultural production, 
evaluation of imported fertilizers, 
acceptance of Tilemsi phosphate 
rock (TPR), and analysis of alter-
native sources of plant nutrients. 
A team composed of Mali's Institut 

I[ 

d'Economie Rural (IER) and IFDC-

Africa's researchers worked to-
gether on the different themes, 
and a steering committee, com-
posed of members of the public 
and private fertilizer sector, was 
established to follow the study and 
act as resource persons. The di-
rect involvement of Malian part­
ners in the study through IER 
researchers and the steering com-
ree is expected to facilitate the 
implementation of the study's rec-
ommendations and contribute to 
strengthening the national capac-
ity in the fertilizer sector by train-
ing national collaborators. 

The Malian fertilizer market is 
basically dominated by areas with 
well-developed extension systems 
and other farmers' services such 
as Compagnie Malienne pour le 

IFDC's Impact in Africa 
The AFTMIN Example 

Developpement des Textiles 

(CMDT), Office du Niger, and 
Office de la Haute Vall~e du Niger. 
In these zones, cotton - a major 
crop controlled by CMDT - a 
parastatal company, accounts for 
about 81% of total fertilizer 
consumption. 

The primary fertilizer products 
used in Mali are 14-22-12 SB, 15­
15-15, urea, and DAP. In the 
noncotton zones (Office du Niger, 
for example), private sector in­
volvement in fertilizer procurement 
and distribution is well established. 
In these areas, farmers have es­
tablished associations, which order 
their inputs directly from private 
enterprises through banks. 

As is the case in other African 
countries, privatization has become 

FDC's market development project in West Africa has made remarkable strides since its 

inception in 1987. As a result of this project, the West African fertilizer market is more 
transparent. The monthly African Fertilizer Market bulletin is distributed in English and 

French to 228 individuals in 52 countries. Seven annual meetings have been conducted with the 
number of delegates tripling since 1988. In-depth fertilizer sector studies have been carried out 
throughout West Africa; these included both country-specific and thematic studies dealing with 
bulk-blending, privatization, and the use of phosphate rock. An African Fertilizer Information 
Database, which has been established, contains national fertilizer supply and demand statistics, 
national fertilizer prices, and fertilizer trade information on the sub-Saharan fertilizer market. 
Alternative fertilizer policy and marketing strategies have been identified; each has the goal of 
developing sustainable agricultural production systems. 
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a key issue in Mali; however, a gap 
exists as far as private sector in-
volvement in the agricultural input 
distribution is concerned, 

National currencies of all West 
African countries have been de-
valued, and this has made 
imported fertilizers and raw mate-
rials for the production of fertiliz-
ers more expensive. With the de-
valuation of FCFA by 50% on 
January 12, 1994, the govern-
ments of francophone West Afri-
can countries increased prices of 
cotton to compensate for the in-
creased fertilizer prices. The inputs 
supply and output marketing of 
cotton are in the hands of para-
statal organizations. 

The recent devaluation inThe ecntrie havato n 
francophone countries have had 
two major effects on the agricul-
ture sectors: 

1. 	 An increase in the return to 
farmers from fertilizer use on 
export crops (forexample, cof-
fee and cotton) and on crops 
such as irrigated rice. The 
study focused on the impact 
of devaluation on the cotton, 
rice, and maize sectors. For 
Mali, during the present agri-
cultural campaign, the devalu-
ation has had a positive im-
pact in terms of the growth 
rate of gross margin - 37% for 
cotton, 67% for irrigated rice, 
and 22% for maize in the 
south. 

2. 	 Increased competitiveness of 
domestic production with im-

ported products such as rice 
(Mali and Senegal). The 
overvaluation of the FCFA has 
always been considered one of 
the most important factors af-
fecting competitiveness of the 
agricultural products of franco-
phone countries. 

If the return from fertilizer use is 
no t ve , fertilizer use 

not positive, fertilizer use on 
nonirrigated foodcrops may stag-
nate or be reduced after devaluation. 

For imported fertilizer, the fo-

cus was on the following three 
concerns: (1) the high price of im-
ported fertilizers and the rigidity 
of fertilizer grades and specifi-
cations that can influence the 
price; (2) a single recommendation 

per crop for the whole country;
(3) the effect of liberalization and 
privatization on quality control of 
fertilizers. 

Analysis of collected data indi-

cated that there is no justification 
for requiring 100% water-solubility 
of phosphate, an ammonium-
nitrogen form, and complex fer-
tilizers. These restrictions limit the 
product choice that could cover 
the nutrient demand. The coun-
trywide fertilizer recommendations 
and fertilizer types, which were es-
tablished 15-20 years ago, do not 
cover the present nutrient needs. 
The fertilizer recommendations 
need to be modified, considering 
factors such as land use, agricul-
tural equipment, and potential 
yields. A fertilizer quality control 
system needs to be implemented 
to avoid the supply of adulterated, 
substandard fertilizers. 

The study indicates that TPR 
gives excellent results in its actual 
form in slightly acid soils, under 
semihumid conditions, and on the 
fallow preceding the rotation. 
Farmers were forced to use TPR 
in addition to the regularly recom­
mended fertilizers; thus, their 
production costs rather than the 

on costsr e r a n The 
benefits were increased. The 
extension workers who promoted 
TPR were not well informed on 
TPR's characteristics. 

Research on the direct applica­
tion of TPR has been conducted 
for several years. Favorable crop 
responses were found for TPR 
application; however, farmers' 
acceptance is low because of its 

costs, physical appearance, and a 
lack of extension. 

An inventory was conducted of 
the available agroindustrial 

byproducts, organic wastes, and 
local mineral sources that could be 
used as nutrients to complete and 
then to reduce quantities of the 
expensive imported fertilizers. The 
identified products consisted of 
byproducts from the cotton, 
sugarcane, and rice industries, 
slaughterhouses, city and house­
hold wastes, calcareous and phos­
phate sources. Competitive uses 
(animal feed and household needs) 
were found for byproducts from 
the cotton and rice industry and 
slaughterhouses. 
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Privatization of the 
Nigerian fertilizer sector
 

In 1994 the Federal Ministry 
of Agriculture of Nigeria com-
missioned IFDC to develop a 

plan for the liberalization of the 
Nigerian fertilizer sector to encour-
age private sector participation 
and, thus, improve efficiency and 
make fertilizer readily available to 
farmers at the right time, place, 
and price. The approach isto with-
draw the subsidy over a period of 
time and to transfer the responsi-
bility for fertilizer procurement and 
marketing wholly to the private 
sector, while the Government re-
tains regulatory responsibility and 
establishes institutional control and 
support systems required for a lib-
eralized sector. A team of IFDC 
and Nigerian scientists conducted 
the study that recommended lib-
eralization and gradual reduction 
of the subsidy. The Government 
of Nigeria will change its role from 
supplier of goods and services to 
protector of farmers' and traders' 
interests and the environment, 

Today, fertilizer procurement 
and distribution remain a statutory 
monopoly of the Federal Govern-
ment of Nigeria. For almost two 
decades, Government's direct in-
volvement in the fertilizer sector 
has been plagued by a complex set 
of marketing, logistical, and ad-
ministrative problems that have 
restricted agricultural growth, na-
tional food security, environmen-
tal preservation, and the national 
budget. 

Government monopoly of fer-
tilizer procurement and distribution 
has prevented private sector par-
ticipation and development of 
transparent, open, and competi-
tive fertilizer markets. The high 
rate of subsidy on fertilizers (80%-
90%) has induced losses, wastage, 
and market distortions, such as ar-
tificial demand, scarcities, exces-
sive traders' profits, and cost mark-
ups. Small farmers, the intended 
beneficiaries of the fertilizer sub-
sidy program, have limited access 
to the highly subsidized fertilizers. 
Fertilizer producers and middle-
men are the main beneficiaries of 
the current system while the Ni-
gerian Government is burdened 
with colossal and unsustainable 
subsidy expenditures, which 
amounted to Naira 8.9 billion 
(US$ 400 million at the official 
exchange rate) in 1994. At cur­
rent and projected levels of de-
mand in Nigeria, fertilizer subsidy 
will be a major constraint not only 
to agricultural development but 
also to other national development 
prorams. 
prg 

Entrepreneurial Capacity 
Extensive field surveys revealed 

that considerable entrepreneurial 
capacity exists in Nigeria's agri­
input market to generate the 
needed investment in the fertilizer 
business at the importation, whole-
sale, and retail levels. These orga-
nizations show enthusiastic willing-

ness to enter the fertilizer market­
ing system, provided the Govern­
ment establishes all the necessary 
support mechanisms and creates 
an environment for successful lib­
eralization. Most of these firms and 
institutions have the organiza­
tional, management, procure­
ment, importation, and marketing 
expertise to undertake the pro­
curement and marketing of fertil­
izer to Nigerian farmers. They 
have access to international fi­
nance and the international mar­
ket, long-term relations with the 
Nigerian banking system, and 
much experience in marketing 
products to farmers and rural con­
sumers. ifthe Government decides 
to privatize the supply and mar­
keting of this product, it will find a 
significant untapped capacity and 
resources. 

Because of the numerous firms 
with great potential for fertilizer 
trade, a selection procedure would 
need to be devised for private sec­
tor participation in fertilizer impor­
tation using as the criteria - finan­
cial strength, marketing experience/ 
distribution networks, management 
expertise, importation experience, 
desire, and performance in fertil­
izer wholesaling in 1995. 

Policy Decisions 
To liberalize the fertilizer sector, 

four policy changes must be made. 
Fertilizer trade covering importation, 
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wholesaling, and retailing will be in 
the hands of the private sector. 
Following full-scale liberalization 
(after the subsidy has been re-
moved), fertilizer prices will be de-
controlled and, therefore, deter-
mined by market forces. In 
addition, all controls prohibiting 

D uring 1994 IFDC com-

pleted and published a 
study entitled "The Mar­

keting of Fertilizers in Niger: The 
Impact of the Nigerian Policy." 
Highly subsidized fertilizers from 
Nigeria comprise 70%-80% of the 
market in Niger. Farmers, and 
therefore food security, in Niger 
are highly vulnerable to the fertil-
izer policy in Nigeria. In general, 
Niger's situation is similar to that 
prevailing in the entire Sudano-
Sahelian zone where pressures on 
both arable and grazing land are 
associated with a decline in soil 
fertility. To decrease soil degrada-
tion, measures must be taken to 
decrease nutrient losses, e.g., con-
trolling erosion, incorporating 
crop residues and increasing in-
puts, e.g., greater use of manure, 
indigenous phosphates, and 
chemical fertilizer. These measures 
permit agricultural intensification; 
however, they represent significant 
investments for the farmers and 
can be undertaken over only a 
small area. 

