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Tenth Anniversary Edition Dedicated to Travis R Hignett, 
Special Consultant to the Managing Director 

It is with pleasure that we dedicate 
this tenth anniversary edition oi the 
IFDC Annual Report to Mr. Tra/'O P. 
Hignett, Special Consultant to the 
Maraging Director. 

Since the creation of IFDC 
Mr. Hignett has devoted many long 
hours toward the work of the Center. 
His assistance to IFDC has covered 
various areas of endeavor. Even before 
there was an IFDC, Mr. Hignett traveled 
many miles and devoted his time, 
talents, and experience to helping 
developing countries soive their food 
production problems through the pro­
duction and use of more efficient fer­
tilizers. His helpiul guidance during the 
formative years was amajor factor in 
the Center's successful beginning. 

Besides conducting and directing 
developments at the Tennessee Valley 
Authority's National Fertilizer Develop­
ment Center and later at IFDC that led 
to many advances by the chemical fer­
tilizer industry, this world-renowned fer­
tilizer authority has devoted much time 
to putting his ideas and results into 
writing. With approximately 150 
publications to his credit, Mr. Hignett 
can take pride inbeing amaster crafts­
man at writing and an effective 
communicator. 

For a down-to-earth approach to a 
problem or project, younger scientists 
at IFDC and visitors to the Center from 
around the world come to Mr. Hignett 
and benefit from his sage advice. 

"For your tireless and selfless devotion to IFDC since its inception, we say 'Thank you, Mr. Hignett.' We are indeed for­
tunate to have someone of your caliber among us." 

Thb ,anagement and Staff of IFDC 



Looking Back at IFDC's Beginnings
 
by Travis P Hignett 

The beginnings of IFDC were strongly in-
fluenced by the experiences of the National 
Fertilizer Development Center (NFDC), a 
branch of the Tennessee Valley Authority 
(TVA). By 1960 NFDC had become well 
known throughout the world as a center of 
fertilizer technology and especially for 
development of new or improved products 
or processes. However, NFDC was restricted 
by law or its interpretation to activities 
that would benefit the farmers and people 
of the United States except for projects ru-
quested (and financed) by other U.S. 
Government agencies. The U.S. Agency for 
International Development (USAID), a part 
of the U.S. State Department, was keenly 
aware of the need for help to assist the 
many developing nations to improve their 
agriculture, and they recognized the impor-
tant role of fertilhers in agrictuture. USAID 
frequently consulted with TVA about how 
to meet the growing needs of the developing 
world. 

One of th,_ first big jobs was to help 
South Korea establish a fertilizer industry, 
At the request of USAID, TVA sent a team 
of two engineers and one agronomist to 
South Korea for several weeks in 1963; their 
report evaluated the needs and recommend-
ed the kinds of facilities needed. The project 
was carried out by industrial firms and 
became quite successful. South Korea now 
produces as much fertilizer as it needs and 
exports some; its agriculture is among the 
most productive in Asia or the world. 

Requests for help by developing countries 
came with increasing frequency during the 

1960s and early 1970s; they involved 
various aspects of fertilizer: technology, 
marketing, economics, agronomics, and 
predictions of supply and demand. Such re-
quests were usually channeled and financed 
through USAID and coordinated at TVA by 
Dr. Donald L. McCune, then Director of the 
NFDC international staff. The work often 
required a team of two to four people to 
visit a developing country for 2-8 weeks, 
and the team members were selected by the 
heads of the different groups comprising 
NFDC-research, development, operations, 
design, agricultural development, etc. We, at 
TVA, who were required to make these 
selections found it increasingly difficult to 
find the best qualified people for each job 
because each of our staff was assigned to 
NFDC (national) projects and the TVA 
Board of Directors of that time insisted 
that TVA's program should have pricrity 
over overseas work. 

The requests for help swelled with the 
alarming food and fertilizer shortages and 
skyrocketing prices that began in 1913 and 
were generally thought to be causel by the 
oil crisis although the neglect of ,:griculture 
by some developing-country governments 
may have contributed to the food crisis. The 
problem became a matter of international 
concern. In April 1974 Henry Kissinger, the 
U.S. Secretary of State, addressed the 
General Assembly of the United Nations 
and proposed an international effort sup-
ported by the United States to improve 
fertilizer for developing countries. This idea 
met with ready acceptance, and several 
alternative proposals were put forth. In 

view of TVA's success in fertilizer develop­
ment, both national and international, md 
in further view of the excellent facilities 
available at TVA, it was decided to locate 
th3 center in Muscle Shoals, Alabama, on 
land offered by TVA adjacent to the NFDC. 
However, it was decided to make the center 
truly international and not an agency of the 
U.S.Government although funds for 
establishing the facilities were provided by 
the United States as promised. This ar­
rangement was much less costly than set­
ting up a new center elsewhere and enabled 
activities to begin much sooner. In fact 
while the plans were still being discussed, 
TVA continued its international activities 
supported by USAID. During 1974 1(hay­
ing ru~ired from TVA) participated in fer­
tilizer industry planning missions in the 
Philippines, Indonesia, and Pakistan. 

In October 1974 IFDC was established as 
a private, nonprofit corporation under 
Alabama law (later designated as a non­
profit public international organization), and 
Dr. McCune became the Managing Director. 

Operating in temporary offices in a bank 
building and a small TVA laboratory 
building (formerly aTVA Medical Center), 
JFDC began recruiting a staff in 1975. We 
were able to start some laboratory work in 
the temporary facilities. For example, bench­
scale phosphate rock beneficiation facilities 
were set up in a former medical laboratory 
and even a small granulation pilot plant 

"eA Decade of Progress, 1975.85"
 



was located inagarage that formerly 
housed an ambulance. 

IFDC was started with only a few people, 
mostly drawn from TVA by mutual agree-
ment among IFDC, TVA, and the in-
dividuals concerned. Naturally, TVA did not 
wish to lose many of its staff, and IFDC 
wanted to build an international staff as 
rapidly as qualified people from other coun-
tries could be hired. 

Meanwhile, we were planning our new 
buildings-a main building with research 
laboratories, offices, a training center, a 
small greenhouse, and a small library (we 
were allowed access to TVA's excellent 
library and contributed to its support). 
Another building housed pilot plants and 
associated offices. Our building program 
was based on aplanned staff of some 65-70 
employees of which 35-40 would be 
technical people. Now that we have some 
180 employees we may be abit cramped, 

Ii
 

but quite a fey, are stationed at other 
centers overseas, 

IFDC isthe first international agri-
cultural research center that was estab-
lished to work on an input to agriculture, 
All other international centers work on out-
puts to agriculture either on specific crops 
or on animal problems. 

IFDC was set up inrecognition that the 
temperate-zone agriculture could no longer 
be counted upon to feed aworld population 
that continues to grow by 80-90 million pea-
ple per year. It was recognized that ifthe 
world was to be fed most of the food must 
be produced inthe countries where itis 
com uned. 

Historically, the tropics and subtropics-
tha target arpa of IFDC-are having in-

-, 


-__ f 

creasing difficulty inproducing enough food 
to feed their people. This largely results 
from the fact that tropical soils are natively 
quite infertile. However, evidence is now 
accumulating that amore productive 
agriculture can exist inthe tropics if soil 
fertility issupplemented and replaced on a 
continuing basis. The potential for a long­
growing season or year-round agriculture 
wherever rainfall is adequate or irrigation 
potential exists greatly adds to the food 
production potential of the tiopics. 

It iswith great satisfaction that I look 
back on the overseas missions and meetings 
indeveloping countries and recall the 
eagerness of the people to learn. Itwas a 
pleasure to be able to give them useful in­
formation or tell them where to find it. 

Many of these people are 
following plans that our 
teams made some 10 
years ago even though 
some changes inplans 
were made-probably for 
good reasons. 

'9 -- ~'L* -\ 



Report From the Management 

During the year 1984, inagricultural development circles itwas brought 
home to us again that if the developing world isto feed itself, long-term 
strategies must be developed and implemented to help these countries 
become more self-sufficient infood production. As iswe!! recognized, one 
of the keys to this self-sufficiency is increased and efficient use ol ap­
propriate fertilizers. 

The International Fertilizer Development Center stands ready to meet 
this challenge and during 1984 furthered its mission of "developing more 
efficient fe,,Lilizers and fertilizer practices to increase food production in 
the developing countries especially in the tropics and subtropics." 

The Center's research program made new strides inthe development 
and application of fertilizer technology. For example, through the Center's 
continued r.-search to develop means of controlling losses of fertilizer 
nitrogen, new inhibitors were synthesized. It ishoped that these new in­
hibitors (chemicals to prevent or slow down losses of fertilizer nitrogen) 
will provide developina-cuntry farmers with a cost-effective means of 
reducing their losses of fertilizer nitrogen and, thus, help to place more 
food on their tables. 

Another very practical part of IFDC's work is in the field of phosphate 
research. This component of the research program ishelping developing 
countries find ways to use one of their natural resources-phosphate 
rock-to produce fertilizer that can, in turn, help feed their people. The 
past year at IFDC saw the advancement of several cost-effective ap­
proaches to phosphate fertilizer production. 

During 1984 IFDC's national program component continued to progress 
and expand. This component seeks to ensure that the fertilizer technology 
developed by IFDC is indeed appropriate to the needs of the countries 
for which it isintended. Through cooperative work with various national 
agencies of developing countries, including at present Bangladesh, Co­
lombia, Indonesia, and Mali, IFDC inpartnership with national researchers 
actually conducts "on-the-scene" evaluation of the technology produced 
by its research and development programs. 

Our activity inthe technical assistance area during 1984 was centered 
primarily inAfrica with other projects conducted inAsia and Latin America, 
as well. Because it seeks to solve problems facing the developing-country 
fertilizer sector, this phase of our activities represents avery practical, down­
to-earth applicadon of IFDC's developments infertilizer technology. 

Our training programs continue to play avital role inhelping to transfer 
technology produced by IFDC and other research and development groups. 
By enhancing the knowledge and capabilities of fertilizer-sector person­
nel of developing countries, IFDC's traininq programs are helping to en­
sure that the Center's accomplishments in fertilizer research and 
development will be effectively and efficiently implemented inthe develop­
ing world. During 1984 through its eleven group training programs, the 
Center added 258 more people from 45 developing countries to the ranks 
of IFDC training alumni. 



As IFDC enters its 10th year, it does so with a feeling of satisfaction. 
The food situation inmost countries of Asia and Latin America has vastly 
improved over that of a decade ago. The increased availability and use 
of fertilizer have been major contributing factors. IFDC isfortunate to have 
played a role in this change. However, as encouraging as these im­
provements may be, the worsening food situation inAfrica illustrates the 
severity of the struggles still facing many countries. Even with the favorable 
situations that now prevail, Latin America and Asia are still very much in 
a delicate balance where poor policy choices or shifts inweather could 
again plunge those areas into food shortages. IFDC will intensify its ef­
forts to help ensure that fertilizers are used more extensively and efficiently. 

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

Aerial view of/IFDC (foreground) &nd NFDCfTVA (background). 
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Research Program
 
Even though fertilizer consumption inthe developing coun-

tries increased by nearly 140% during the past 10 years (from 
22% to 35% of total world consumption), more rapid advances 
inthe agricultural sector must be made ifthe everburgeoning 
population of the developing world isto be fed. World popula-
tion during 1983 reached 4.7 biilion, with 74% of this total liv-
ing inthe developing countries. According to some projections 
by the year 2000 world population will reach 6.3 billion, with 
78% of this total residing inthe developing world. To help feed 
this ever-increasing world popula-
tion, tropical and subtropical soils 
must supply alarge share of food. 
Food supplies will need to be in-
creased by 50% by the year 2000 
and by 100% some 15 or 20 years 
later. 