Fertilizer 	Use in Niger 

In 1990 fertilizer use in Niger 
amounted to 22,600 tonnes. Table 

free trade in fertilizer will be re-
moved. Fertilizer subsidy will be 
progressively reduced in 3 years 
at a rate consistent with Govern-
ment finances and economics of 
fertilizer use. Government's role 
will be limited to policy formula-
tion and legislation, quality control, 

product specifications, monitoring 
and evaluation, research and de­
velopment, operations of buffer­
stock, and establishment of an ap­
propriate organ to manage subsidy 
and fertilizer foreign exchange 
funds. 

Fertilizer marketing in Niger: 
Impact of the Nigerian policy 

rTable 8. 	Fertilizer Demand Estimates in Niger According 

to the Major Types of Fertilizer and Cultures 

Types Urea 15-15-15 
----------------

Irrigated 3,324 3,066 
Off-season 1,284 1,431 
Rainfeda 5,700 5,700 

Total 10,308 10,197 

Superphosphate Total 
(tonnes)-------------­

53 6,443 
- 2,715 

2,000 13,400 

2,053 22,558 
a. The variable component of the demand on rainfed crops was not 
taken into 	consideration. 

8 shows demand according to 
three types of farming systems ­
irrigated farming, off-season farm- 
ing, and rainfed farming - and the 
major types of fertilizer used. Urea 
and NPK each accounted for 45% 
of the demand, and the remain- 
ing 10% represented the demand 
for TSP and SSP applied in double 
doses. 

Fertilizer Supply in Niger 

In 1990 the Procurement Unit 

(Centrale d'Approvisionnement, 

C.A.) supplied 17%, and the pri-
vate sector 	supplied 83% of the 

fertilizer used. The private sector 
meets 95%-99% of the demand 
in the southern parts of the Maradi 
and Zinder regions. The private 
sector's large share is due to the 
proximity of the Nigerian border 
and the distance from the capital, 
to which donor-supplied fertilizers 
to the Procurement Unit (C.A.) are 
delivered. 

Private Fertilizer Trade 

From Nige'ia 

Of the 22,600 tonnes of fertil­

izer imported by Niger in 1990, 
roughly 3,800 tonnes was imported 
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by the parastatal sector. The pri-
vate sector imported 18,800 
tonnes from Nigeria. Of this total, 
16,080 tonnes was imported by 
licensed private sector buiness-
men and at least 2,720 L:nnes by 
small-scale businessmen or by the 
farmers themselves; between 
5,000 and 10,000 tonnes of fer-
tilizer is transported yearly from 
Nigeria through Niger to Mali and 
Burkina Faso. 

Impact on Nigeria of Fertilizer 
Trade With Niger 

Nigerian fertilizer producers do 
not have to create their markets 
since all production is sold to the 
Government at a fixed price, a 
price which is often higher than 
the import price. import prices are 
high because there is little compe-
tition in the import market. More-
over, imported fertilizers are notcoerioed fethrtespe noit. 
controlled with respect to quality,
Fertilizer subsidies amount to 80%-

90% of fertilizer costs, and fertil-
izer prices are extremely low. Pn-
ie friesre trde, altho Pnria 

vate fertilizer trade, although
allowed, flourishes withinNigeria
and between Nigeria and neigh-boring countries, such as Niger. 

The fertilizer traded from Nige-
ria to Niger is relatively insignifi-
r it constitutes only 1% of to-
tal 	fertilizer supply in Nigeria.tawefertirasupply inl Nigra. 
However, this relatively small quan-

rian fertilizers are usually sold in 
Niger for much higher prices than 
the official price in Nigeria. Actu-
ally, large-scale merchants are ben-
efiting immensely from the 
Nigerian fertilizer subsidy. The 
beneficiaries from these transac-
tions are private traders. 

Creating an Enabling 
Environment for Sustainable 
Agricultural Production in 
Nigeria and Niger 

Liberalizing trade between Ni-
geria and Niger will increase com-
petition, reduce marketing costs, 
and contribute to both economies. 
Free trad- will reduce marketing 
costs - an advantage to the buyer 
and the seller. Farmers from Niger 
will sell more agricultural products 

to Nigeria for better prices, and 
Nigerian consumers will benefit 
from a larger supply and lower 
consumer prices. Nigerian traders 
will obtain the necessary foreign 
exchange by legally exporting fer-
tilizers to Niger. Farmers in Niger 
will benefit from more competi-
tion, and fertilizer retail prices will 
be lowered. Nigerian fertilizers will 
be used again to produce more 
agricultural products at lower costs. 

In Nigeria, reforms cannot be 
effective unless some structural 
cagsaeitoue ntefr 

tilizer sector. The development of 
tlzrsco.Tedvlpeto 
an integrated plan to reduce fertil-

izer market distortions and govern-

changes are introduced in the fer­

ment expenditures within the fer-
tilizer sector may benefit from thefollowing considerations: 

+monitor 
Reducing fertilizer subsidy bur-
den - First, a very low official 
farmgate price is not impor-
tant to small farmers if they 
cannot find fertilizers in the 

sales outlet. Second, setting 
prices based on actual produc­

tion costs will probably lower 
factory-gate prices and in-
crease production efficiency 
and sales services. 

+ 	 Creating competition in fertil-
izer markets - Recognizing 

and supporting the private fer­
tilizer dealer through enabling 
policies will help develop a 
more open and competitive 
fertilizer market system, 
thereby improving services to 
small farmers. The current 
monopoly in the fertilizer im­
port market prevents the re­
duction of import costs and 
improvements in import effi­
ciency. This calls for market 

liberalization and a phased in­
troduction of private-sector 
involvement in fertilizer impor­
tation. Private fertilizer import­
ers can benefit from economies 
of scale, from purchase of fer­
tilizers on spot markets when 
fertilizers are in excess supply 
in the world market, and from 
extended credit facilities of­
fered by international fertilizer 
manufacturers and traders. 
Liberalization would also allow
importation of a wider variety
of fertilizer grades. 

• 	 Redefining Government's role 

in the fertilizer sector - As the 

policy environment becomes 
more favorable for increased 
involverrent in the fertilizersector, the Government could 

the market; enact leg­
islation; effect quality control; 
and formulate policy regarding
supply, marketing, pricing andsubsidy, research and exten­
sion, and environmental and 

other fertilizer-related issues. 

Development of Soil 
Fertility Restoration and 
Maintenance Strategies in 
Niger and Nigeria 

Both Niger and Nigeria have 
local phosphate rock deposits and 
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extensive areas where the lack of 
phosphorus severely limits food 
production. Inmany parts of Niger 
and northern Nigeria, phosphorus 
deficiencies have reduced vegeta-
tive growth, which in turn has pro-
moted soil erosion and the physi-
cal deterioration of the soils. Local 
phosphate rock resources can be 
used to increase the phosphorus 
fertility of the soils, promote the 
establishment of vegetation, re-
duce soil loss through erosion, and 
increase crop yields. 

To ensure that an adequate strat-
egy is developed to improve the 
production base of the soil, a na-
tional Soil Fertility Management 
Unit (SFMU) needs to be estab-
lished. The functions of the SFMU 
could include: 

4 	 Formulation of a set of inte-
grated soil fertility restoration 
and maintenance strategies; 

4 	 Implementation and monitor­
ing of a sustainable agricultural 
production program; 

+ Collection, management, 
analysis, and dissemination of 
market information; 

Development and introduction 
of adequate input legislation, 
and monitoring of product 
quality; and 

+ Provision of policy and expert 
advice and research guidance. 
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Privatization of Farmnput
Marketing Systems 

Carefully structured policy reforms that create incentives for 
agricultural production and promote international 

competitiveness of various farm inputs and commodities help 
to make agriculture a more cost-effective enterprise and 

enhance its contribution to the economic advancement of 
nations. Developing-country governments continue to turn to 

IFDC for sound, impartial advice as they establish the 
necessary institutions and infrastructure to support open, 

competitive markets. During 1994 IFDC's agribusiness 
component continued to meet with singular successes in 

Albania, Bangladesh, and Venezuela. 
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IFDC's Impact in Eastern Europe 

The Albanian Example 


FDC has assisted the Government of Albania in establish-
ing a free market economy in that country's agricultural 
sector. The IFDC project created a fully privatized market 

for agricultural inputs, developed a supporting institutional ca-

pability, and nurtured the development of the Albanian Fertil-
izer and Agricultural Inputs Dealers' Association (AFADA), 
composed of more than 300 fertilizer dealers. In addition, an 

agricultural inputs dealers*network of 400 agribusinesses has 

been created. IFDC has assisted Albania in developing an effi-
cient national agricultural statistical system. Fertilizer demand 
has remained constant during the past three years although 
prices have increased from 25% of world market to full com-

mercial value. With IFDC assistance Albania has begun im­
porting fertilizer to meet its fertilizer needs. Studies by IFDC 
have shown that fertilizer demand can increase up to 100,000 
tonnes per year (valued at US $17 million). The country is 
undergoing dramatic changes, from a negative growth in 1991 

to an increase in GDP of about 11% in 1994. The inflation 
rate has dropped from 225.9% in 1991 to 12% in 1994 and 
is expected to reach 10% by 1996. Agriculture is growing and 
supporting food security goals of the Government. 

V f-he IFDC-Albania privati- tural production increased by 18% 
zation project has resulted in 1992 and by 14% in 1993. The 
in a network of more than latest estimates indicate an 8% in-

300 private dealers who now sup- crease in 1994. These increases 
ply fertilizer and other agricultural are highly significant since agricul-
inputs at market costs to more ture accounts for more than one-
than one-half million private farm- half of Albania's Gross Domestic 
ers who are adjusting to a market Product (GDP). 
economy. Agricultural production 
is improving. After declines in Privatization has moved rapidly 
1990 and 1991, Albanian agricul- in Albania following the 40 years 

Albania 

of collectivization, which essen­
tially eliminated private-sector ag­
riculture and agii-input marketing. 
In 1989 the Albania Ministry of 
Economy reported essentially no 
private land ownership with 
515,151 ha in crop production by 
collectives and 154,566 ha in pro­
duction by state farms. All fertiliz­
ers were produced in state-owned 
factories and distributed through 
the state system. Today, land re­
form and redistribution are virtu­
ally complete, with about 95% of 
usable land having been trans­
ferred to private farms. The Gov­
ernment of Albania (GOA) still 
owns two fertilizer plants; how­
ever, fertilizer importation and dis­
tribution are in the hands of pri­
vate entrepreneurs. 

IFDC Recommendations and 
Accomplishments 

IFDC has evaluated the techni­
cal, economic, and environmen­
tal feasibility of continued opera­
tion of the two GOA-owned 
fertilizer complexes. Recornmenda­
tions have been made to privatize 
the nitrogen factory and to close 
the phosphate factory. Other rec­
ommendations have been made to 
the GC,A to remove import-related 
taxes on fertilizers and to develop 
and implement an environmentally 
and economically sound fertilizer 
production and importation 
strategy. 

Emergence of Dealer 
Organization 

IFDC has provided assistance in 
creating and nurturing a 300­
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member organization, AFADA. 
This dealer organization has pro-
vided major impetus to the 
privatization process. AFADA 
publishes an agribusiness newslet-
ter, has sponsored a national con-
ference on privatization of small-
and medium-scale enterprises in 
the agro-industrial sector, has pe-
titioned the GOA to remove re-
strictive import taxes, and in 
March 1994 arranged the first 
private sector import cf fertilizers 
into post-reform Albania. IFDC 
has assisted AFADA entrepreneurs 
with a number of details associated 
with their first fertilizer imports, 
including facilitating a best offer 
from an international trading com-
pany, assisting in obtaining letters 
of credit, arranging trade financ-
ing, fixing vessels for transport of 
fertilizer, and helping to develop 
international business contacts 
among dealers. Fertilizer imports 

(primarily urea and ammonium 
nitrate) totaled about 40,000 
tonnes in 1994 with product be-
ing primarily sourced from the 
Ukraine, Greece, and Bulgaria. 

Banking and Credik 

As the private sector marketing 
activity increased, so did the need 
for short-term credit. A substan-
tial credit requirement was envis-
aged in order to sustain a viable 
fertilizer trade sector. To relax pri-
vate sector financial constraints, 
IFDC, in conjunction with the Al-
banian banks and the two domes-
tic fertilizer factories, developed 
detailed short-term bank credit and 
mercantile trade credit procedures 
based on the need and credit wor­
thiness of fertilizer d( .Iers. Mer-
cantile credit was initedl by the 
twodomesticnfertil ir farieb thotwo domestic fertilizer factories to 
stimulate off-season fertilizer 
movement and create increased 

financial capabilities among the 
dealers. A total of about 200 mil-
lion leks (about US $2.0 million) 
in bank credit for fertilizer pur-
chases was issued from December 
1992 through September 1994.1 
During the same period, the Fier 
Nitrogen Fertilizer Factory (FNFF) 
and the Lac Superphosphate Fac-
tory (LSF) provided a total of 254 
million leks (almost US $2.6 mil-
lion) in mercantile credit. 

Furthermore, the Savings Bank 
of Albania and the National Com-
mercial Bank provided trade fi-
nancing for the issue of letters of 
credit for the importation of 5,000 
tonnes of urea and ammonium 
nitrate by one group of importers 
and several individual importers. 
The importers totally retired the 
debt before the fertilizer arrived at 
the Port of Durres beginning in late 
March 1994. 

To assist with institutionalizing 
banking and mercantile credit for 
the private sector, IFDC conducted 
several in-country and overseas 
training programs during 1993 

with the objective of upgrading the 
skills of senior credit agency man.-

agers and private sector dealers in 
credit management, business ad-
ministration, and defining private 
sector investment priorities and 
opportunities in the free market 
system. 

On January 13, 1994, the 
President of Albania issued Decree 
No. 752, which decreased the 
custom tax on fertilizers from 30% 
to 5% of the c.i.f, value. This ac-

'Exchange rate was approximately 98 
leks/U.S. dollar during the third quarter
of 1993 when most of the credit was pro-vided. Current exchange rate (Septem-
ber 1994) isapproximately 85 leks/U.S. 
dollar. 
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tion contributed substantially to 
successful fertilizer imports. A 15% 
turnover (sales) tax remains on fer­
tilizer despite the efforts of IFDC 
and AFADA. 

Albania will be able to achieve 
virtual self-sufficiency in nitrogen 
fertilizers if an ensured supply of 
natural gas is provided to the Fier 
nitrogen fertilizer production com­
plex. Assuming removal of import 
duties, the availability of imports 
from the world market will ensure 
competition, which will provide 
the Albanian farmers with a rea­
sonably priced supply of fertilizers. 

SARA Project 

At the request of the Govern­
ment of Albania, USAID has 
implemented the Support for Ag­
ricUlture Restructuring in Albania 
(SARA) Project to assist the pub­lic and private sectors to respond 
to the challenges inherent in trans­
forming a centrally planned 
economy to one driven by free 
market forces. 

One of the objectives of the 
SARA project involves agri­
business management training. 
Part of this training involves the 
use of training modules. IFDC de­
veloped the materials for Training 
Module No. 1, entitled Agribusiness 
Marketing and Commodity Sys­
tems. Other training modules may
be prepared by IFDC during the 
course of the project. The train­
ing modules will be used to 
complement the work of the other 
members of the SARA consortium 
which, in addition to the project 

leader, Winrock International, in­
cludes Virginia Polytechnic Insti­
tute, Ronco International, and
IFDC. 



Bangladesh 
i FDC's assistance to the Gov-

IFDC's Impact in Asia ernment of Bangladesh con-
The Bangladeshi Example . tinued in 1994 through 

implementation of the USAID­
funded Fertilizer Distribution Ir­

ne of IFDC's most outstanding success stories is in provement (FDI)-II Project, which 
Bangladesh, where a 15-year project has completely re- ended in August 1994, and the 
structured the fertilizer sector and instituted a freely com- design of the Agrobased Industry 

petitive marketing system, which created a network of 170,000 and Technology Development 
private entrepreneurs. By eliminating fertilizer subsidies and other Project (ATDP). 
support costs, the Government of Bangladesh has saved more than 
US $100 million since 1988. A prime result of this project wds The goal of the FDI-llproject 
Bangladesh's achievemert of self-sufficiency in rice in the early 1990s. was to increase agricultural pro­duction through the increased use 
As a result of this project, all fertilizer importation is handled by the of fertilizers. During 1994 a ma­
private sector. 

Sjor emphasis was placed on sus­
taining the gains made in (1) fer­
tilizer policy reform, (2) technology 
transfer and human resource de­
velopment, (3) banking system 
development, and (4)upgrading of 
the management information sys­
tem. Some of the key activities in 
each of these areas are discussed 
in the following sections. 

Fertilizer Policy Reforms 

The major emphasis was on 
maintaining a market environment 

.1 that promoted increased fertilizer 
trade and encouraged private sec­tor investment. This included a 

continuation of free market pric­
• - ing, direct imports by the privatc 

sector, and private sector direct lift­
ing of fertilizer from factories. A 
national association of more than 

F-The improvement of marketing and processing of 800 fertilizer distributors (the 
fruit and vegetables is an important part of the Bangladesh Fertilizer Association) 
Agrobased Industry and Technology Development was established to represent the 
Project. Here a load of popular jack fruit is delivered private sector's interests in fertil­
to market in Dhaka. The seeds are also used in izer sector development. 
traditional dishes. 

Technology Transfer and 
Human Resources 

The FDI-I1 project continued to 
place great emphasis on human 
resource development to upgrade 
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the technical knowledge and busi-
ness acumen of ferti!izer-sector 
personnel including eritrpp-eneurs, 
bankers, Department of Agricul-
tural Extension staff, Government 
officials, and farmers. Technology 
transfer activities focused on up-
grading technical knowledge of 
improved agricultural technology, 
During 1994, 115 farm-level dem-
onstrations (48 in the private sec-
tor and 67 in the public sector) 
were conducted. In addition, 7 
technical brochures and point-of-
purchase displays were completed 
and distributed to the public and 
private sectors during the ycar. 

National training programs for 
467 fertilizer distributors and deal-
ers, bankers, and government of-
ficials were completed under the 
FDI-II project in 1994. Inaddition, 
22 persons participated in inter-
national study programs. 

Banking System Development 

The seed money (US $15 mil-
lion) used to finance the commer-
cial credit program in 1989 was 
instrumental in encouraging the fi-
nancial institutions to provide 
working capital for private traders. 
During 1994 IFDC focused on 
improving the loan appraisal and 
loan management skills of the 
banks. This was accomplished 
through training programs, one-
on-one technical assistance discus-
sions with bank officials, and the 
provision of accurate and timely 
information on fertilizer market 
conditions. 

Management Information 
System 

During 1994 activities of the 
management information system 

(MIS) component focused on con-
tinuing to provide the public and 
private sector with timely reports 
on the impact of policy reform and 
fertilizer market conditions 
throughout the country. The MIS 
system was expanded to cover 61 
of the 64 districts in the country, 
and the structure of the MIS com-
ponent of the project was strength-
ened to improve efficiency in data 
collection, analysis, and reporting 
and to facilitate an orderly transi-
tion of the MIS function to ATDP. 

IFDC's work under FDI-II in-
Ildcts rk under D n

cluded activities that focused onenvironmental and legislative is-

sues related to the sustainability of 
the fertilizer marketing system in 
the private sector. A draft fertilizer 
control order was completed and 
submitted to the Ministry of Agri-
culture for review. Subsequently, 
a FertilizerSamplingManualand 
an Analytical Manual for Fertil-
izer Materialswere developed and 
submitted to the Ministry of Agri-
culture to support implementation 
of the regulatory system. 

The potential for environmen-
tal damage due to fertilizer produc-
tion exists in the fertilizer indus-
try. Recognizing the potential, the 
Bangladesh Chemical Industries 
Corporation and IFDC specialists 
completed a comprehensive as-
sessment of the nitrogen produc-
tion facilities in Bangladesh. The 
report entitled "An Environmen­
tal Assessment of the Ammonia 
and Urea Factories inBangladesh" 
indicates that the factories are not 
adversely affecting the environment. 

The FDI-II project was com­
pleted in 1994; highlighting the 
conclusion of the project was a 
seminar that focused on project 

achievements, lessons learned, 
and issues that continue to be a 
concern and potential threat to the 
sustainability of the open-market 
economy for fertilizers. The chief 
guest at the seminar was the 
Honorable Minister of Agriculture, 
Major General (Rtd) Majidul Huq. 
The guest of honor was the Hon­
orable Ambassador of the United 
States, Mr. David M. Merrill. The 
project experience, including an 
overview of the project compo­
nents, project achievements, and 
lessons learned under FDI-II, was 
included in a videotape on the 
project. 