To increase food production, 
arable land must be cropped 
more intensively. Of the agricul- 
tural technologies used to in-
crease food production rapidly, 
the most effective one is in- 
creased use and efficiency of fer-
tilizers. To achieve this end, IFDC *.: 

was founded to serve the fertilizer 
needs of the developing countries, 
especially those of the tropics an6 
subtropics. 

IFDC's overall research pro-
gram during 1%4 was primarily 
focused on nitrogen, phosphorus, 
and sulfur Additional research 
was conducted on multinutrient fertilizers and the 
socioeconomics of fertilizer use. 

During 1984 our scientists furthered their research on im-
proved efficiency of fertilizur nitrogen. Various forms of 
modifiea urea were prepared for agronomic testing. Inaddi-
tion, IFDC continued its research on inhibitors (chemicals to 
control losses of fertilizer nitrogen) and improved fertiliation 
practices. 

IFDC's phosphate research program continued its mission 
to assist developing countries inmaking better use of their 
indigenous fertilizer resources. Several cost-saving ideas, 
such as partially acidulated phosphate rock, were advanced 

still further. Anumber of experimental products were produced 
for agronomic testing on experiment stations and farmers' 
fields. Several special research and development projects 
were carried out on areimbursable basis for fertilizer com­
panies or developing-country governments. 

To meet the need for multinutrient fertilizers indevelcping 
countries, IFDC devoted considerable effort to the production 
of various nutrient combinations of nitrogen, phosphorus, and 
potassium during 1984. 

To help alleviate the increasing 
sulfur deficiency intropical agri­
culture, IFDC soil scientists con­
ducted various studies to evaluate 
the potential use of elemental 
sulfur mixed with nitrogen and/or 
phosphate fertilizers as asulfur 
source for crop production. 

During 1984 work was complet­
ed on astate-of-the-art appraisal 
of micronutrient research intropi­
cal agriculture. The resulting 
publication, scheduled to be 
released in1985, evolved out of a 
study tour of 20 tropical countries 
conducted during 1982/83 to 
assess their micronutrient 
problems. 

Socioeconomic research con­
tinued to gather information need­
ed for the establishment of 
research and development 
policies. IFDC's economics and 

sociological research has developed into four major work 
areas: afertilizer evaluation progr .Jinformation system, 
computer simulation modeling, fertilizer adoption, and market 
situation and outlook. 

Ifrankind isto meet the challenge of feeding the predicted 
population of the year 2000, agricultural research must be in­
tensified. It is crucial that increased attention be focused on 
the development and transfer of new agricultural technologies, 
including new and improved fertilizer. Since IFDC isat the 
"cutting edge" of research and development of new and im­
proved fertilizers, the Center stands ready to meet the 
challenge.
 



Nitrogen Research 

During 1984 IFDC scientists contin-
ued their efforts to understand better 
the mechanisms and magnitude of 
nitrogen losses and to develop cost-
effective methods for improving the ef-
ficiency with which nitrogen is used. 
Early in IFDC's program development 
it was recognized that the fertilizer 
nutrient nitrogen was not being used 
eficiently, especially in Asia where 
urea is the predominant fertilizer. 

To illustrate the potential impact of 
improved nitrogen use efficiency, urea 
can be used as an example. In 1983/84 
the estimated consumption of nitrogen 
in the form of urea in the developing 
countries was 14 million tons. An aver-
age use efficiency of 40% translates 
into losses of US $3,300 million for 
1983/84. Because the prices of nitro-
gen fertilizer are expected to rise 
sharply in the future, the loss will loom 
even greater. 

Several contrasting approaches to 
solving the problem are currently being 

investigated at IFDC. As an alternative 
to the conventional prilled urea to 
which the developing-country farmer is 
accustomed, IFDC is preparing various 
forms of urea, such as urea supergran-
ules (USG) and chemically modified 
types for agronomic testing. In addi-
tion, IFDC is comparing potentially im-
proved fertilization practices, such as 
deep placement, to increase the effi-
ciency of nitrogen fertilizer. Deep 
placement involves: (1) size modifica-
tion of the urea to facilitate deep place-
ment by hand and (2) a change in 
farmer management. Various groups 
are developing experimental machines 
for deep placing supergranules, con-
ventional granules, and prills. A farmer 
must transplant rice in straight, even 
rows if he uses a machine to deep 
place fertilizer. If he chooses to deep 
place fertilizer by hand rather than by 
machine, the farmer faces a relatively 
high labor requirement. Nevertheless, 
improved agronomic efficiency has 

', 
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Using molecular models, Dr. Ramiro Medina, Enzyme Biochemist, studies the interaction of in-
hibitors and the active site of urease. 

been achieved in more than 1,000 sites 
through the use of deep placement. 
IFDC is attempting to evaluate the total 
deep-placement concept at selected 
sites in developing countries. 

The Center is conducting equally im­
portant research to modify nitrogen fer­
tilizer materials so that farmers will not 
be forced to change their fertilization 
practices. Some examples of this re­
search are: combination of urea with a 
urease and/or nitrification inhibitor, 
various chemically modified forms of 
urea, and controlled-release forms of 
urea. In most cases these new prod­
ucts are undergoing screening tests 
in the laboratory and greenhouse. 
Promising products will be field tested 
during 1985. Emphasis will be placed 
on the economics of production and 
use when sufficient data have been 
obtained. 

Product/Process 
Development and Modification 

IJrease Inhibitors 

Potential New Types-A project to idan­
tify potential new forms of urease in­
hibitors, which was partially sponsored 
by Deutsche Gesellschaft fOr Tech­
nische Zusammenarbeit (GTZ), was 
begun in late 1983. The objective is to 
combine small quantities of a chemical 
with urea to control urease activity and 
thereby control the urea hydrolysis rate. 
Urease is an enzyme that is present in 
soils. When exposed to the soil con­
taining urease, urea undergoes rapid 
hydrolysis (decomposition) to ammonia 
and carbon dioxide. If the ammonia is 
not absorbed by the soil or plant roots, 
substantial losses can occur. Control of 
the rate of ammonia formed by urea hy­
drolysis in rice paddies should lead to 
improved nitrogen use efficiency. The 
new class of inhibitors presently being
developed by IFDC should have more 
stability and lower cost than the urease 

inhibitor phenylphosphorodiamidate 
(PPD), which is being used now. 
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The project focuses on three activi-
ties: (1) chemical synthesis of inhibi-
tors, (2) determination of urease 
inhibition at a constant pH (pH-stat 
method), and (3) initial screening of in-
hibitors through soil incubation studies. 

Promising results have been ob-
tained with some new phosphonitrilic-
based materials (cyclotriphosphaza-
triene derivatives). Substitutions in 
these uompounds should alter the 
stability, effectiveness, and cost. TVA 
and IFDC are characterizing these 
compounds. Equipment is being as-
sembled so that sufficient quantities 
can be produced for field evaluation at 
the International Rice Research Insti-
tute (IRRI) in 1985. 

Synthesis of Phenylphosphorodiamidate- 
IFDC investigated two synthesis proce-
dures in batch laboratory-scale equip-
ment for preparation of PPD. Synthesis 
is based on ammoniation of phenyl-
phosphorodichlorodate (PPDCL), 
whereby PPD and byproduct ammoni-
um chloride are formed. Best results 
(up to 99% theoretical yield) were ob- 
tained by suspending PPDCL in 
chloroform during ammoniation. This 
technique provides a lower cost and 
technically viable alternative for pro­
ducing small quantities of PPD to be 
used in the nitrogen research program. 
However, the cost of PPD is still rela­
tively high; therefore, lower cost, more 
effective substitutes are being sought. 

Urea Supergranules 

Urea particles weighing 1-2 grams 
each intended for deep placement in 
rice paddies are called "supergran­
ules." Agronomic results in Asia con 
tinued to confirm that under most 
soil-cropping-climatic conditions, 
supei granules give a higher rice yield 
than that obtained from multiple sur­
face applications of prilled urea. Most 
tests have been conducted with hand
placement, but experimental machines 
are being developed by IRRI; Fujian 

In a recent study, IFDC technologists 
compared the technical routes for pro-
duction of USG. They evaluated pro-
cesses such as melt granulation (rotary 
drum, pan, and fluid bed) and briquet-
ting and concluded that urea super-
granules produced in a relatively small 
plant (250-500 tpd) will be more expen-
give than urea prills-normally made 
in large plants (1,700 tpd). In large 
plants urea supergranule production by 
melt granulation is more favorable but 
still more expensive than the produc- 
tion of urea prills. Where solid urea 
(dust, prills, or crystals) is available, bri-
quetting is cheaper than melt granula-
tion. A workshop held in Indonesia 
indicated a number of areas that need 
more research and evaluation on the 
technology of production and use of 
supergranules. Further, only limited 
pilot-plant trials (1-2 tph) for super-
granule production by the alternate 
routes have been conducted thus far. 

Synthesis of 15N Urea 

IFDC chemists continued their 
studies of the synthesis of 15N-labeled 

,. 

urea by reaction of 15N-ammonia with 
molten phenylcarbonate. The labeled 
urea is used in numerous agronomic 
studies in Headquarters' greenhouses 
and fields in developing countries. Our 
chemists have purified the material by 
removing the byp,'oduct phenol and re­
crystallizing the crude urea. They ob­
tained a 90% yield of labeled urea; the 
final urea product is 99% urea. 

Urea-Formaldehyde Reactions__ 

IFDC continued its study of the 
mechanisms of urea-formaldehyde re­
actions. The work is important for two 
reasons: (1) formaldehyde is used to 
condition urea in many developed and 
some developing countries to improve 
storage and handling properties and 
(2) urea-formaldehyde reaction prod­
ucts are potential controlled-release 
nitrogen fertilizers. 

During 1984 our chemists used a 
high-performance liquid chromatog­
raphy technique originally developed 
by IFDC to study urea-formaldehyde 
reactions. This technique enabled the 
chemists to isolate and characterize a 

,. 


D. W Rutland, Physical Properties Specialist (left), and J. J. Schultz, Engineering
Aaem by e teeing AgriculuralopedFCoordinator, examine the physical quality of experimental urea supergranules pro.
Academy of Agricultural Sciences, the duced by the briquetting process. 

People's Republic of China; and the 
Netherlands Fertilizer Institute. 
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new compound, biuretmethyleneurea 
(BMU). Depending on reaction condi­
tions of urea with formaldehyde, 
various amounts of the following com-
pounds are normally found: urea, 
biuret, triuret, methylenediurea, BMU, 
and dimethylenetriurea. Small samples 
of 	 urea-paraformaldehyde reaction 
products were also oroduced for green-
house testing. 

Preparation of Experimental

Nitrogen Fertilizers 


A number of experimental nitrogen 
materials were made by the Fertilizer 
Technology Division for agronomic 
evaluation. An evaluation of these 
materials is discussed in the section, 
"Agronomic Research." Materials 
included: 
1. 	 Mixtures of urea and various other 

fertilizer materials, 
2. 	 Urea and paraformaldehyde reac-

tion products of varying 
concentrations. 

3. 	 Urea and experimental urease 
inhibitors, 

4. 	 Various coated products. 
Some of these fertilizers were la-

beled with 15N. 