The FDI-II project has been a 
key technical assistance project in 
Bangladesh and has resulted in 
opportunities for further gains in 
agriculture/agiibusiness develop­
ment. Building upon the lessons 
learned and momentum gained 
under FDI-II, IFDC also completed 
the design of the USAID-funded 
ATDP in Bangladesh. The new 
project will include four main com­
ponents: policy analysis and re­
form; technology transfer and 
training; commercial credit system 
development; and a management 
information system. The commod­
ity subsectors to be included un­
der the project are secds, fertiliz­
ers, agri-machinery, poultry and 
livestock, and agri-processing. 
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Romania
 

"ith funding and support the United States of America," had the feed and thus the return on 

from USAID, IFDC im- two major purposes. The first was their investment. Monitoring data 
ported into Romania 

about 17,000 tonnes of high pro-
to introduce market economics 
and a free market experience to 

showed excellent results with de­
creased mortality, decreased 

tein animal feed supplement in the Romanian farmers, and the weaning period, increased lacta­
1992. Between June and Octo- second was to raise funds to be tion, improved weight gain, and 
ber 1993, IFDC auctioned the feed used to purchase equipment re- decreased time to market (about 
supplement to private Romanian 
animal producers who paid near 
world market prices for the 
commodity. 

quired for a national cadastre to 
return land to private ownership. 

Those farmers who purchased
and used the feed supplement 

6 months compared with 11 
months without the supplement). 
The program clearly created a 
demand for high quality animal 
feed supplement in Romania, 

The program, which the Roma- made a private investment in ani- which is estimated by IFDC to be 
nian press labeled "the first real mal production and were im- 1 million tonnes/year. 
assistance to Romanian farmers by pressed with the performance of 

. J. 

The free market system has been introdnced to Romania's agriculture sector. 

Roadside vegetable stands can be seen throughout the Romanian countryside. 
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IFDC's Impact in Central Europe
 

The Romanian ExampleI[n Romania IFDC has introduced market economics to Romania's farmers and helped
 
raise funds to purchase equipment needed for a national land survey designed to facilitate
 
the return of land to private ownership. This project clearly created a demand for high­

quality animal feed supplement in Romania, which is estimated to be 1 million tonnes per year.
 
Because the feed supplement was sold through auctions, about US $6 million was raised for a
 
cadastral survey. IFDC assisted with the formation of an association of private Romanian animal
 
producers, now numbering about 100. 

The auctions produced the 
equivalent of about US $6.0 mil-
lion at the exchange rate prevail-
ing during the first quarter of 
1994. These funds will be used to 
purchase equipment and supplies 
for a cadastral survey. The work 
for this task has begun and is ex-
pected to continue through 1995. 
Secure land titles for private farm-
ers are essential for the develop-

TanzaniaA amember of the FAO/ 

World Bank Cooperative 
Programme mission, an 

IFDC economist visited Tanzania 
during 1994. This was a followup 
visit to an earlier World Bank mis-
siori in 1993 to identify a pro-
posed Agricultural Factor Markets 
Project for Tanzania. As a result 

ment of private animal production 
and agriculture in Romania. 

IFDC also provided assistance 
for the formation of an associa-
tion of private animal producers 
in Romania whose paid member-
ship in 1994 was about 100. The 
organization is active in lobbying 
for the interests of private animal 
producers. During 1994 the mem-
bers of the organization success-

of these visits, a paper was pre-

pared to clarify the issues involved 
in developing a liberalized fertil-
izer market in Tanzania. Also, rec-
ommendations for a successful 
transition to such a market were 
made. 

Fertilizer is a critical input for 
Tanzanian agriculture. Reform of 

fully completed several training 
workshops to strengthen their 
technical capacities. 

The project succeeded in intro­
ducing free market concepts to Ro­
manian farmers and generating 
funds for the cadastre. It is with 
this successful beginning that the 
work of IFDC in Romania is ex­
pected to continue with USAID 
support in 1995. 

this market to import technologi­

cally superior fertilizer products at 
the lowest possible costs isessen­
tial for long-term and sustained 
growth of Tanzania's agriculture. 
The conceptual framework of this 
paper has wider implications for 
the reform of other factor markets 
in Tanzania and elsewhere. 
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Venezuela
 

n September 1993 the Ven-
ezuelan Government re-
moved all fertilizer subsidies 

and instructed Petroquimica deVenezuela S. A. (PEQUIVEN), the 

M "Mrs. Isabelita Barreiro, PEQUIVEN Process/
Projects Engineer, and Don Young, IFDC Senior 
Engineering Specialist, sample exit gases at 
PEQUIVEN's NPK plant. J 

country's state-owned sole pro­
ducer of fertilizer, to restructure its 
operations to make them competi­
tive in a free and open market envi­
ronment. By 1996 PEQUIVEN 
plans to privatize most, if not all, 
of its operations. To this end, 
PEQUIVEN obtained the services 
of IFDC to assist its staff in the 
design and implementation of this 
transition from a public, subsidized -
enterprise to one that is market 
driven and partially or totally private. 
Inaccordance with PEQUIVEN's re­
quest, IFDC has begun implement­
ing the recommended reforms. 
The recommendations included 
the following elements: 

" Determining the domestic mar­
ket situation and methods for 
capturing and servicing a major 
market share. 

" Examining the physical distribu­
tion system and developing a 
plan for improving the technical 
and economic efficiency of these 
operations. 

" Identifying and prioritizing the 
constraints to the efficient mar­
keting of fertilizer in Venezuela. 

" Evaluating the domestic phos­
phate rock mining and benefi- " 
ciation operations at the Riecito 
mine and formulating aplan for .. 
a more efficient integration of 
the mining operations into the . 
Moron operations. 
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IFDC's Impact in Latin America
 
The Venezuelan Example

Since September 1993 IFDC has been assisting Petroquimica de Venezuela S.A. (PEQUIVEN) in 
the design and implementation of its transition from a previously subsidized enterprise to one that 
is market-driven. This restructuring project isproducing tangible results. For example, PEQUIVEN's 

overall fertilizer production capacity has increased from 60% to more than 88%. The production rates of 
the ammonia/urea and phosphoric acid units are nearing 100% capacity. Improved production effi­
ciency in the phosphoric acid and NPK granulation plants produced a saving of about US $10,000 per
day. IFDC introduced a preventive maintenance program that has decreased unscheduled downtime by 
about 50%. The control of credit to dealers, dealers' inventory, and past due collections has improved
PEQUIVEN's cash flow. The marketing train-the-trainer program implemented by IFDC has quickli
expanded PEQUIVEN's capability to develop an entirely new customer-oriented sales force. The 
PEQUIVEN project is a classic example of the integrated application of IFDC's broad spectrum of practi­
cal market-oriented technical, financial, marketing, and management skills to meet a client's complex needs. 

Analyzing PEQUIVEN's manage­
ment and business operations. 

IFDC has begun a p.,ogram to train 
a cadre of fertilizer and agri-inputs 
dealers and salespersons and in 
1994 provided four resident coun­
terpart managers to work at the 
Moron complex in concert with 
Moron management. These man­
agers are covering the areas of mar­
keting and management, phospho­
ric acid production, NPK fertilizer 
production, and ammonia/urea 
production. The PEQUIVEN 
project is a classic example of the 
integrated application of IFDC's 
broad spectrum of practical com­
mercially oriented technical, mar-

Primary crushing station at Evaluating the phosphoric acid keting, financial, and management

1PEQUIVEN's Riecito production unit at Moron with skills to solving a client's complex 
phosphate rock mine, emphasis on improving the tech- needs. The techniques used bynical and economic efficiency of IFDC in assisting PEQUIVEN tothe unit. move from the public sector intothe market-driven private sector 

Evaluating the compound NP/ are applicable to ceveral other 
NPK granulation unit to deter- IFDC initiatives currently being de­
mine needed modifications for veloped or underway in Eastern 
improving the efficiency of the Europe, the former Soviet Union, 
unit. and elsewhere. 
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Sustainable Agricultural Grwth
Through Capacity Building
 

474 

In assisting developing countries to achieve food security, we 
must first help them analyze their problems, determine the 

necessary course of action, and mobilize the resources 
needed to complete the necessary tasks. In other words, we 

must empower them with the capacity to solve their own 
problems. During 1994 IFDC's training component 

continued to play a vital role in developing countries by 
strengthening national capacities of 55 countries by 

providing training opportunities for a total of 468 individuals. 
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FDC's Human Resource De­
velopment Unit develops and 
manages group and individual 

training for private agribusiness 
people, government policymakers, 
agriculturalists, and research scien­
tists from developing countries 
worldwide. Most training programs 
at IFDC are developed and imple­
mented in collaboration with uni­
versities, private voluntary organi­
zations, and Federal agencies. 
This gives training participants 
access to a broad range of exper-
tise. During 1994, 468 persons 
participated in IFDC group and in-
dividual training programs. Nine 

of the trainees were 

women. 

" 
IFDC participated in IFA's Regional Conference for 
Africa, which was held in Dakar, Senegal, in 1994. 
Pictured from left &ire a representative of the Senegalese 

Fertilizer Company, ICS; Dr. Uzo Mokwunye, Director,IFDC Africa Division; and IFA's General Secretary, Luc 
Maene. 

Global training programs
 
n cosponsorship with the 
Fertiliser Association of India 
(FAI) and Asosiasi Produsen 

Pupuk Indonesia (APPI), IFDC's 
distribution and marketing special-
ists organized the 3-week Interna-
tional Study Tour on Fertilizer Distri- 
bution and Handling. The program 
was attended by 28 senior- and 
middle-level officials and manag-
ers from 12 countries who are in-
volved in the physical distribution 
of fertilizers. The study tour was 
held in India, Indonesia, andSingapore. 

IFDC's agronomy and market-
ing specialists organized a 2-week 

International Study Tour on Ad-
vances in Fertilizer and Irrigation 
Technology in the United States 
at various locations in the United 
States. The study tour was at-
tended by 17 participants from 12 
countries. 

IFDCs marketing specialists or-
ganized a 4-week Training Pro-
gram on Fertilizer Marketing Chal- 

In cooperation with the Univer­
sity of Florida, the International 
Benchmark Sites Network for 
Agrotechnology Transfer 
(IBSNAT), and the International 
Consortium for Agricultural Sys­
tems Applications (ICASA), 
IFDC's crop modelers organized 
the 2-week Training Program on 
Computer Simulation of Crop 
Growth and Management Re-

United States. Twenty-three par-esponses inGainesville, Florida. 
Unipats Twentres at-
ticipants rom 2 coramtended the program. The program
addressed challenges in fertilizer 

marketing due to privatization of 
the fertilizer sector. 

The program was attended by 34
 
participants (includingfive women)
from 17 countries. 

In cosponsorship with APPI, 
IFDC's marketing specialists and 
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economists organized a 2-week 
training program, Fertilizer Mar-
keting Training Program: New 
Challenges, in Jakarta, Indonesia. 
The program was attended by 33 
participants (including three 
women) from 11 countries. 

IFDC staff in Africa organized 
the 2-week Training Program on 
Efficient Marketing of Fertilizers in 
sub-Saharan Africa in Lom6, 
Togo. The program, presented in 
English and French, was attended 
by 16 participants from 14 coun-
tries. A 2-day field trip was orga-
nized to visit a fertilizer granula-
tion and blending plant and a 
bagging companyin Abidjan, C6te 
d'Ivoire. 

At the request of the Burkina 
Faso National Soil Research Insti-
tute, IFDC-Africa organized a 2-
day training workshop for five 
Burkinabe soil scientists at Lom6, 
Togo. The workshop entitled "In-
tegrated Soil Fertility Management 
in West Africa" provided a forum 
for scientists in the Watershed 

uring 1994, some 314 

participants, including 44 
women, participated in 

23 specialized training programs 

Management Program to share 
with their Burkina Faso counter-
parts ideas and experiences on 
crop rotation, management of 
crop residue and manure, nutrient 
management under an agro-forestry 
system, and farmer-participatory 
approaches to integrated soil fer-
tility management. The partici-
pants visited IFDC-Africa's re-
search station at Davi6, Togo, to 
observe on-going field research 
activities. 

IFDC-Africa participated in the 
IFA Regional Conference for 
Africa in Dakar, Senegal, during 
1994 to inform the fertilizer in-
dustry about challenges and oppor-
tunities in Wpst Africa. Presenta-
tions were given on fueling 
sustainable growth in West Afri-
can agriculture through capacity 
building, perspectives on bulk 
blending and blended fertilizers in 
West Africa, the need for effective 
fertilizer market development in 
Nigeria, the changing role of the 
State in the fertilizer sector in 
francophone West Africa: a case 

study of Benin, and an overview 
of fertilizer transactions in sub-Sa­
haran Africa in 1993. 

During 1994 IFDC-Africa 
or ing ontFDC-Af 

organized a seminar on the use of 
local mineral resources for sustain­
able agriculture in West Africa. The 
seminar was a joint effort of the 
twocnetr a a Math 
African Fertilizer Trade and Mar­
keting Information Network 
(AFTMIN) and the West African 
Fertilizer Management and Evalu­
ation Network (WAFMEN). Ninety­
two participants, representing 14 
countries in sub-Saharan Africa, 
two countries in Europe (France 
and Netherlands), and United 
States, discussed the use of local 
mineral resources to reverse soil 
fertility decline and increase farm 
production and income. The semi­
narwas funded by the Netherlands 
Development Cooperation (DGIS), 
and the WAFMEN participants 
were sponsored by the Agence de 
Cooperation Culturelle et Tech­
nique (ACCT). 

Specialized training programs 
covering such areas as agribusiness ment and import financing, and 

planning, crop modeling, environ- marketing. 
mental assessment, fertilizer pro­
duction, international procure­

Country-specific study tours 
Study Tour for Polish Fertilizer Industry 
Commercial Managers and Dealers

TD ecause the Polish 
economy is being trans-
formed into a market-

oriented system, the country's 
businesses and industries are ea-
ger to learn how to make their en-

terprises more efficient and com- 
petitive. Polish managers are look-
ing for ways to develop previously 
unfamiliar entrepreneurial skills in 
order to adapt to market-driven 
systems. In this new environment 
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they have been suddenly thrust 
into making the hard decisions 
regarding production goals and 
costs, pricing, product selection, 
distribution, and marketing. 



To assist the Polish fertilizer in-
dustry in making this transition, 
IFDC organized a specialized study 
tour of the United States for ten 
of Poland's leading fertilizer indus-
try managers. The objectives of 
the tour were to provide these 
managers with an in-depth look 
at U.S. fertilizer granulation 
techniques and commercial facto-
ries operating in a free market 
economy. An equally important 
objective was to observe a market-
oriented dealer network that serves 
as a private extension service. 

After a series of lectures and dis-
cussions on distribution and 
marketing at IFDC, the Polish 
managers were conducted by 
IFDC officials on a tour of a num-
ber of fertilizer production plants, 
fertilizer dealers, and farm service 
centers. 

Environmental Regulations 
Study Tour for Bangladesh 
Fertilizer Officials 

A 7-member team of Bangla-
desh fertilizer plant officials gained 
a better understanding of environ­

mental issues and regulations in 
the United States as they affect 
the fertilizer industry. During the 
study tour the officials assessed the 
environmental and safety pro-
grams of U.S. fertilizer factories. 
With their U.S. hosts, the team 
members discussed fertilizer pro-
duction processes; quality control, 
marketing, and distribution tech-
niques for solid and liquid fertiliz-
ers; and environmental issues 
related to production plants. 

Study Tour for Officials of 
Albania's Agricultural 
Statistical Directorate 

During 1994 IFDC conducted 
a 2-week study tour in the United 

States for four officials of the Di-
rectorate of Information and Sta-
tistics, MOAF, to apprise Albanian 
Government officers of the tech­
nologies and developments of 
countries operating in free and 
competitive marketing systems. 

On field visits to various state 
and Federal agricultural statistical 
service offices, the group learned 
about basic and advanced tech-
nologies in agricultural statistical 
services principally in the areas of 
data collection and survey tech-
niques, census, and management 
information systems. The visits 
were complemented with lengthy 
discussions with government 
officers in charge of the bureaus 
visited. The discussions were 
centered around the application of 
the technologies in Albania, the 
resources needed, and the 

limitations, 
Agricultural Inputs Business 
Planning and Finance StudyPlaningand inace Sudy 
Tour for Albanian Ag-Input 
Dealers and Bankers 

IFDC organized and conducted 
a study tour on agricultural inputs 
business planning and finance for 
a group of 19 bankers and ag-
input dealers during 1994. Dur-
ing the segment of the program 
that was conducted at IFDC Head-
quarters, the participants and their 
leaders discussed a range of topics 
such as commercial credit, bank-
ing services for agribusiness, and 
marketing crop protection chemi­
cals. In addition, the participants 
observed various components of 
agribusiness during field visits to a 
seed testing laboratory, a commer­
cial bank, a swine farm, seed stores, 

farmers cooperatives, family-owned 
farms, fertilizer plants, fertilizer 

equipment manufacturers, trade 
associations, and governmental 
agencies. 

Study Tour on Agribusiness 
Commercial Finance 

IFDC conducted a 2-week study 
tour for two Bangladesh officials ­

the Additional Secretary, Ministry 
of Agriculture, and the Additional 
Secretary, Ministry of Finance 
(Banking) - during 1994. The pur­
pose of the tour was to introduce 
concepts of operating and man­
aging agribusiness enterprises and 
private-sector companies and the 
rol,: of private banks in support 
of these operations. The tour in­
cluded visits to and discussions 
with several companies and insti­
tutions in the United States related 
to agribusiness, fertilizer produc­
tion, and banking and credit 

organizations. Some of the activi­
ties that were included on the 
agenda were (1) an introductionto the role of extension in U.S. 
agriculture; (2) discussions with 
crit organizat ionsh t 

agribusiness operations; (3) an 
overview of the production of fer­
tilizers and soil testing for recom­
mendations; (4)the observation of 
phosphate mining and land recla­
mation methods; (5) discussions 
with international fertilizer trading 
companies; and (6) an overview 
of the services provided by the 
banking community. 
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REPORT OF INDEPENDENT ACCOUNTANTS 

To the Board of Directors 
International Fertilizer Development Center 

We have audited the accompanying balance sheet of International Fertilizer Development Center 
(IFDC) as of December 31, 1994, and the related statements of revenue, expenses and changes in 
fund balance, functional expenses, and cash flows for the year then ended. These financial 
statements are the responsibility of IFDC's management. Our responsibility is to express an opinion 
on these financial statements based on our audit. The financial statements of IFDC for the year 
ended December 31, 1993, were audited by other auditors, whose report, dated March 11, 1994, 
expressed an unqualified opinion on those statements. 

We conducted our audit in accordance with generally accepted auditing standards. Those standards 
require that we plan and perform the audit to obtain reasonable assurance about whether the financial 
statements are free of material misstatement. An audit includes examining, or a test basis, evidence 
supporting the amounts and disclosures in the financial statements. An audit also includes assessing 
the accounting principles used and significant estimates made by management, as well as evaluating 
the overall financial statement presentation. We believe that our audit provides a reasonable basis 
for our opinion. 

In our opinion, the financial statements referred to above present fairly, in all material respects, the 
financial position of International Fertilizer Development Center as of December 31, 1994, and the 
results of its operations and its cash flows for the year then ended, in conformity with generally 
accepted accounting principles. 

Birmingham, Alabama 
March 17, 1995 
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International Fertilizer Development Center 
Balance Sheets - Assets 
December 31, 1994 And 1993 

CURRENT FUND
 

Cash and cash equivalents 
Short-term investments 
Amounts receivable from donors (Note 4) 
Other accounts receivable 
Advances to employees 
Supplies inventory 
Prepaid expenses 

BUILDINGS AND EQUIPMENT FUND 

Buildings 
Equipment 

Less: accumulated depreciation 

See notes to financial statements. 