Agronomic Research 

Rice in South and Southeast Asia-

The main objective of the Lowland 
Nitrogen Program is to improve the effi-
ciency of nitrogen fertilizer used on 
rice. Rice is the staple food for almost 
two-thirds of the world's po-uiation and 
accounts for almost 50% of the total 
cereal production in developing coun-
tries. Newly developed high-yielding 
varieties of rice have become widely 
adopted in Asia and have greatly im-
proved production. However, the new 
varieties yield only slightly more than 
traditional varieties unless more pro-
duction inputs, particularly nitrogen fer-
tilizers, are used as well. Unlike most 
of the traditional- varieties, the new 
varieties are extremely responsive to 
nitrogen fertilization, and frequently 
yield is doubled by the optimum appli-
cation of nitrogen. 

Urea is the principal nitrogen fertil-
izer available in developing countries, 
Losses of nitrogen applied as urea to 
flooded soil can be extremely high. 
Past research conducted by IFDC sci-
entists has shown that nearly one-half 
of the nitrogen can be lost through am-
rnionia volatilization in a few days fol-
lowing fertilization. During 1984, as 
part of the IFDC/IRRI collaborative 

T 

project, IFDC scientists conducted ad­
ditional field experiments in the Philip­
pines using the micrometeorological 
technique for directly measuring 
ammonia volatilization. A recently 
developed technique to directly mea­
sure denitrification losses was used in 
the same field study in the Philippines. 
The technique involves applying urea 
that is 95% labeled with the stable 
isotope of nitrogen (15N). Nitrogen that 
is evolved as nitrogen from denitrifica­
tion is then measured by placing a 
cover over the flooded soil for various 
periods and accumulating denitrified 
nitrogen in the air atmosphere under 
the cover. The total nitrogen under the 
cover is then "fixed" with oxygen (con­
verted to nitric oxide) by use of an elec­
tric arc. After conversion to the fixed 
forms in the laboratory, the amount of 
denitrified fertilizer can be estimated by 
using a mass spectrometer to measure 
the amount of labeled nitrogen in the 
sample. 

Inthis experiment, 53% of the fertil­
izer nitrogen was lost through ammo­
nia volatilization, and only about 1% 
was additionally lost as denitrified 
nitrogen, according to the 15N balance. 
This 1%was accurately accounted for 
by use of the newly developed tech­
nique, which directly measures denitri­
fication. The method demonstrated 
great sensitivity in measuring less than 
1%of the fertilizer nitrogen, and show­
ing a definite diurnal loss pattern. 
Losses began soon after fertilization 
and peaked at 6 days later; after this 
time they decreased. This promising 
technique will be used in future studies 
under conditions in which denitrifica­
tion losses are expected to be greater. 

J. R. Clemmons, Chemist (left); B. W. Biggers,L Chemist; and 0. W Livingston, Director of the 

Fertilizer Technology Division, observe the flow 
pattern of urea in an experimental small-scale 
spouted-l ,pe fluidized bed. 
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Dr. R.J. Buresh, IFDC Soil Scientist stationed at 
IRRI, and Philippine field assistants conduct 
measurements in a rice experiment designed to 
determine the efficiency of nitrogen fertilizer 

Fertilizer Management for Rice 

I S D 0.05Past research by IFDC scientists has 50 ­
shown that the amount of ammonia 
volatilization that will occur from flood- [] Settled Soil 
ed soils fertilized with urea depends on L...J 
the amount of urea dissolved in the 45 ­
floodwater. In turn, the efficiency of Repuddled Soil 
urea incorporation by basal applica- 26 .7 
'ions depends on soil conditions and 40 
the amount of water on the soil when 
the fertilizer is incorporated. This was 
demonstrated in a greenhouse study in " 
which a puddled soil was repuddled , 35 
either 1week or 2 hours before the fer- I 

tilizer was broadcast and incorporated.,, 
Floodwater depths were controlled at 
0, 0.5, and 1.0 cm at incorporation and 30 
for 2 days after the urea application. 1" 
Water was then added to a 2-cm depth 
in all of the treatments. The amount of .. 
urea lost from each of these treatments 0 
(Figure 1) was in,-reased by having 0 cm 0.5 cm 1.0 cm 
more floodwater on th.l soil surface 
and by puddling the soil shortly before D Fe r orporaton 
the fertilizer was added. More urea re­
mained in the floodwater as the water mained inreseodate aspre wae Figure 1. Ammonia Volatilization Losses as Affected by Water Depth and
depth increased, and apparently ab- Condition of Soil at Incorporation, Greenhouse Experiment.
sorption of the nitrogen by the soil was 
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decreased when the soil was repud-
died shortly before the urea 
application, 

Product Evaluation for Rice -

A Urease Inhibitor-IFDC scientists 
have shown that PPD i' the most po-
tent urease inhibitor founu to date. PPD 
inhioits the action of the urease en-
zyme that converts urea to ammonia. 
By slowing the action of this enzyme, 
more of the urea ismaintained as urea 
and not converted to ammonia, which 
can be lost through ammonia 
volatilization, 

It has been difficult to establish a 
clear yield advantage of an experimen-
tal urea treated with PPD over an un-
treated commercial urea product. A 
10% yield improvement is rarely statis-
tically significant, but it may be eco-
nomically important to a farmer. IFDC 
scientists have continued their prelimi-
nary evaluation of PPD. In the past, 
PPD has consistently increased nitro-
gen uptake by the plant and decreased 

ammonia volatilization losses from 
urea applied to field rice. However, rice 
yields were not significantly increased 
under greenhouse or experiment sta-
tion conditions. 

Recent research has shown that de-
layed applications of urea with PPD to 
rice have a positive effect on grain 
yield. A delayed split application of 
urea with PPD resulted in a yield re-
sponse of about one-half ton (Figure 2). 
The delayed split application of urea 
without PPD performed the same as 
the recommended practice of two-
thirds basal incorporation and one-third 
applied at 5-7 days before the panicle 
formation begins. Point placement of 
urea supergranules, the best fertiliza-
tion practice found to date, gave yields 
that were similar to those of the de-
layed split application of urea with 
PPD. IFDC has initiated further re-
search to study the effect of this inhibi-
tor in delayed application, a common 
farmer's practice. 

Great progress was made in 1984 in 
developing new urease inhibitors that 
have a longer or delayed inhibitory ef-

Rice Yield (tons/ha) 

2 

Control 

Urea Alone (farmers' practice) 

Urea With PPD (farmers' practice) 

" 

Recommended Split(/1basally Incorporated, 

I 

Urea Supergranule (point placed) 

3 4 

I 

E 

U 

T IIIwith irrigated rice. Most of the soils in 
V/at 5-7 daysbefore panicle initiation) 	 the wheat-growing area are light tex-

I 	 tured. Rainfall during the post-rainy 
season (October-May) is about 125 mm. Wheat can be grown in the post­

rainy season only if irrigation water is 
available from tubewells or canals. Irri­
gation water is usually applied in six ir­
rigations of 3 inches each (total of 

fect. These materials have been tested 
in laboratory experiments but have not 
as yet been studied in greenhouse and 
field experiments. The materials show 
greatest promise when applied in com­
bination 	with PPD to obtain initial as 
well as long-term urease inhibition. 

Urea-Formaldehyde Fertilizers-In 1984 
several urea-formaldehyde fertilizers 
produced by IFDC were agronomically 
evaluated. Several products containing 
paraformaldehyde were prepared and 
evaluated on wetland rice. Ammonia 
volatilization losses were measured 
directly to determine the potential of 
these materials in reducing nitrogen 
losses from flooded rice systems (Fig­
ure 3). An addition of 12% paraformal­
dehyde to urea reduced ammonia 
volatilization losses by 19% of the ap­
plied fertilizer nitrogen. Although no in­
crease in grain yield was measured, a 
10% increase in nitrogen uptake of ap­
plied nitrogen was observed with the 
addition of 12% paraformaldehyde to 
urea. These materials warrant further 
testing to assess their potential for im­
proving nitrogen fertilizer efficiency in 
wetland rice. 

Fertilizers for Irrigated Wheat 
in the Punjab 

In 1982 under a contract with the In­
dian Council of Agricultural Research 
(ICAR), IFDC began research on irri­
gated wheat in the Punjab, the wheat 
basket of India. This research was con­
ducted incooperation with the Punjab 
Agricultural University (PAU) in Ludhia­
na, India.

In the Punjab wheat is grown on 
about 2.8 million ha, largely in rotation 

Figure 2. 	 Effect of PPD on Delayed Application of Urea (Farmers' Practice) Versus about 460 mm). The locally recom-
Supergranule Application. mended method for nitrogen fertiliza­

tion is split application atier irrigation 
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in order to avoid anticipated losses due 
to leaching. The average rate of nitro­
gen application for irrigated wheat in 
the Punjab is about 114 kg N/ha, and 
the average wheat yield is about 2.7 
tons grain/ha. 

Collaborative experiments between 
IFDC and ICAR/PAU were conducted 
from 1982 to 1984 on irrigated wheat 
grown in the Punjab. One of the main 
objectives of these experiments was to 
determine the effect of timing of irriga-
tion relative to fertilizer application. 
Another objective was to determine the 
effects of source of fertilizer nitrogen on 
its use efficiency and losses. Fertilizers 

used in the experiments included urea, 
urea-dicyandiamide (DCD), urea-PPD, 
and potassium nitrate. Urea is the 
major nitrogen fertilizer used in the 
Punjab. Potassium nitrate was includ­
ed to determine whether leaching of 
nitrates (or denitrification) would be an 
important nitrogen loss mechanism in 
these soils. If so, recoveries of nitrogen 
from potassium nitrate would be 
expected to be lowest and from urea-

60 

50 

40 

C"
 
30
=­

20 

10by 

01 

4 6 8 10 
Time (days) 

DCD (a nitrification inhibitor) to be 
highest among the fertilizers tested in 
the experiment. All fertilizers were split 
applied; the basal application was 
broadcast and incorporated after an 
initial irrigation; and the topdressing 

PfA 

Amoi 
Figure 3. Ammonia 

Volatilization 

Percent Parafor­
maldehyde (PFA)

,Treatment of Urea. 

12 14 

was applied either after (locally recom­
mended practice or before irrigation.
15N-labeled fertilizers were applied to 
microplots (1.44 M2), which were 
sampled at harvest and analyzed for 
total and nitrogen isotope ratio. 

Indian field workers involved in the ICAR/IFDC project 
take soil samples from 15N-treated microplots. 
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Yield data of the 1982183 experiment 
are shown in Figure 4. Analysis of 
variance of these data indicated that: 
1. 	 There was a highly significant 

response to applied nitrogen; the 
agronomic efficiency ranged from 
18.7 to 27.4 kg grain per kilogram 
of nitrogen applied. 

2. 	 Topdressed potassium nitrate gave­
the highest yields in the experi-
ment regardless of whether it was 
applied before or after irrigation. 
These results suggested that 
neither laching of nitrates nor 
denitrificaticn was very important 
under the conditions of the 
experiment. 

3. 	 Timing of irrigation with respect to 
the topdressing of urea fertilizers 
had a significant effect or yield. 
Application of urea before irrigation 
gave about 22% higher yields than 
did application after irrigation. This 
result supported the concluslon 
that leaching of nitrates was not of 
major importance and suggested 
that ammonia volatilization was the 
principal nitrogen loss mechanism 
under the conditions of the 
experiment. 

4. 	 Grain yields in treatments where 
urea-PPD was topdressed after ir-
rigation were about 8% higher than 
where urea or urea-DCD was top-
dressed after irrigation. This result 
supported the conclusion that am-
monia volatilization was probably 
the major nitrogen loss mechanism 
under the conditions of the experi-
ment and suggested that PPD was 
effective in reducing these volatili- 
zation losses, 

Analysis of the 15N data of the ex-
periment confirmed the trends ob-
served in the yield data (Figure 4). 
Losses of fertilizer nitrogen from the 
soii-crop system were negligible for 
potassium nitrate and for urea fer-
tilizers applied before irrigation. These 
losses were considerable--in the 
range of 20%-40% -when urea fertil-
izers were applied after irrigation, 
whether incorporated or topdressed. 

Preliminary results of the 1983/84 
collaborative experiments with irrigated 
wheat in the Punjab seem to parallel 

5 

4 

3 

" 2 
C 

CD 

0 1 

A B A B A B A B 
Control Urea Urea-PPD Urea-DCD KN03 

Figure 4.	Wheat Yields at Fertilization Rates of 60 kg N/ha Basally Applied 
and 60 kg N/ha Topdressed After (A)or Before (B) Irrigation.. 

the results of the previous season. If countries where funds available for the 
further research confirms these results purchase of fertilizers are invariably 
and if the conditions of the experiments limited, it is important to determine 
are indeed representative of irrigated which fertilizer products and which 
wheat in this area, then the impli- time and method of nitrogen applica­
cations of this research are rather far tion will give the best yields and best 
reaching. For example, in the 1982/83 economic returns. 
experiment losses of nitrogen were In 1982 IFDC established a sub­
reduced from about 40% to virtually Saharan African research network to 
zero when urea was topdressed before resolve these questions. In 1984 col­
rather than aftpr .rrgation. If these laborative trials at more than 35 sites 
results apply to d! of the Punjab, the were carried out jointly by IFDC staff 
implication is that more than US $24 and the national scientists of 14 coun­
million worth of nitrogeni fertilizer could tries. Using locally recommended crop 
be saved annually by siinply topdress- varieties and farming practices, IFDC 
ing the urea before irrigation rather scientists tested varying rates cf 
than after. calcium ammonium nitrate (CAN) or 

urea, two common fertilizers in Africa, 
on fields of millet, sorghum, and maize. 

Fertilizers for Sub-Sahara Africa- Time and method of application of 
these products were also tested. The 

Most farmers in Africa have no irriga- scientists conducted more intensive 
tion facilities. Without a sure supply of trials using these same products en­
moisture, it is often difficult to guaran- riched with 15N at seven sites in five 
tee a good return in terms of crop yield countries to determine whether the 
for money spent on fertilizer. In these crop was making good use of the 
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applied nitrogen and whether losses 
were occurring because of leaching or 
ammonia volatilization (Figure 5). 

Although it is not normally encour­
aged as a fertilizer management prac­
tice, broadcasting of nitrogen fertilizer 
tended to give better yields in the 
humid and subhumid zones than did MAUTANIA 

point placement or banding. At a E,1 ER 

nitrogen application rate of 100 kg/ha 
in the subhumid area, the yield ob 

GAMPI 

BA-. 
"C A 

-UINEA 

0 
U A 

tained with broadcasting was approxi- S ,ERRLE H 10,PI,.i 
rnately 25% higher than that obtained . .. IVE. 
with point placement (Figure 6). In the ....... N' R Z A R EN 

humid area at the same application 
rate, the yield increase with broad- U I TANZANIA 

casting over point placement was 
about 7%. In the semiarid sites of 
Niger, point placement of urea gave15sieAGLZMBA I 
poor yields due to large nitrogen losses A - Nsource test site IT 
via volatilization. 

Data from 1 lNtrials confirm earlier 
experimental results, which showed 
that nitrogen losses are generally low SWAZILAND
 

at most sites in the humid and AFRICA 

subhumid regions having a seasonal 
rainfall of 800-1,200 mm. Total 
recoveries of -N :n 1983/84 ranged 
fror, 70%o-80% with approximately Figure 5. IFDC's Nitrogen Researh Program in Sub-Saharan Africa. 
50% of that recovered being in the 
plant itself (Figure 7). In 1982 losses 
from these zones were less than 10%. 
Nitrogen recovery by cowpeas, which 
were intercropped with the maize, 
amounted to only 2%-3% of that ap­
plied. During 1982-84 in the semiarid 
sites in Niger, losses of fertilizer 
nitrogen were very high, exceeding 
50% when urea was point placed. 7 
Here, conditions of light soils, high 
temperature, and low rainfall have com­
bined to cause nitrcgen losses as high 
as 50% probably due to volatilization. 
Only 20% of the urea nitrogen that was 
applied was actually taken up by the 
plant while plant uptake of calcium am­
monium nitrate was 33% (Figure 7). 

Futuie work in Niger will concentrate _V ­
on nitrogen products and management , 
practices that could reduce these 
losses, improve uptake efficiency, and 
increase yields. IFDCs fertilizer research programs aim to place more food on the tables in African 

homes. Dr.Andre Bationo, IFDC Soil Scientist stationed in Niger observes these 
young children as they t.resh sorghum. 
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Figure 6. 	 Effect of Method of Application on Yield Response In Various Tropical African Climatic Zones (Response functions are 
averages of several experiments at various locations during 1982-84.) 
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• .J Figure 7. 15N Recovery Fractions in the Crop and the Soil 
for Three Nitrogen Fertilizer Sources: Urea, USG, 
and CAN (All fertilizers were split banded.). 
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Phosphate Research 

In many developing countries of the Phosphate Rock Modifications a feed containing 16.5% P205 and 
tropics and subtropics, the earth itself 10.9% magnesium oxide. The process 

holds avaluable resource-phosphate involved crushing and grinding to yield 
rock-that can help increase food pro- Beneficiation an ore feed of minus 48- plus 400­
duction. Since IFDC's beginning, the mesh (Tyler); the minus 400-mesh frac­
Center's phosphate research program IFDC is emphasizing beneficiation tion was the slime fr3ction. Our 
has been dedicated to helping these studies to remove undesirable magne- technologists conditioned t;e ground 
countries find ways to use their in- sium from several phosphate ores. One ore with phosphoric acid or sodium tri­
digenous phosphate resources to pro- example is the research conducted on polyphosphate to depress the phos­
duce fertilizer. Jhamarkotra (India) ore. Prior labora- phate. They used a fatty acid or a 

Phosphate research involves char- tory results indicated that a concentrate sulfonated acid to float the dolomite, 
acterization of the ores, beneficiation containing about 36% P20 5 and 1% which was discarded, and discharged 
of the ores to produce phosphate con- magnesium oxide with a P20 5 recovery the concentrate onto a vacuum filter. 
centrates, and development of ways to of 75% could be made from this ore. During future studies they will process 
use the concentrate directly as a fer- The feed contained 16.5% P20 5 and the concentrate to phosphoric acid. 
tilizer or to chemically modify it. To 11.3% magnesium oxide. In subse- An in-depth laboratory study used 
develop agronomically and economi- quent tests, recovery increased to another interesting rock type that has 
cally effective phosphate products, 80%. During 1984 IFDC used this ore a high silica content (Parc W from 
IFDC conducts research in its labora- to conduct confirming tests in its con- Niger) to compare flotation beneficia­
tories and pilot plants. The resulting tinuous beneficiation pilot plant. tion methods. The feed contained 
products are then tested in the Center's Results indicated that the concentrate 27.3% P20 5 and 28.7% silica. Three 
greenhouses and fields in developing contained 34.5% P205 and 1.36% flotation methods were used: (1)anion­
countries, magnesium oxide when prepared from ic, (2)reverse anicnic, and (3)cationic. 

During 1984 IFDC furthered its re- Results are tabulated below. 
search on several cost-effective ap­
proaches to phosphate fertilizer 
production. For example, additional 
work was done on partial acidulation. 
Partial acidulation of phosphate rock 
offers developing countries a lower 1 
cost product since less sulfuric or 
phosphoric acid is used in its 
production. 

Another cost-saving idea, which was 
studied, is the process of making a 
semigranular partially acidulated prod­
uct rather than conventional granules. 
This process avoids the expense in­
volved in granulating, recycling, drying, 
and cooling the product. Comparing 
the semigranular and granular produc­
tion schemes, IFDC's fertilizer toch- " 

nologists devoloped cost estimates of ' - ­
the partially acidulated rock processes. 
These results will be released in a tech­
nical bulletin during 1985. 

IFDC produced and evaluated ex­
perimental materials from several ' 
developing-country phosphate depos- 1, 
its during 1984. 

Ibezim J. Ana7ia, Minerals Engineer, conducts laboratory flotation tests of Jhamarkotra ore from 
India. These tests served as the basis for large-scale pilot-plant tests. 
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Concentrate Recovery in 

Flotation Grade Concentrate 
Method P20 5 S10 2 P203 S102 

--- (wt %)------- (%)---
Anionic 30.1 20.2 82.5 60.1 
Peverse anionic 30.4 19.4 83.0 55.5 
Cationic 32.5 14.1 69.7 33.7 

Inanionic flotation, a sulfonated fatty 
acid is used to float phosphate par-
ticles in the froth, and silica remains in 
the cell; sodium silicate at pH 8 is used 
as a silica depressant. In reverse an-
ionic flotation, a sulfonated fatty acid 
is used to float silica, and pearl starch 
is used to depress phosphate in the 
cell. In .ationic flotation, an amine or 
its salt is used to float the silica at a 
neutral pH. The cationic flotation yield-
ed the highest grade (32.5% P20 5)but 
lowest P205 recovery (69.7%). 

Single-Step Process for Partial 
Acidulation Granulation 

Using readily available central 
Florida and Vernal, Utah, phosphate
rocks, IFDC fertilizer technologists pro-

duced partially acidulated-granulated 
rock employing sulfuric acid in pilot-
plant tests to confirm prior laboratory-
scale results. The major process 
parameters studied were degree of 
acidulation, concentration of acid, and 
process temperature profile. The two 
rock sources were chosen because 
they had medium reactivity (Florida) 
and low reactivity (Utah) and were the 
lowest cost sources available. The 
typical production rate of product was 
250 kg per hour, but some runs were 
made at 750 kg per hour. Results in-
dicated that the process is relatively 
simple and easy to operate and can ac-
commodate changes in the degree ofacidulation and concetration of sul-

furihe acd. oesnotre-rocssfuric acid. The process does not re-
quire major changes in the operation 
of the plant, and the physical quality of 
the product is similar to that of single 
superphosphate (SSP). There were dif-
ferences noted between operation with 
the two rocks although both could be 
used satisfactorily. To make a thorough 
comparison of phosphate rock 

sources, further tests in the pilot plant 
are needed. 

In laboratory-scale tests of the 

single-step process, rocks containing 
more than 5% carbon dioxide, which 
evolves during acidulation, presented 
difficulties. When these rocks are used, 
a preacidulation step is required to 
avoid production of porous and weak 
granules. A similar problem is ex­
pected in larger scale equipment. IFDC 
staff developed a process flow diagram 
and a description of the major equip-
ment items fur a 10-tph single-step par-
tially acidulated phosphate rock 
(PAPR) plar,. IFDC also plans to con-
duct economic studies of the process. 