1994 1993 

$ 3,133,361 $ 2,896,460 
100,000 0 

1,330,166 6,427,078 
990,449 1,388,432 
65,042 86,192 

129,474 144,408 
69,405 67,001 

$ 5,817,897 $ 11,009,571 

$ 5,976,400 $ 5,976,400 
5,041,758 5,150,179 

11,018,158 11,126,579 
(7,775,475) (7,515,344) 

$ 3,242,683 $ 3,611,235 
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International Fertilizer Development Center 
Balance Sheets - Liabilities And Fund Balances 
December 31, 1994 And 1993 

1994 1993 

CURRENT FUND 

Accounts payable 
Accrued annual and sick leave (Note 2) 
Deferred revenue (Note 4) 

$ 330,909 
1,730,501 
2,614,591 

$ 431,951 
1,797,146 
7,624,887 

Total liabilities 4,676,001 9,853,984 

Fund balance 1,141,896 1,155,587 

$ 5,817,897 $ 11,009,571 

BUILDINGS AND EQUIPMENT FUND 

Contract retainage 
Fund balance 

$ 0 
3,242,683 

$ 421 
3,610,814 

$ 3,242,683 $ 3,611,235 

See notes to financialstatements. 
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International Fertilizer Development Center 
Statements Of Revenues, Expenses, And Changes In Fund Balances 
for the years ended December 31, 1994 And 1993 

Buildings and 
Current Fund Equipment Fund 

1994 1993 1994 1993 
Total All Funds 

1994 1993 

Revenue: 
Grants 
Recoverable project costs 
Other 

$ 6,885,542 
4,799,868 

8,688 

$ 18,488,621 
4,687,985 
250,653 

$ 0 
0 
0 

$ 0 
0 
0 

$ 6,885,542 
4,799,868 

8,688 

$ 18,488,621 
4,687,985 
260,653 

Total revenue 11,694,098 23,437,259 0 0 11,6P4,098 23,437,259 

) 

Expenses:
Field programs 
Research 
Outreach 
General and administrative 

3,151,213 
2,172,011 
4,104,594 
2,343,341 

4,710,206 
2,491,726 

13,263,463 
2,713,355 

38,059 
121,828 
128,723 
79,100 

58,625 
117,834 
132,016 
75,228 

3,189,272 
2,293,839 
4,233,317 
2,422,441 

4,768,831 
2,609,560 

13,395,479 
2,788,583 

Total expenses 11,771,159 23,178,750 367,710 383,703 12,138,869 23,562,453 

Excess (deficiency) of revenue over expenses (77,061) 258,509 (367,710) (383,703) $ (444,771) $ (125,194) 

Other changes in fund balances: 
Fund balances, beginning of period 
Transfers to (from) current fund for equipment 

acquisitions, capita! lease payments, and 
retainage 

Foreign currency translation adjustment 

1,155,587 

421 
62,949 

1,116,110 

(187,185) 
(31,847) 

3,610,814 

(421) 

3,807,332 

187,185 

Fund balances, end of period $ 1,141,896 $ 1,155,587 $ 3,242,683 $ 3,610,814 

See notes tofinancial statements. 



international Fertilizer Daveiopment Center 
Statements Of Functional Expenses 
for theyears ended December31, 1994 And 1993 

Field Programs Research Outreach Administrative Total Expenses 
1994 1993 1994 1993 1994 1993 1994 1993 1994 1993 

Personnel compensation $1,797,141 $2,145,456 $1,145,018 $1,220,393 $2,041,097 $ 1,803,911 $ 1,290,126 $1,366,079 $ 6,273,382 $ 6,535,839 
Personnel benefits 327,528 497,790 398,170 415,980 533,776 507,407 371,503 386,457 1,630.977 1,807,634 
Travel and transportation 486,121 842,749 157,231 192,992 764,824 3,568,859 130,527 210,260 1,538,703 4,814,860 
Occupancy 27.336 41,144 155,456 202,836 158,390 208,780 155,456 202,837 496,638 655,597 
Telephone and telegraph 47.292 179.837 33,646 43,704 74,119 87,891 34,937 40,274 189.994 351,706 
Rental of equipment 74,724 177,731 38,915 46.236 78,484 134,634 5,289 20,120 197,412 378,721 
Contractual research and 

development 8.962 104,270 41,261 91,961 0 12,100 196,265 0 246,488 208,331 
Other contractual services 125,425 313,896 74,683 70,244 152,998 653,142 0 293,788 353,106 1,331,070 
Materials and supplies 202,951 351,128 96,153 174,976 244,610 6,206,341 123,699 160,701 667,413 6,893,146 
Postage 18,919 26,589 13,149 13,022 13.581 26,907 13,709 12,874 59.358 79,392 
Insurance 34,814 29,616 18,329 19,332 42,715 53,491 21,830 19,965 117,688 122,404 
Miscellaneous 0 0 0 50 0 0 0 0 0 50 

Total expenses before 
depreciation 3,151,213 4,710,206 2,172,011 2,491,726 4,104,594 13,263,463 2,343.341 2,713,355 11.771,159 23,178,750 

Depreciation of buildings 
and equipment 38,059 57,593 118,682 114,831 122,827 128,881 69,831 69,865 349,399 371,170 

Loss on disposal of 
equipment 0 1,032 3,146 3,003 5,896 3,135 9,269 5,363 18,311 12,533 

38,059 58.625 121,828 117,834 128,723 132,016 79,100 75,228 367,710 383,703 

Total expenses $3,189.272 $4,768,831 $2,293,839 $2,609,560 $4,233,317 $ 13,395,479 $2,422,441 $2,788,583 $ 12,138,869 $23,562,453 

See notes tofinancialstatements. 



International Fertilizer Development Center 
Statements Of Cash Flows 
for the years ended December 31, 1994 And 1993 

1994 1993 

Cash flows from operating activities: 
Deficiency of revenue over expenses 
Adjustments to reconcile deficiency of revenue over expenses 

to net cash provided by operating activities: 
Depreciation 
Loss on disposal of equipment 
Other, net 
Changes inassets and liabilities: 

(Increase) decrease inshort-term investmer,;s 
Decrease in amounts receivable from dono.,i 
Decrease inadvances to employees 
Decrease inother accounts receivable 
Increase inprepaid expenses 
Decrease (increase) insupplies inventory 
Decrease inaccounts payable and accrued annual and 

sick leave 
Decrease indeferred revenue 

$ (444,771) 

349,399 
18,311 
(2,258) 

(100,000) 
5,096,912 

21,150 
397,983 

(2,404) 
14,934 

(167,687) 
(5,010,296) 

(125,194) 

371,170 
12,533 

0 

98,000 
2,084,498 

55,491 
842,513 
(37,402) 
(38,413) 

(518,872) 
(1,834,735) 

Net cash provided by operating activities 171,273 909,589 

Cash flows from investing activities: 
Proceeds from sales of equipment 
Capital expenditures 

2,679 
0 

0 
(187,185) 

Not cash provided by (used in)investing activities 2,679 (187,185) 

Effect of foreign currency exchange rate changes on cash 62,949 (31,847) 

Net increase in cash and cash equivalents 236,901 690,557 

Cash and cash equivalents, beginning of year 2,896,460 2,205,903 

Cash and cash equivalents, end of year $ 3,133,361 $ 2,896,460 

See notes to financialstatements. 

72
 



International Fertilizer Development Center 
Notes to Financial Statements 

1. General 

International Fertilizer Development Center (IFDC) is a not-for-profit organization 
incorporated October 7, 1974 under the state laws of Alabama. On March 14, 1977, IFDC 
was designated as a public international organization by executive order of the President of 
the United States. The purpose of the organization is to improve fertilizers and knowledge 
of fertilizer uses in developing countries through research and development, technical 
assistance and training, and communications. 

In the event of dissolution, the articles of incorporation provide that the residual assets of 
the organization will be turned over to one or more tax exempt organizations or to the 
federal, state or local government for exclusive public purpose. 

2. Summary of Significant Accounting Policies 

The financial statements of IFDC have been prepared on the accrual basis of accounting. 
The accounts of IFDC are maintained in accordance with the principles of fund accounting 
to ensure the observance of limitations and restrictions placed on the use of resources 
available to IFDC. The following is a summary of significant accounting policies followed 
by IFDC: 

Grants - Grants are recorded as receivable in full at the date of the grant award with the 
revenue recognition deferred until corresponding expenses have been incurred. Revenue 
from recoverable project costs is recognized as the related project costs are incurred. Grant 
revenue is restricted to the extent it is to be used in accordance with the purpose specified 
by the grant. Restrictions generally include a specified project or goal within a particular 
geographic region. 

Cash and Clsh Equivalents - IFDC considers all highly liquid investments purchased 
with an original maturity of three months or less to be cash equivalents. 

Short-Term Investments - Short-term investments, which consist of bank certificates of 
deposit, are recorded at cost, which approximates market value. 

Supplies Inventory - Inventories of supplies are valued at the lower of cost or replacement 
cost. The first-in, first-out method is used to determine the inventory cost. 

Buildings and Equipment - Buildings and equipment are recorded at cost. Major renewals 
and betterments are capitalized; maintenance and repairs are charged to operations as 
incurred. Depreciation is provided on the straight-line method over the estimated useful 
lives of the assets ranging from three to thirty-five years. When items of buildings or 
equipment are sold or retired, the related cost and accumulated depreciation are removed 
from the accounts and any gain or loss is included in the results of operation. 
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Notes to Financial Statements, Continued 

Accrued Annual and Sick Leave - Annual and sick leave accrue at the monthly rate of 16 
hours and 8 hours, respectively. Employees may carry forward annual leave up to a 
maximum of 384 hours. Annual leave in excess of 384 hours can be converted to sick 
leave, until accrued sick leave reaches 1,200 hours. Thereafter, only earned sick leave will 
be accrued. Upon termination, employees are paid for accrued annual leave up to 384 
hours. All unused sick leave is forfeited upon termination. 

Income Tax Status - IFDC has a tax determination letter from the Internal Revenue 
Service stating that it qualifies under the provisions of Section 501c(3) of the Internal 
Revenue Code and is exempt from federal income taxes. 

Foreign Currency - IFDC records transactions denominated in foreign currency on a 
monthly basis, using the average monthly exchange rate. Bank accounts denominated in 
foreign currency are translated as of the ending balance sheet date using the current 
exchange rate. 

Reclassifications - Certain reclassifications have been made to the 1993 financial 
statements to conform with the 1994 presentation. These reclassifications had no impact on 
fund balance or the deficiency of revenue over expenses. 

Functional Expenses - The costs of providing the various programs and other activities 
have been summarized on a functional basis in the Statements of Functional Expenses. 
Accordingly, certain costs have been allocated among the following programs and 
supporting services that benefit from such costs: 

a. 	 Field Programs - The departments are located primarily in Africa and Asia and 
specialize in problems indigenous to these regions. 

b. 	Research - The department is responsible for assisting in identifying and alleviating soil 
fertility and plant nutrient management constraints to agricultural productivity in less 
developed countries in an economic, equitable, sustainable, and environmentally 
appropriate manner. 

c. 	Outreach - The department is responsible for assisting in the transfer of technology to 
less developed countries through information development, collection, analysis and 
reporting and human resource development. 

d. 	Administrative - The department is responsible for the overall operation of IFDC 
including setting priorities and policies, managing all fiscal activities, implementing new 
programs and supplying support services to assist all of IFDC. 