Modeling of Wet-Process 
Phosphoric Acid 

A significant continuing activity of
phosphate research is to evaluate 
phoshate rocks in developing countries
for making wet-process phosphoric 
acid. These unknown rocks are com-
pared with commercially available 

sources. IFDC developed a model and 
computeF program in BASIC for heat 
and material balance calculations of 

the dihydrate phosphoric acid process. 
Data inputs that are required include: 
chemical analysis of the rock, process 
conditions, and some rkrocess assump 
tions. The model is helpful in predicting 
process flow rates and concentrations 
to be used during startup; thus, the 
time for reaching equilibrium condi-
tions is reduced. The model is applica-
ble to IFDC's bench-scale and 
pilot-scale units and operable on some 
personal com puters 

bench-scale wet-process phos-
hericc ha een mainlphoric acid unit has been mainly 

modifications were made to the acidu-operated inthe dihydrate mode. Some 
lation unit to broaden its capability. In 
son t twoae reaty.em, 
some tests a two-stage reactor system, 
reactors and filter, and a rock-slurry 
feed (to simulate wet rock grinding) 
were used. One complete test was 
made in the hemihydrate mode of 

operation. The continuous concen­
trator based on vacuum evaporation 
was used to produce merchant-grade 

acid (54% P205 ). Examples of some 
results are given under "Special 
Research and Development Projects." 

Rock Characterization 

A significant effort was devoted to 12 
phosphate samples submitted by Zam­
bia's Department of Agriculture. The 
country is interested in the materials as 
a phosphate and/or lime source. The 
samples are fairly complex combina­
tions of minerals (Table 1). The 
Chilembwe rock and Nkombwa soil 
samples have P205 levels that might 
justify beneficiation. The other two 
samples may be useful as liming 
sources. Phosphate availability in all 
samples may be relatively low as in­
dicated by the low solubility in neutral
ammonium citrate. 

Preparation of 
~ aeil 

Experimental Materials 

To support the agronomic research 
program, the Fertilizer Technology Divi­
sion produced several experimental 
fertilizer materials usii . various rock 
sources. Examples of rock sources 
used include Togo, Sukulu Hills (Ligan­
da), Tilemsi Valley (Mali), Dorowa (Zim­
babwe), and Kodjari (Burkina Faso), as 
shown in Table 2. The technologists 
used sulfuric acid in the IFDC single­
step partial-acidulation granulation pro­
cess to produce granular products. The 
degree of acidulation of a given rock 
determines the available P20 5 (water­soluble + neutral ammonium citrate­

soluble P2Os) in the product. ThesoulP25intepdc.Th 
actual values, however, also depend on 
the reaction conditions and impurities 
in the rock. The PAPR products are in­
tended for use only on acid soils. The 
level of acidulation indicates the quan­
tity of sulfuric acid used compared with 
that required to make SSP. Much of 
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IFDC's work is conducted at the 50% 
acidulation level. 

Table 1. 
Principal Characteristics of Zambia Phosphate Rock Samples 

Improved Research 
Average Values Capabilities 

Citrate-
Total Soluble 

Source P20 5 P205 Major Mineral Phases To the extent possibl,; IFDC updates 
its research capability through equip­

(Wt %) - - ment modifications and additions. This 
Chilembwe phosphate rock 16.0 1.3 Apatite, augite, magnesioriebeckite section briefly describes some im-
Nkombwa soil 13.2 0.9 Hematite-goethite-magnetite, apatite, provements made this year. 

quartz, braunite 
Nkombwa phosphate rock 3.7 0.3 Dolomite, hematite-goethite, apatite 
Kaluwe phosphate rock 3.2 <0.1 Calcite, hematite-goethite-magnetite, Ion Chromatograph 

apatite 

During 1984 IFDC acquired an ion 
chromatograph to analyze for certain 
ions. Applications of the ion chromato­
graph include the determination of 
fluoride and sulfate in phosphate rocks, 

Table 2. wet-process phosphoric acid, and fer-
Analysis of Typical Rock Sources and PAPR Products tilizers. It is also used to determine the 

level of sulfates and nitrates in soils. 
Rock PAPR Product Analyses
 

Analyses Available PI
 

Total Acidulation Total % of Image Analysis System
 
Rock Source P20 5 Level" P2O' Total Total
 

Another new capability was added
(wt %) (%k) (wt %) (wt %) with the development of an image 

Togo rock 35.9 - analysis system. This system consists 
Togo PAPR - 25 28.6 7.8 27.3 of a research-grade optical microscope 
Togo PAPR - 50 24.2 12.5 51.7 coupled with a high resolution video 

Sukulu Hills rock 37.3 - - - camera and screen. The system is 
Sukilu Hills PAPR - 50 25.3 14.6 57.7 interfaced with computer graphics and 
Sukulu Hills SSP - 100 22.2 21.0 94.6 a digitizer board. The image analysis 

Tilemsi Valley rock 28.6 - - - system provides functions such as 
Tilemsi Valley PAPR - 15 26.0 6.5 25.0 distance measurements, areas, 
Tilemsi Valley PAPR - 30 22.7 11.0 48.5 volumes, form factor analysis, point 

Dorowa rock 33.1 - - - counting, spatial frequency, and angle 
Dorowa PAPR - 25 24.8 7.5 30.2 measurements. A statistical package is 
Dorowa PAPR - 50 23.0 10.0 43.5 an integral part of the system. Data 

Kodjari rock 25.3 - - may be displayed as linear, logarithmic, 
Kodjari PAPR - 30 20.3 5.8 28.6 or percentage of total as histograms. 
Kodjari PAPR 50 18.1 8.7 48.1 The system is particularly useful in 

determining crushing sizes of phos­
a. Percentage of sulfuric acid required to fully acidulate the rock to single superphosphate. phate ores and is also being used to 
b.Sum of water-soluble and neutral ammonium citrate-soluble P20 5. evaluate gypsum crystal morphology 

from wet-process phosphoric acid 
production. 
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Nitrogen-Phosphate 
Rock Fertilizers 

Many tropical and subtropical soils 
require phosphorus as well as nitrogen 
fertilizers for crop production. Where 
direct application of phosphate rock is 
being considered, a means of enhanc­
ing the availability of phosphorus 
should be studied. Previously, IFDC 
soil scientists found that urea mixed 
with phosphate rock may increase 
phosphate rock dissolution in soils hav­
ing a high organic matter content. Sup­
posedly, urea hydrolysis in soil 

I temporarily 3ises the soil pH and 
hydrolyzes the soil organic matter, 
which then chelates calcium ions and 
hence provides a driving forc., for the 

____dissolution of phosphate rock. 
In 1984 IFDC soil scientists con-

Steven Van Kauwenbergh, IFDC Mineralogist, uses an image analyzer to determine ducted several greenhouse trials to 
the particle size, range, and shape of minerals in phosphate ores. deterni-ie if urea would have a benefi­

cial effect on plant-available phos­
phorus from phosphate rock. In one 
trial with an acid Bladen sandy loam 

Agronomic Research porous paper impregnated with amor- (pH 4.5), which contained about 20/
Laboratories and phous iron hydroxide. The paper ad- organic matter, the dry-matter yield ofifl Lbsorbs the phosphorus in the soil maize obtained with powderea Sechu-

Greenhouses at Headquarters solution. The paper is then removed, ra phosphate rock from Peru mixed 
and the phosphorus on it is extracted with urea increased by about 230% as 
with dilute acid and measured. The re- compared with mixing it with ammoni-

Phosphorus Soil Test suits obtained from pot trials show that um nitrate. In this study, nitrogen was 
this method is suitable for estimating not a limiting factor when the two 

Efficient use of phosphate fertilizers plant-available phosphorus. sources of nitrogen fertilizers were 
in soils requires a basic understanding The new method has several advan- compared. In another greenhouse trial 
of the chemical properties of phos- tages over the ones now in use. The with neutral Josephine sandy loam (pH 
phate fertilizers, their reactions with paper does not affect the soil itself; yet, 6.2), which contained about 5% organ­
soils, and their interactions with ither it adsorbs the phosphorus in the soil ic matter, minus 35-mesh mixtures of 
nutrients in soils. By conducting basic solution. Therefore, the paper can be Sechura rock and urea or mixtures of 
studies in Headquarters' laboratories used to extraui phosphorus from all rock and ammonium chloride were 
and greenhouses, IFDC soil scientists types of soils regardless of soil proper- studied for their phosphorus availabili­
have collected information that is rele- ties or the nature of the fertilizer ap- ty. Urea was more effective than am­
vant to agronomic trials of phosphate plied. The method simulates the monium chloride in increasing the 
fertilizers under tropical and sub- absorption of phosphorus by plant availability of Sechura rock (Figure 8). 
tropical field conditions. roots and is therefore likely to give a When the phosphorus rate was 100 

In 1984 IFDC soil scientists worked more representative measurement of ppm, the addition of 200 ppm nitrogen 
on a new technique to predict the available phosphorus than other ana- as urea increased the dry-matter yield 
amount of plant-available phosphorus lytical procedures. In tropical soils hav- of maize almost twice as much (176%) 
in soils; this information is needed to ing very low concentrations of soluble as when the same amount of nitrogen 
make fertilizer recommendations. In phosphorus, the new method may give was added as ammonium chloride. 
using this method, the soil sample is a more reliable estimate of available Future field trials are being planned for 
shaken in water containing a strip of phosphorus. areas with soils derived from volcanic 

ash, which usually contain relatively
high amounts of organic matter. 
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acidulation of the rock gave an agro­
20 nomic value that was almost 50% asgood as that of SSP. The cost of PAPR 

is reduced by a decrease in the 
16 amount of acid required for its produc­

tion. Therefore, the economic value of 
L 

0	 '20/0 PAPR in this trial is enhanced by 

. 12 the substantial reduction in the amount 
u ock of sulfuric acid required in its 

production. 
8 - Since the Kodjari rock is known to beFigure 8. Dry-Matter Yield of 

Maize Obtained With unsuitable for making SSP because of 
Phosphorus and its poor quality, production of a PAPR 
Nitrogen Fertilizers In 4 No P granular product by the IFDC­
a 6-Week Greenhouse developed single-step process should 
Study (rate of P = be a potential route whereby Burkina 
100 ppm). 0 I 1 1 Faso can use its indigenous rock if 

Urea-N 0 50 100 150 200 other factors are favorable. Production 
NH4CI-N 200 150 100 50 0 of run-of-pile (ROP) PAPR at the 50% 

Nitrogen Added (ppm) 	 acidulation level resulted in a product 
as agronomically effective as the 
granular PAPR (Figure 9). This is a 
significant finding since ROP PAPR is 
considerably cheaper to produce than 
the granular product.Partially Acidulated 

Phosphate Rock 
alone. Increasing the degree of acidu-

Previous work at IFDC has shown lation from 20% to 50% only gradual­
that many west African phosphate ly increased the dry-matter yield of 
rocks are low in chemical reactivity and maize. Although commercial SSP re­
therefore unsuitable for direct applica- suRed in the highest yield, a mere 20% 
tion on short-season crops. In 1984 
IFDC soil scientists evaluated the 70 
agronomic effectiveness of PAPR prod- AC0,memal SSP 
ucts made by acidulating Kodjari 50::PAPn 
phosphate rock from Burkina Faso O 30 1 PAPR 0

60 c 40'PAPR 
(formerly Upper Volta) with 20% to E20'aPAPR 

50 FPh0sp,,leRock50 0/ of the sulfuric acid that would 
have been required to produce SSP. 

-The purpose of the study was to screen 

potential products for field trials. 4_
 

EPowdered Kodjari rock is indeed low in 
reactivity and thus may not be suitable 
for direct application (Figure 9). Acidu- Figure 9. Dry-Matter Yield of 
lation of the rock with only 20% of Maize Obtained With 20 
sulfuric acid greatly improved its PAPR Made From 

agronomic effectiveness; at a phos- Kodjari Phosphate 10
Rock From Burkinaphorus application rate of 100 ppm as Faso Ina6-Week 

20% PAPR the dry-matter yield of Greenhouse Study. 0 
maize per pot was about six times as (Commercial SSP was 0 100 200 300 400 
great as the yield with phosphate rock used for comparison.) 

Phosphorus Added (ppm) 
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Agronomic Field Research-
Latin America 

Suitability of Indigenous 
Phosphaes 

An intensive 2-year farm-level 
evaluation of phosphate materials de-
rived from Colombian phosphate rocks 
was completed in June 1984. The over-
all objective of the research was to 
evaluate the agronomic effectiveness 
of dhosphorus fertilizer alternatives, 
based on low-cost indigenous raw ma-
terials, with a high probabilit, for 
availability, competitiveness, and far-
mer acceptance. 

The project, coordinated from the fa-
cilities of Centro Internacional de Agri-
cultura Tropical (CIAT) in Palmira, 
Colombia, focused on farm-level ex-
perimentation with finely ground and 
partially acidulated rock. In collabora-
tion with the Instituto Colombiano 
Agropecuario, a series of trials was 
established in three different agrocli­
matic zones typically found in Latin 
America: midaltitude, highland, and 
lowland tropics. The first year's results 
were reported in the 1983 IFDCAnnual 
Report. Averaged findings for the 2­
year multilocational trials follow. 

On-Farm Evaluations 

Beans Grown in Cauca-Triple super­
phosphate (TSP) and PAPR were both 
highly effective in increasing bean pro-
duction, and no significant difference 
between them was obser\ed. Both 
were significantly more effective than 
finely ground Huila phosphate rock ap­
plied directly during the initial cropping 
period. Inthe second cropping period, 
the effectiveness of the Huila phos­
phate rock increased. While it re­
mained significantly less effective than 
both TSP and PAPR in terms of accu­
mulative production, its effectiveness 

profitable as TSP for the two crops, re-
spectively, while PAPR made from
Huila rock (using only half of the acid 
required to make superphosphate) was 
92% and 79% as profitable as TSP for 
the two crops. The reduced effective-ness of the Huila phosphate rock in this 

midaltitude zone is attributed to the 
high phosphorus fixation by the soil, 
the use of point placement by the far-
mers, and the short duration of the 
growing season of beans. 

Maize/Beans Associations in Nariho-Con-
trary to the results obtained in Cauca 
with beans alone, averaged results in 
Narirho showed that all three sources 
(TSP, PAPR, and Huila phosphate rock) 
were equally effective agronomically 
when used in a maize/bean associa-
tion. The increase in effectiveness ob-
served with Huila phosphate rock is 
attributed to the lower phosphorus fixa-
tion by the soils in Nariho and the fact 
that the life cycle of crops is longer in 
the highlands of Narirfo than in the 
midaltitudes of Cauca. As an example, 
in Narirfo climbing beans mature in 9 

" 

months as compared with 3 months for 
bush beans in Cauca. This allows addi­
tional time for uptake of phosphorus 
from the slowly dissolving phosphate 
rock. 

Potatoes in Nariho-The averageresponse observed with potatoes to the 

different phosphate fertilizers applied 
was similar to that observed with beans 
in Cauca, i.e., in the first crop, there 
was no significant difference between 
TSP and PAPR, but both were superior 
to Huila phosphate rock. The effective­
ness of Huila phosphate rock in the 
second crop (residual effect) was equal 
to that of the other sources, but the ac­
cumulative two-crop yield was still sig­
nificantly lower (only about one-filth of 
that of partially acidulated Huila ; 
phate rock) (Figure 10). These results 
were obtained despite the low phos­
phorus-fixation capacity of the soil be­
cause of the high initial requirement for 
phosphorus by potatoes, which the 
phosphate rock was not able to satisfy. 

Rice in Meta-While there was con­
siderable variability in the agronomic 

r 
. 

was similar to that of PAPR during the A Colombian farmer participatesin planting a farm trial being conducted by IFC to evaluate 
second crop. On an average, Huila phosphate rock fertilizer 
phosphate rock was 38% and 78% as 
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Agronomic Field 
Research-Africa 

25 Ground Huila Phosphate Rock 

Partially Acidulated Hulla Phosphate Rock In 1984 the effect of a 3-year drought 
0 Triple Superphosphate worsened the food shortage and 

20 -0 threatened the lives of millions of peo­
ple in sub-Saharan Africa. Long-term

-W solutions are needed to promote self­
o -.-- sufficiency in food production in sub­

15 -.--	 Saharan Africa. Agricultural research 
.E 	 is an important aspect of these solu­

tions. Against this background the 
/ - / 	 IFDC's Africa Fertilizer Research pro­

10 - gram, which entered its third year of 
' // ." operation in 1984, took on added 

E 'significance. 
First Crop During 1984 several of the earlier ax­

5 First and Second Crop 	 periments that were undertaken to 
evaluate the agronomic effectiveness 
of different phosphorus fertilizer 
sources, including indigenous phos­

0 20 40 60 80 100 	 phate rocks, were continued. New field 
trials were established in Gambia,P (kglha) 
Sierra Leone, Liberia, and Cameroon. 

Figure 10. 	 Initial (first crop) and Accumulative (first and second In Nigeria, Niger, Togo, and Kenya the 

crop) Effects of Phosphorus Sources and Rates on program was expanded to cover more 

Potato Yields in Ipiales, Nariflo, Colombia. ecological zones. In addition to evaluat­
ing phosphorus fertilizer sources, ex­
periments were carried out to develop 

effectiveness of the different fertilizer In general, the results obtained in management practices for more effi­
products among sites in this lowland these and other evaluations indicate cient use of phosphorus fertilizers. 
zone, average yields show that there that PAPR prepared from local re- Regardless of the agroecological 
was no significant difference between sources can be equally as effective as .one, phosphorus application resulted 
TSP and PAPR for either rainfed or ir- the soluble commercial fertilizers in significant increases in grain yield. 
rigated rice. The ground phosphate across a wide range of acid soil types The significant response to phos­
rocks (Pesca and Huila) were 78% and and for a wide range of cropping phorus fertilizers at all locations lent 
72% as effective as TSP, respectively, systems. Unacidulated phosphate credence to earlier observations that 
with the tlooded rice, but were ineffec- rock, however, has a much narrower soils of tropical Africa are phosphorus 
tive in the rainfed rice experiments. The range of applicability, both in terms of deficient. Phosphorus requirement for 
phosphorus levels in the soil were soils and cropping systems. A new optimum maize production varied from 
relatively high and the main influence phase of rE search was, therefore, ini- a high of 140 kg P205/ha in an Ultisol 
of the soluble sources was apparently tiated in i984 to identify improved at Njala (Sierra Leone) to a low of 40 
that of a starter effect, which was not means of managing phosphate rock for kg P20b,'ha in an Alfisol at Sapu (Gain­
obtained with the phosphate rocks. use under unfavorable conditions. bia). Response to phosphorus was 

stronger in the drier ecosystems than 
in the more humid forest zones. This 
is illustrated by the data in Table 3 
showing the phosphorus efficiency 
index for maize at different locations. 

Finely ground Togo phosphate rock 
for direct application was evaluated at 
different locations in Togo, Sierra 
Leone, and Nigeria. In the Ultisols in 
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Table 3. 
Phosphorus Efficiency Indexa for Maize at Different Locations 

Rainfall 
Yield With 

No PAdded 
P Required for 
Maximum Yield 

(mm) (kg/ha) (kg P205/ha) 
Njala, Sierra Leone (humid) 1,600 1,271 142.8 
Sarakawa, Togo (subhumid) 1,200 771 64.7 
Sapu, Gambia (semiarid) - 447 45.6 

a. Phosphorus efficiency index = maximum yield-yield with no phosphorus added 

maximum phosphorus applied for maximum yield 

Nigeria and Sierra Leone where the 
soils were very acid and moisture was 
not a limiting factor, the relative agro-
nomic effectiveness (RAE) of Togo 
phosphate rock, using SSP as the 
standard and maize as the test crop, 
was 47%. However, in the Alfisols in 
the subhumid zones of Nigeria and 
Togo, the RAE was only 25%. Similar-
ly, directly applied finely ground Parc 
W phosphate rock was evaluated at 
several locations in Niger using millet 
as a test crop. In 1982 and 1983 when 
moisture was adequate, the RAE aver­
aged 50%; in 1984 when the lack of 
moisture limited crop growth, the RAE 
dropped to 27%. The soils in Niger are 
sandy soils with low phosphorus, cal-
cium, oxalate-extractable iron, and 
aluminum. These conditions tend to 
promote dissolution of phosphate rock 
as well as efficient use of solubilized 
phosphorus from phosphate rock by 
crops. At Sapu in Gambia during the 
dry year 1984, the relatively reactive 
Tilqmsi phosphate rock from Mali was 
62% as effective as SSP. 

Partial acidulation of the west African 
phosphate rocks improved their initial 
agronomic effectiveness (Figure 11). 
Over the last 3 years, 50% PAPR was,on the average, 95% as good as thesuperphosphates across all ecological 

seoAte;v acaos nlNologica, 
zones. At several locations in Nigeria, 
trials were conducted to compare 50% 

Togo PAPR with SSP, diammonium 
phosphate (DAP), and 15-15-15, which 
were the commercially available fer-
tilizers in Nigeria. In locations where 
sulfur was limiting crop growth, 50% 
PAPR was as good as SSP and 
superior to DAP and 15-15-15. At an ap- 
plication rate of 40 kg P205/ha the 50% 
PAPR produced about twice as much 
maize per hectare as did DAP or 15­

2,400 

2,200 ­

2,000 

2D 
>- 1,600 

1,400­

1,200 4 8 


Maximum 
Yield P Efficiency Index 

(kg/ha) (kg grain/kg P205) 
2,291 7.14 
2,280 23.32 
1,404 21.32 

15-15. The reason for the poor perfor­
mance of DAP and 15-15-15 is the ab­
sence of sulfur in these commercial 
fertilizers. Figure 12 shows the re­
sponse that is typical of ell locations. 
These results indicate the need to 
identify areas of sulfur deficiency be­
fore recommending high-analysis fertil­
izers free of sulfur. 

PAPR (50/) 

to 

PR 

1 

Phosphorus Applied (kg P20j/ha) 

Figure 11. 	 Effect of Phosphorus Rate and Source on Maize Grain Yield In the
Humid Area (Njala, Sierra Leone, 1984). (The phosphate rock used Inthis experiment Is Togo phosphate rock.) 
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African farmers who use granular results, granular phosphorus fertilizer 
fertilizers generally broadcast these should be broadcast and incorporated 
materials onto the soil surfi.ce. IFDC in these phosphorus-deficient sandy 
scientists in Niger established a trial to soils. Point placement of fertilizers was 
compare various methods of phos- the least productive. 
phorus fertilizer application. For best 

2,400 

-S 


(50%)India
2,000 

CM1,600 
- 1 

20 

>" 


1,200 -through DAP 
DAP 

800 1 
0 10 20 30 40 50 60 

Phosphorus Applied (kg P2O5lha) 

12. Performance of Different Phosphate Fertilizers InSoils Where Sulfur IsFigure 12atedomanerun-of-mineophte erilzorei SiandereSthe i 

Limiting Maize Yield in Nigeria. 

Special Research and 
Development Projects 

A number of special research pro­
jects were carried out. These activities
 

included ore characterization, acidula­
tion, and granulation and were carried 
out in laboratories, pilot plants, and 
greenhouses. Brief summaries are 

given in this section. 