74
 



Notes to Financial Statements, Continued 

3. Operating Leases 

IFDC leases certain of its office equipment under agreements classified as operating leases. 
The lease terms expire in 1996. Future minimum lease payments under operating leases 
having noncancelable terms ofmore than one year are as follows: 

1995 $ 36,591 
1996 12,197 

$ 48,788 

Rent expense under these leases was approximately $37,000 for the years ended December 
31, 1994 and 1993. 

4. Grants 

Grants for the years ended December 31, 1994 and 1993 are summarized as follows: 

1994 
Restricted Unrestricted 

1993 
Restricted Unrestricted. 

Grants received: 
United States Agency for International 

Development (AID) 
Federal Ministry of Agriculture Nigeria 
World Bank 
Centre de Cooperation Internationale 

en Recherche Agronomiqu( pour le 
Development (CIRAD) 

$ 166,892 
$ 1,976,000 

600,000 

$ 15,365,921 

83,552 

$ 2,500,000 

860,000 

166,892 2,576,000 15,449,473 3,360,000 

Amounts deferred during the prior year 5,875,054 1,684,428 7,297,347 1,880,000 

6,041,946 4,260,428 22,746,820 5,240,000 

Less: amounts deferred to future periods 
Other adjustments 

(1,258,988) 
(915,394) 

(1,242,450) (5,875,054) 
(1,938,717) 

(1,684,428) 

Revenue recognized in current period $ 3,867,564 3,017,978 

3,867,564 

$ 14,933,049 3,555,572 

14,933,049 

Total restricted and unrestricted $ 6,885,542 $ 18,488,621 

Other adjustments in 1994 consist primarily of the write-off of a previously recorded 
deferred revenue amount related to AID procurement grants for which total funding was not 
required for project completion. Other adjustments in 1993 consist primarily of the 
write-off of a previously recorded deferred revenue amount related to a World Bank grant 
for which funding was canceled during 1993. 
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Notes to Financial Statements, Continued 

In addition to grant amounts deferred to future years, as indicated above, deferred revenue 
at December 31, 1994 and 1993 includes $113,153 and $65,405, respectively, of cash 
collected on reimbursable cost projects for which revenue has not been recognized. 

During 1993, IFDC received restricted grants from AID of approximately $15,366,000. 
Approximately $15,352,000 of such grants related to feed procurement and technical 
assistance in Eastern Europe. 

During 1994 and 1993, IFDC received unrestricted funding from AID in the amount of 
$1,976,000 and $2,500,000, respectively, which reprcsents approximately 75% of IFDC's 
unrestricted funding. 

Amounts 
follows: 

receivable from donors at December 31, 1994 and 1993 are summarized as 

Restricted 
1994 

Unrestricted Restricted 
1993 

Unrestricted 

AID 
International Development 

Research Centre 
Directoraat Generalaal Voor 

Internationale Samenwerk
(Netherlands) 

ing 

$ 498,357 

175,809 

$ 656,000 $4,503,906 

104,484 

976,260 

$ 842,428 

$ 674,166 656,000 $5,584,650 842,428 

674,166 5,584,650 

Total restricted and unrestricted $ 1,330,166 $ 6,427,078 

5. Implementation of SFAS 116 and 117 

Effective for financial statements issued for fiscal years beginning after December 15, 1994, 
IFDC will be required to implement Statement of Financial Accounting Standards (SFAS) 
No. 116, "Accounting for Contributions Received and Contributions Made," and SFAS No. 
117, "Financial Statements of Not-for-Profit Organizations." The most significant 
provision of SFAS No. 116 is the recognition of pledges in the financial statements. SFAS 
No. 117 requires a change in the display of financial statements from those based on fund 
accounting to a display based on the concept of "net assets." The impact of these 
pronouncements has not been determined. IFDC plans to adopt these standards for the year 
ended December 31, 1995. 
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IFDC Board of Directors
 
(as of December 31, 1994) 

Chairman 
Dr. W. David Hopper (Canada) 

Senior Vice President 

Haldor Topsoe, Inc. 

Washington, D.C. 

U.S.A. 

Vice Chairman 
Mr. Joseph C. Wheeler (U.S.A.) 
Retired - Consultant 
Concord, Massachusetts 
U.S.A. 

Dr. Norman E. Borlaug (U.S.A.) 
President 
Sasakawa Africa Association 
c/o CIMMYT 
Mexico 

Mr. Baba Dioum (Senegal) 
Chef de l'Unite de Politique 

Agricole (UPA) 
Ministry of Agriculture 
Government of Senegal 
Senegal 

Dr. Hiram Grove V. (Chile) 

Executive President 

Institute of Agricultural Research (INIA) 

Chile 


Dr. Ann P. Hamblin (Australia)
 
Director
 
Cooperative Research Centre for 


Soil & Land Management 
Glen Osmond SA 5064 
Australia 

Mr. Luc M. Maene (Belgium) 
Secretary General 
International Fertilizer Industry Association 
France 
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Mr. Gary D. Myers (U.S.A.) 
President 
The Fertilizer Institute 
U.S.A. 

Mr. Pratap Narayan (India) 
Executive Director 
Fertiliser Association of India 
India 

Dr. Christian Pieri (France) 

Ecologist, Agriculture Department 
Natural Resources Division 
The World Bank 
Washington, D.C. 
U.S.A. 

Dr. Bukar Shaib (Nigeria)
 
Former Minister of Agriculture
 
Nigeria
 

Dr. Kunio Takase (Japan)
 
Executive Director
 
International Development Center of Japan (IDCJ)
 

Japan
 

Dr. Robert E. Wagner (U.S.A.)
 
President Emeritus
 
Potash & Phosphate Institute
 

U.S.A. 

Ex Officio Members 
Dr. Amit H. Roy 
President and Chief Executive Officer 
IFDC 

Mr. Vincent McAlister 
Secretary to the Board 
IFDC Legal Counsel 
IFDC 



Staff
 
(as of December 31, 1994)
 

Office of the President 
Amitava H. Roy, President and Chief Executive Officer 
Kaye F. Barker, Budget Officer 
Madeline W. Bevis, Senior Secretary 
Glenda T. Carter, Senior Clerk - Ac:ounting 
Regina S. Harris, Associate Accoutant 
Brenda G. Peden, Senior Clerk - Accounting 
Debra E. Rutland, Executive Secretary 
Debra S. Shedd, Supervisor - Accounting Services 
Joy M. Thompson, Accountant 
Marie K. Thompson, Senior Information Specialist 

Administration and Support 
Services Unit 

Owen W. Livingston, Director 
Sherry R. Bayless, Coordinator - Computer Services 
Jacqueline A. Berrens, Associate Librarian 
Elizabeth B. Bosheers, Associate Clerk - Mail/Stock 
Charles E. Butler, Associate Photographer 
Linda B. Cornatzer, Word Processor' 
Doyce E. Couch, Senior Technician - Maintenance 
C. David Edwards, Personnel Officer 
Brenda S. Elmore, Senior Word Processor' 
Janice C. Gautney, Senior Word Processor 
Jane L. Goss, Senior Word Processor 
Alicia K. Hall, Senior Word Processor 
Amber N. Hammock, Secretary/Personnel Clerk 
Jeffrey A. Harris, Associate VAX Systems Manager 
Gary L. Hines, Associate Technician - Maintenance' 
Vickie J. Hollandsworth, Senior Word Processor' 
W. Diane Kasmeier, Purchasing Officer 
James M. Kelly, Senior Purchasing Officer 
Terry L. McGee, Graphics Illustrator 
Faye W. Predmore, Receptionist 
Jean S. Riley, Librarian 
Johnnie W. Riley, Coordinator - Maintenance Services 
Elizabeth N. Roth, Senior Editor 
Flora M. Rudolph, Graphics Illustrator 2 

Carol S. Slaton, Clerk - Files 
James C. Starkey, Graphics Illustrator' 
Marie R. Stribling, Supervisor - Word Processing/Graphics 
Kristi H. Tays, Specialist - Data Management 
Michael 0. Thompson, Visitor Relations Officer 
Donna W. Venable, Senior Word Processor 
David B. Wright, Technician - Maintenance 
Lynda F. Young, Senior Word Processor/Graphics 

Illustrator 

Research and Development Division 
Carlos A. Baanante, Director 
E. Rick Austin, Coordinator - Analytical Services
 
Walter E. Baethgen, Scientist - Soil Fertility/Biometrics
 
Karen S. Billingham, Senior Analyst - Laboratory
 
Walter T. Bowen, Scientist - Systems Modeling (Soil
 

Fertility)
 
James E. Brink, Technician - Geographic Information
 

Systems 
Balu L. Bumb, Senior Scientist - Economics 
Bernard H. Byrnes, Scientist --Soil Fertility 
Celia J. Calvo, Analyst - Laboratory 
Gildardo Carmona, Coordinator - Greenhouse Services 
Sen H. Chien, Senior Scientist - Soil Chemistry 
John T. Colagross, Technician - Electronics 
Ronnie L. Faires, Senior Technician - Greenhouse 
Delilah A. Forsyth, Senior Secretary' 
Dennis K. Friesen, Senior Scientist - Soil Fertility 
Deborah T. Hellums, Scientist - Systems Modeling (Soil 

Fertility) 
Julio Henao, Senior Scientist - Biometrics 
Vaughn K. Henry, Technician - Greenhouse 
R. Gary Howard, Senior Analyst - Laboratory 
Vanessa E. Keel, Senior Analyst - Laboratory 
Benjamin C. Malone, Senior Analyst - Laboratory 
Raman G. Menon, Senior Scientist - Soil Fertility 
Nancy B. Potter, Senior Secretary 
Narayan K. Savant, Senior Scientist - Soil Chemistry' 
Upendra Singh, Senior Scientist - Systems Modeling (Soil 

Fertility) 
Henry Ssali, Senior Scientist - Soil Fertility' 
M. Patricia Stowe, Senior Clerk - Data Entry 
B. Keith Tays, Analyst - Laboratory 
Thomas P. Thompson, Senior Scientist - Rural Sociology 
Philip K. Thornton, Senior Scientist - Systems Modeling 