Studies of Mussoorie Rock 
FoPAPR 


Under contract with Pyrites, Phos­
phates ar;i Chemicals, Ltd. (PPCL), 
IFDC conleted aspecial study of the 
use of Indian Mussoorie phosphate 
rock as fertilizer. A complete charac­
terization of the rock was made 

chemical, mineralogical, and 
textural analyses. Acid-type attrition 
scrubbing was investigated as a meth­
od of reducing the carbonate content. 
Two granulation routes-minigranula­
tion and granulation with partial 
acidulation-were evaluated. Various 
salt binders were used in the produc­
tion of minigranulated materials in a 
pinmixer. Using sulfuric or phosphoric 
acid in the IFDC single-step process,
the fertilizer specialists partially acidu­

lated run-of-mine ore and the
 
concentrate. 

Various experimental products were 
evaluated in the IFDC laboratory and 
greenhouse. This testing indicated that 
the most promising products for Indian 
acid soils were those made by partial 
acidulation (sulfuric or phosphoric 
acid), rather than the minigranulated 
rock. Further field trials in India are 
being made to verify these preliminary 
results. The economics of production 
and use in India are being developed 
by PPCL. All of these data are being 
factored into activities to be conducted 
during 1 85. 
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Granulation of 
Urea-Based Multinutrient 
Fertilizer for Mexico 

Fertilizantes Mexicanos, SA. (FER-
TIMEX) of Mexico is modifying an origi­
nal granular TSP plant located near 
Coatzacoalcos (Veracruz) to produce 
DAP and urea-based NPK such as 17­
17-17 (N-P205 -K20). Granulation is car­
ried out in a pug mill-type granulator. 
IFDC configured its pilot plant to 
simulate the FERTIMEX unit and con-
ducted tests of 17-17-17 production. Raw 
materials used were phosphoric acid, 
sulfuric acid, ammonia, urea, 
potassium chloride, and ammonium 
sulfate. A preneutralizer was used for 
reactions of ammonia with phosphoric 
and sulfuric acids. Urea and potassium 
chloride were added as solids. To pro-
duce the required grade, IFDC's 
chemical engineers studied a number 
of options including combinations of 
solid ammonium sulfate and that pro-
duced in situ. The effects of several 
operating parameters were deter-
mined. Using IFDC pilot-plant results, 
the engineers calculated the potential 
daily capacity of the FERTIMEX plant. 
Two FERTIMEX engineers assisted in 
conducting the tests and accompanied 
an IFDC eigineer to a commercial 
NPK plant in the southern part of the 
United States. 

Results indicated that multinutrient 
fertilizers based on urea can be suc-
cessfully produced in the FERTIMEX
plant. 

NPK Granular 
Fertilizer for Malaysia 

At the request of the Chemical Com-
pany of Malaysia Berhad (CCM), IFDC 
completed a study on the production 
of urea-based NPK fertilizers in con-
tinuous laboratory-scale equipment. To 
determine modifications required for 
the conversion of CCM's commercial 
plant from a.,:monium nitrate-based 
NPK to urea-basecL NPK production, 
IFDC evaluated the Oifect of various 
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Ing. R. Sergio Tortes Osorio (left) and Ing. Agustin Escalante M. of FERTIMEX with IFDC Special 
Project Engineer Jose R. Lazo do laVega, examine urea-based NPK product in the IFDC Pilot 
Plant. 

raw material combinations and process 
conditions. 

IFDC recommended modifications to 
the CCM plant to enable them to pro­
duce urea-based NPK fertilizers. 

Studies of Bahia InglesaPhosphateFrom Chile 

During 1984 IFDC completed the 
preliminary project to characterize and 
beneficiate phosphate ore from the 
Bahia Inglesa deposit in Chile. On the 
basis of laboratory results our engi-
neers developed a beneficiation pro-
cess for removal of impurities, such as 
silica, iron, aluminum, and magne-
sium. IFDC recommended further 
larger scale tests to confirm these ini-
tial findings and to evaluate more fully 
the effect of using seawater versus 
fresh water for the flotation process. 
The sponsor will determine the extent 

of the deposit's reserves prior to con­
ducting further research work. 

Studies of Uganda Phosphate__ 

IFDC characterized igneous
 
phosphate ore from the Sukulu Hillsregion of Uganda, including various 

flotation fractions. This country is con­
sidering reopening its phosphate mine 
and renovating its SSP production 
facility. The ore contains iron, an im­
purity that may affect the processing 
and the chemical and physical quality 
of the product. IFDC evaluated the use 
of the ore for SSP production. In addi­
tion, our engineers compared two 
routes for making a partially acidulated 
product rom Uganda concentrate 
using sulfuric acid. They made com­
parative tests of the product's physical 
and chemical qualities. They also 
evaluated the compatibility of mixtures 
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of partially acidulated products with 
urea, ammonium sulfate, and calcium 
ammonium nitrate. Bulk blending is 
one method of incorporating multi-
nutrients into fertilizers sold in the 
market area. 

A longer range strategy of the coun-
try may involve the use of Uganda 
phosphate concentrate to produce wet-
process phosphoric acid and conver-
sion to TSP or ammonium phosphates 
(MAP/DAP). IFDC converted the con-
centrate to phosphoric acid and 
produced granular TSP and MAP/DAP 
in continuous laboratory-scale 
equipment. 

IFDC's investigations proved that 
Uganda phosphate rock can be used 
to produce SSP and PAPR. 

Compaction-Granulation of 
Multinutrient Fertilizer 
for Malaysia 

Under contract with Peladang Kimia 
Sendirian Berhad in Malaysia, IFDC 
used the laboratory-scale compactor to 
study various NPK formulations, with 
and without magnesium. Nitrogen 
sources were urea, ammonium sulfate, 
and ammonium chloride. Phosphate 
sources were diammonium phosphate 
and ground phosphate rock. Muriate of 
potash and sulfate of potash magnesia 
were also used. IFDC fertilizer 
technologists conducted tests to study 
the relative compactibility, granule 
characteristics, and granulation effi-
ciency. IFDC provided a conceptual 
flowsheet for a commercial plant (30 
tph) and supplied an estimate of the 
necessary plant investment to the com-
pany for discussion with commercial 
equipment suppliers, 

Peladang Kimia is considering this 
strategy for altering its production 
scheme in the future. 

Sulfur Research 

The increasing occurrence of sulfur 
deficiency in tropical agriculture is 
primarily caused by the increased use 
of high-analysis essentially sulfur-free 
nitrogen and phosphate fertilizers such 
as urea, DAP, and TSP in conjunction 
with more intensive cropping with high-
yielding varieties. Moreover, soils in the 
tropics generally have low total sulfur 
contents because of low sulfur-bearing 
parent materials and/or extreme weath-
ering and leaching losses. Because 
the sulfur deficiency in tropical agri-
culture is increasing, it is urgent that 
developing countries consider includ-
ing sulfur in their fertilizer programs. 

Transportation and handling costs 
often dictate a preference for high-
analysis fertilizers. Consequently, 
elemental sulfur, which is the most 
concentrated form of the element 
(100% sulfur), may be the preferred 
choice to be added to existing nitrogen 
and phosphate fertilizers to avoid 
diluting these nutrients in the fertilizer 
and increasing shippin,; and handling 
costs per unit of nutrient. However, 
elemental sulfur will become available 
to plants only through oxidation to 
sulfate by microorganisms in the soil. 
During 1984 IFDC soil scientists con-
ducted laboratory and greenhouse 
studies at Headquarters to evaluate the 
potential use of elemental sulfur mixed 
with nitrogen and/or phosphate fertil-
izers as a sulfur source for crop 
production. 

A soil incubation experiment was 
conducted to study the effect of 
nitrogen and/or phosphate fertilizers on 
the rate of sulfur oxidation in soils. The 
fertilizers studied were MAP, DAP, TSP, 
urea phosphate (UP), and urea. Pre-
liminary results indicated that both 
nitrogen and phosphate fertilizers 
enhanced the rate of sulfur oxidation 
in two soils (Figure 13). For example, 
when DAP was added, the amount of 
elemental sulfur that was oxidized was 

almost twice as great as when no 
nitrogen or phosphate fertilizer was 
used. Future work will examine the ef­
fect of N:P:S ratio, granule size, and 
soil moisture, temperature, and 
chemical properties that may affect the 
rate of sulfur oxidation in soils. 

There are increasing indications of 
sulfur deficiency in rice-growing soils 
of many developing countries. Using a 
combination of nitrogen and sulfur fer­
tilizers for flooded rice, IFDC soil scien­
tists conducted a greenhouse study 
during 1984 to evaluate the efficiency 
of fertilizers in which elemental sulfur 
was derived from a commercially avail­
able urea-sulfur source. They found 
that the agronomic effectiveness of the 
urea-sulfur as a sulfur fertilizer was in­
fluenced by the particle size of the fer­
tilizer material and the method of 
application (Figure 14). For surface 
broadcasting and broadcasting with in­
corporation, powdered urea-sulfur 
performed as well as gypsum, and 
both were better than prilled urea­
sulfur. Although the sulfur particles im­
bedded in the prilled urea-sulfur melt 
were very small (minus 100-mesh), 
sulfur oxidation was apparently 
decreased because of a reduction in 
the amount of physical contact of sulfur 
particles with the soil environment. 
Deep placement greatly reduced the 
effectiveness of elemental sulfur in the 
urea-sulfur melt regardless of whether 
it was powdered or prilled. 

Although surface broadcasting of 
prilled urea-sulfur melt is a feasible 
means of applying sulfur fertilizer for 
flooded rice at transplanting, IFDC 
research has shown that the method 
can lead to serious nitrogen losses 
through ammonia volatilization. While 
deep placement of the urea-sulfur 
would greatly reduce these losses, the 
reduced rate of sulfur oxidation would 
render the elemental sulfur component 
ineffective in supplying sulfur nutrient, 
particularly at the early stage of rice 
growth when the rhizosphere influence 
is minimal. IFDC continues to conduct 
research at Headquarters to find a 
means of supplying sulfur to flooded 
rice. 
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Multinutrient Research 

Urea-Based Granular FertilizersS04-S (mg kg" soil) 

0 5 10 15 20 25 30 
Inmost developing countries urea is 

the important nitrogen source whether 
.LSD0.05 it is used alone or in mixtures with 

[ other nutrients. Commercial technolo-
Mountview Soil , 4 ' gy is rapidly emerging for granulation 

pH 4.5 , of urea, and some new plants presently
under construction will use granulation 

""_' - : c : rather than prilling. Whether the urea 
N "is granular or prilled, it will continue to 

be a prime source of nitrogen, and 
LS suitable means must be found to com-

SAlone 0.05 it with other nutrients toLbine make 
compound fertilizers that also contain 

MAP + Si phosphorus and potassium, with and 
DAP + S without micronutrients. 

Josephine Soil IFDC is identifying suitable methods 
UP + S for making compound fertilizers that 

contain large quantties of urea. Urea-
Urea + S based NPK fertilizers require special 
iSoil treatment during production, storage, 

and handling under tropical conditions. 
Depending on the type of raw 

Figure 13. Effect of Sources of Phosphorus (MAP, DAP, TSP) and Nitrogen materials available in a particular coun­
(UP, Urea) on Oxidation of Elemental Sulfur at a Rate of 200 mg S try, there are several process alter­
kg-1 Soil After 1-Week Incubation In Two Soils. (The ratios of N:S natives for producing urea-based NPK 
and P-S were fixed at 1:1.) fertilizers. Urea can be added as dry 

prills, granules, solution, melt, or some 
combinations of these. Phosphate can 
be derived from several sources­
ground phosphate rock, PAPR, super­
phosphate, phosphoric acid, or am­60 
monium phosphates (MAP and DAP). 