(Economics) 
Wan Xia, Data Analyst 
Paul W. Wilkens, Scientist - Programmer 

Outreach Division 
James J. Schultz, Director 
Loren E. Ahlrichs, Senior Specialist - Marketing 
John H. Allgood, Senior Specialist - Marketing/Agribusiness 
Bobby W. Biggers, Senior Technician - Production Services 
William S. Blankenship, Technician - Production Services 
Robert C. Bosheers, Coordinator - Production Services 
Michael W. Chafin, Technician - Production Services 
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Ray B. Diamond, Chief of Party - Albania, Management 
Information Systems/Technology Transfer Specialist 

Thomas E. Evers, Senior Technician - Production Services 
Claude C. Freeman, III, Marketing Training/Specialist 
Frances H. Glover, Senior Secretary 
D. Ian Gregory, Senior Specialist - Marketing/Financial 

Analyst 
Gene T. Harris, Senior Specialist - Marketing/Economics 
Zahedur R. Kazi, Liaison Officer 
Deborah B. King, Senior Secretary 
Maurice 0. Klein, Business Specialist/Special Project 

Engineer' 
Talaat A.B. Lawendy, Senior Specialist - Mineral 

Processing 
J. Ramon Lazo de la Vega, Specialist - Engineering 
John G. Litschauer, MIS Specialist 
N. H. Majurnder, Credit and Financial Specialist 
T. Alan Nix, Specialist - Production/Marketing 
Jorge R. Polo, Senior Specialist - Engineering/Investment 

Analyst 
David W. Rutland, Specialist - Physical Properties/ 

Environmental Regulations 
Surjit S. Sidhu, Principal Economist 
Linda W. Trousdale, Data Analyst 
Steven J. Van Kauwenbergh, Specialist - Geology 
Donald R. Waggoner, Chief of Party - Romania 
Catalino C. Yaptenco, Jr., Senior Specialist - Marketing/ 

Credit 
Donald C. Young, Senior Specialist - Engineering 

Human Resources Development Unit 

Ram S. Giroti, Coordinator - Human Resource 
Development Unit 

Daris H. Belew, Secretary
Evelyn V. Freeman, Secretary 
Jimmy L. McGee, Technician 

Asia Division 

Curtis H. Slover, Credit Consultant' 

IFDC-Africa 

A. Uzo Mokwunye, Director 
Konadu Acheampong, Sciuntist - Sociology 
Ketline M. Adodo, Editor 
Reine Adorgloh, Research Assistant 
Kossivi Elessessi Adze, Secretary 
Isabelle Adzoh, Administrative Secretary 
Komi D. Adzomada, Administrative Officer 
Edi Afegbedzi, Administrative Assistant 
Akouvi Agbeve-Lawson, Receptionist/Switchboard 

Beatrice Aguessou, Janitor 
Komlavi Allaglo, Receptionist' 
Kossi Amegnido, Driver 
Kodjo Amelamedi, Field Technician 
Irene Anthony, Secretary 
John Ayikpe, Driver 
Francis Azorbly, Maintenance/Technician 
Andr6 M. Bationo, Senior Scientist - Soil Fertility 
Dodzi Biakou, Janitor 
Comlanvi Bodjrenou, Research Assistant 
Kossi Dahoui, Associate Scientist - Economics 
Pierre Dejean-Tchpao, Hard and Software Manager 
Niama N. Demb l1, Rockefeller Foundation Fellow 
Souleymane Diouf, Specialist - Marketing 
Folly Dosseh, Electronics Technician' 
Dodji Dovi, Secretary 
Kossi Dzekpo, Guard (Field) 
Danlo Edihe, Driver 
Koffi Favide, Field Technician 
Yawovi Fianyo, Mechanic 
Irene Gaye, Financial Officer 
Henny G.M. Gerner, Scientist - Economics/Data Base 

Manager 
Barthelemy Honfoga, Research Assistant 
Folly Houessou, Guard (Field) 
Kossivi Koukoude, Field Technician 
Cune Koulekey, Librarian 
Vivon Mawugbe, Driver 
Komi Moussa, Janitor 
Amoui N'Danu, Research Assistant i 

Dodji Oda, Driver 
Daniel Pierre, Scientist - Soil Fertility' 
Ahli K. Pinto-Toyi, Coordinator - Field Services 
Dennis Pouzet, Agricultural Economista I 

Joseph Sedgo, Scientist - Soil Fertility'
Mabel Suppey, Secretary 
Ali Witta Tchamsi, Janitor 

Jacob F.Teboh, Scientist - Economics 
Amivi Tsikplonou, Ji nitor 
Kokouvi Tsogbe, Field Technician 
Cinty Visker, Associate Expertb 
Pim Volkert, Associate Expertb 

Komlan Wogomebu, Accountant 

1. Left during 1994. 
2. Extended leave. 
a. Seconded to IFDC by Centre de Cooperation 
Internationale en Recherche Agronomique pour le 
D~veloppement. 
b. Seconded to IFDC by Directoraat Generaal Voor 
Internationale Samenwerking (Netherlands). 
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IFDC's Offices 
(as of August 1995) 

IFDC Headquarters IFDC/IRRI 
P.O. Box 2040 P.O. Box 933
 
Muscle Shoals, Alabama 35662 Manila
 
U.S.A. PHIIUPPINES 
Telephone: 205-381-6600 Telephone: (63+2)8181926

Telex: 810-731-3970 Telex: ITT 45365 RICE INST PM
 
Telefax: 205-381-7408 Telefax: (63+2)8178470 or (63+2)8182087
 

Other IFDC Offices Eastern EuropeAfrica EsenErp 

IFDC-Africa IFDC/Albania 
B.P.4483 The Enterprise of Administrative and Public Services 
Lom6 Building, 3rd Floor 
TOGO Rruga "Kongresi i Permetit" 
Telephone: (228)217971* Tirana 
Telex: 5416 CIFDC TG ALBANIA 
Telefax: (228)217817 Office Telephone/Fax: (355+42) 23633 
IFDC/BurkinaFaso Office 
 
Unit6 de Gestion de la Fertilit6 IFDC/Romania


des Sols (U.G.F.S.)/IFDC-A c/o D-L Office
 
01 BP 1626 Bucharest 
Ouagadougou 01 ROMANIA 
BURKINA FASO 
Telephone: (226)341902/03* Telephone: (40+1)3111286/6504672 
Telefax: (226)341901 Telefax: (40+1)3111286/6504672 
IFDC/ICRISAT Sahelian Center Latin America 
BP 12404 
Niamey IFDC/CIAT
NIGER Apartado Areo 6713 
Cable: ICRISAT, Niamey Cali 
Telephone: (227)722529/722725/723697* COLOMBIA 
Telex: 5406 NI Telephone: (57+2)4450-000 or (305)592-4249
Telefax: (227)734329 (U.S.A. Directory) 
Asia Telex: 05769 CIAT CO.ITT 
IFDC/Dhaka Telefax: (57+2)4450-273 or (305)592-4869 
GPO 3044 (U.S.A. Directory) 
Dhaka IFDC/UNDP Project 
BANGLADESH J. Barrios Amorin 870 Piso 3 
Telephone: (880+2)88562t or 885620 Montevideo 11200 
Telefax: (880+2)883079 URUGUAY 
IFDC/Asia Division Telephone: (598+2)423357/58/59 
House No. 121 Telefax: (598+2)423360 
Block-F, Road No. 1 
Banani Model Town IFDC/PEQUIVEN
Dhaka Filial de Petr6leos de Venezuela 
BANGLADESH Moron-Edo. Carabobo 
Telephone: (880+2)886109 or 605460 VENEZUELA 
Telefax: (880+2)883102 Telephone: (58+42)609315 
.Please note: Burkina Faso, Niger, and Togo do not have city codes. Telefax: (58+42)609336 
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Acronyms and Abbreviations
 

ACCT Agence de Cooperation Culturelle IBSNAT International Benchmark Sites 

AFADA 
et Technique 
Albanian Fertilizer and Agricultural 

Network for Agrotechnology 
Transfer 

Inputs Dealers Association ICASA International Consortium for 
AFTMIN African Fertilizer Trade and Agricultural Systems Applications 

Marketing Information Network ICRAF International Centre for Research 
AIDAB Australian International in Agroforestry 

Development Assistance Bureau IER Institut d'Economie Rural 
APPI Asosiasi Produsen Pupuk Indonesia IFA International Fertilizer Industry 
AS Ammonium Sulfate Asscciation 
ATDP Agrobased Industry and Technology IFDC International Fertilizer 

Development Project Development Center 
AVRDC Asian Vegetable Research and INIA Instituto Nacional de Investigaci6n 

BNF 
Development Center 
Biological Nitrogen Fixation IRRI 

Agropecuaria 
International Rice Research 

CENA Center for Nuclear Energy in Institute 
Agriculture LSF Lac Superphosphate Factory 

CIAT Centro Internacional de Agricultura MAP Monoammonium Phosphate 

CIMMYT 
Tropical 
International Maize and Wheat 

MIS 
MOAF 

Management Information System 
Ministry of Agriculture and Food 

Improvement Center NOAA National Oceanic and 
CMDT Compagnie Malienne pour le Atmospheric Administration 

Developpement des Textiles ORSTOM Office de la Recherche 
CORPOICA Corporaci6n Centro de Scientifique et Technique de 

Investigaciones Agropecuarias Outre-Mer 
DAP 
DGIS 

Diammonium Phosphate 
Directoraat Generaal voor 

PAPR 
PEQUIVEN 

Partially Acidulated Phosphate Rock 
Petroquimica de Venezuela 

EPA 
Internationale Samenwerking 
Environmental Protection Agency 

SARA Support for Agricultural 
Restructuring in Albania 

EROS Earth Resources Observation SFMU Soil Fertility Management Unit 
Systems SOFITEX Soci~t6 Burkinabe de Fibres et 

FAI Fertiliser Association of India Textiles 
FAO Food and Agriculture Organization SSP Single Superphosphate 

of the United Nations TFI The Fertilizer Institute 
FASCOM Farmers Services Companies TPR Tilemsi Phosphate Rock 
FDI Fertilizer Distribution Improvement TSP Triple Superphosphate 
FEWS 
FNFF 

Famine Early Warning System 
Fier Nitrogen Fertilizer Factory 

TVA 
USAID 

Tennessee Valley Authority 
U.S. Agency for International 

GDP 
GIS 

Gross Domestic Product 
Geographic Information System USDA 

Development 
United States Department of 

GOA Government of Albania Agriculture 
IARCs International Agricultural Research WAFMEN West African Fertilizer Management 

Centers and Evaluation Network 
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