LSD0.05 Potash is usually added in the form of 
50 El Urea S melt, prilled potassium chloride. Heat can be sup­

[Urea melt, powdered plied as steam or as steam combined 
"40 with chemically generated heat. The 

Urea gypsum, powdered compatibility of the materials used in 
Urea, prilied the final mix is very important for good 

.T 30- storage characteristics. 
The process configuration also de­

120 
 pends on the raw materials, especial­
ly if phosphoric acid and ammonia are 
used. IFDC is studying process alter­

10- natives, such as a preneutralizer or 
pipe and pipe-cross reactor, in which 

0 ammonium phosphates are made. This 
0 Broadcast Incor orated Deep Placed 170 work emphasizes the conditions for 

drying, screening, minimizing recycle 
and dust formation, and improving 

Figure 14. Rice Grain Yield Response to Sulfur Fertilizer Materials as Influ- product quality. A product grade of 17­
enced by Placement Method (30 kg S/ha). 17-17 (N-P 20s-K20) is typical of that 

being studied. 
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During 1984 IFDC continued to 
evaluate the compaction type of granu-
lation using only dry raw materials. 
Using materials that are compatible, 
such as urea (dust, prills, crystals), am-
monium phosphates, and potassium 
chloride, IFDC's fertilizer technologists 
found compaction to be a simple way 
of making complex NPK fertilizer. It is 
also a very convenient way of adding 
solid micronutrients. Particles of com-
pacted granules are shaped different-
ly from granules made in a rotary drum 
or pan granulator. IFDC is investigating 
the effect of particle characteristics on 
rstorage quality, 

Phi;sical Quality Studies 

IFDC is aware of the importance of 
physical quality of fertilizer products, 
especially when the fertilizers are to be 
used in high-humidity and high-
temperature conditions. Essentially all 
experimental products are evaluated 
for one or more physical properties. As 
expected a number of factors affect the 
physical quality, 

During 1984 IFDC began a program 
to compare the physical quality of NPK 
fertilizer made by conventional granu-
lation versus bulk blending. Com-
ponents in granulated mixtures and 
bulk blends have different degrees of 
surface contact. The components in a 
granulated mixture have a much larger 
surface contact area compared with 
components in a bulk blend where con-
tact only occurs between the relatively 
large granules. Three grades (N-P205 -
K20) of fertilizers (28-28-0, 19-19-19, 
and 17-17-17) were compared, each 
grade contained urea as the major 
nitrogen source. The 28-28-0 and 17-
17-17 grades were tested with and with-
out two types of conditioners. One 
conditioner consisted of 0 5% SAE 20 
motor oil and 2.0% kaolin clay; the 
other conditioner was 0.5% amine and 
2.0% kaolin clay. 

The fertilize, analysts subjected the 
products to three standard tests, in-
cluding critical relative humidity, 
moisture absorption-penetration, and 

small-bag caking tests during storage. 
Bulk blends were less hygroscopic 
(higher critical relative humidity) than 
cogranulated mixtures. Penetration of 
moisture into the bulk blends was 
much dee er than that into the granu-
lated mixtures. Strength of the moist 
granules of the bulk blends was much 
higher than that of the granulated mix-
tures. A conditio~ier waE needed to pre-
vent or minimize caking of the 
granulated mixtures; whereas, the bulk 
blends did not require conditioning. 
These results indicate the importance 
of determining physical properties and 
matching the quality to the product 
handling system. 

Socioeconomics
Research 

In order to develop improved fer-
tilizer technologies and have them 
adopted in developing countries, it is 
necessary to determine what benefits 
the farmers and the country will receive 
from using the technologies. An effi-
cient search for appropriate technolo-
gies, therefore, necessitates analyses 
of socioeconomic conditions under 
which the farmers operate. Such analy-
ses are needed during all stages of the 
research, development, and technolo-
gy transfer process. 

IFDC's socioeconomics research, 
therefore, gathers the information 
needed for an analysis upon which to 
base various research and develL.o-
ment policies. IFDC's economi s and 
sociological research has developed 
into three mjor work areas. 

Fertilizer Evaluation Program
and Information System 

During 1984 IFDC established a Fer-
tilizer Evaluation Program and Informa-
tion System (FEPIS) to promote the 
use of proper methodologies for fertil-

izer experimentation, to provide agro­
economic evaluation of fertilizer 
products and practices, and to facilitate 
the exchange of data on fertilizer re­
search results between IFDC and other 
international agencies and national 
organizations. 

This program provides guidelines 
and technical assistance for systematic 
agronomic and economic evaluation of 
fertilizer products and fertilizer 
management practices in the diverse 
agroclimatic environments of the trop­
ics and subtropics. The system will 
generate information and make it avail­
able to researchers and decision. 
makers throughout tha national and 
international organizations involved in 
agricultural research and develop­
ment. This program will also provide 
advisory services and training on data 
analysis, fertilizer evaluation metho­
dologies, statistical and economic 
analysis, crop modeling techniques, 
and fertilizer-related research planning. 

To achieve these objectives, the pro­
gram was established with three main 
components (Figure 15): 
1. 	 A fertilizer database system. 
2. 	 Data analysis and modeling 

services. 
3. 	 Fertilizer efficiency information 

system. 
FEPIS staff members include an agri­
cultural economist, a crop modeler, 
and a biometrician, supported by com­
puter programiers and data process­
ing specialists. 

In 1984 FEPIS activities were main­
ly related to the procurement of proper 
computer hardware and software and 
the establishment of basic guidelines 
for data management and advisory 
services. Numerical routines for statis­
tical analysis were tested and installed, 
and a database management system 
was selected for fertilizer information 
management. Specification of a 
minimum data set for field experimen­
tation and crop simulation was initiated 
to standardize data collection, data 
transfer, and data evaluation. Statistical 
and economic analysis and data pro­
cessing services were provided for 
field experimentation studies in 
nitrogen efficiency and phosphorus 
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management for the following African 
countries: Togo, Sierra Leone, Burkina 
Faso (formerly Upper Volta), Nigeria, 
Niger, Mali, Senegal, Kenya, Gambia, 
Cameroon, and Liberia. Also, statistical 
and economic analyses were conduct-
ed using results of field experiments 
and research on the use of indigenous 
phosphate rock resources in Colombia. 
Advice on, data analysis and experi-
mental design was provided for experi-
mentation on nitrogen efficiency 
studies in the Philippines. Technical 
assistance in training of field techni-
cians and in planning and executing 
field trials was provided to the Govern-
ment of Ecuador. 

Simulation Modeling 

Simulation modeling techniques 
were used to study the dynamics of 
nitrogen efficiency in upland crops. 
Simulation modeling provides a power-
ful method of extrapolation of research 
findings from one area to another area. 

Construction of a model can also high­
light areas of deficiency in knowledge 
concerning key processes that deter-
mine fertilizer efficiency and yield and 
can thus assist in research planning. 

Computer simulation models of 
nutrient dynamics and crop growth 
must be able to adequately accotr,, for 
the nuances of climate. These models 
can further our understandiig of fer-
tilizer and crop behavior in diverse 
environments by quantifying most of 
this variability, 

By providing the capability of rapid-
ly examining a great many fertilizer 
strategies under various climatic and 
soil regimes, simulation can play an im-
portant role in helping to determine op-
timum fertilizer strategies. 

The CERES-WHEAT-N and CERES- 
MAIZE-N simulation models describe 
the processes of crop growth, phe-
nology, water and nitrogen balance, 
and yield. They have been validated 
against experimental data in a wide 
range of environments extending from 
580 north latitude to 400 south latitude. 
A comparison of the wheat model 
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Figure 15. Fertilizer Evaluation Program and Information System. 

against experiments conducted with 
various fertilizer treatments, cultivars, 
irrigated or not irrigated, differing soil 
types, and vastly different climates 
shows that the model reliably predicts 
the yield. The data were developed 
from experiments in the United States, 
Canada, Syria, Australia, the Philip-
pines, and the Netherlands. 

Where long-term weather records 
exist, the models can be run to simu­
late fertilizer experiments conducted 
over many years. Alternatively, a 
"weather generator" can be coupled to 
the model to simulate a sequence of 
weather and the corresponding crop 
growth and nutrient dynamics patterns. 
The variability in yield response .o fer-
tilizer and the corresponding nitrogen 
losses can be described by using sta-
tistical procedures known as risk analy-
sis. This procedure enables the 

researcher to define how frequently 
various loss processes are operative 
and what the probability of gaining a 
response to fertilizer is. This analysis 
coulcl be extended to quantify and 
evaluate the economic benefits, costs, 
and risks associated with the use of 
nitrogen fertilizers. 

Fertilizer Adoption 

Social science field research of the 
iFDC/CIAT Phosphorus Project in Co­
lomnbia investigates the probability that 
farmers ;n the area will accept the fer­
tilizers and fertilizer practices proposed 
as alternatives to their current 
technology. For example, the direct ap­
plication of finely ground phosphate 
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rock requires changes in the farmers' 
soil management practices and fertil-
izer handling and application methods. 
For those farmers acr.ustomed to using 
NPK compound fertilizers, the use of 
a single-nutrient fertilizer requires sub-
stantial changes in the methods of 
application, 

The evaluation of acceptability of 
alternative phosphorus fertilizers can 
be dividect into five major objectives 
and lines of investigation. First, the 
farmers' current fertilizer use tech-
nology is determined and low-cost 
methods are developed for gathering 
information to be used as an input in 
the design of on-farm trials. Second, 
cost of production studies are made for 
crops grown under farmers' currently 
used technology in order to provide a 
basis for comparison between the old 
and new (experimental) technologies, 
Third, the potential target groups and 
beneficiaries who may profit from the 
development of new phosphorus fer­
tilizer products are determined. Fourth, 
methods for farmer participation in on­
farm testing are developed. Fifth, a 
survey is made of the early adoption
trends. 

The relative cost of fertilizer as com­
pared with the farmers' total cost for 
producing a crop determines the likeli­
hood that they will find that fertilizer at-
tractive. For example, if phosphate rock 
is agronomically effective farmers in 
locations such as Narino, Colombia, 
micht find the changes in practices re­
quired to use this fertilizer economical- 
ly attractive in the potato crop where 
fertilizer costs represent 28% of their 
total expenditure. However, in maize/ 
bean associations the potential benefit 
to the individual farmer will not be so 
great because fertilizer costs only rep­
resent 7% of their cash expenditure. 

Early Trends in the 
Accentance of Phosphate 
Rock by Colombian Farmers -

In two of the IFDC/CIAT Phosphorus 
Project's pilot-testing zones-Cauca 
and Nariho-finely ground phosphate 

rock became commercially available 
on a scale that made it possible to in-
vestigate some early trends in farmer 
acceptance of this product. This survey 
showed that much information is yet 
needed for farmcrs to use phosphate 
rock technology effectively and that 
knowledge of fertilizer is a potentially 
limitinuj factor to successful diffusion of 
directly applied phosphate rock in 
small farm systems where technical 
assistance is thinly spread. 

Most farmers who have tried finely 
ground phosphate rock in each area 
reported favorable results. Most of this 
farmer experimentation was conducted 
without significant technical assis­
tance. Two factors, in particular, need 
to be addressed to ensure that this 
favorable climate for acceptance per­
sists. First, farmers in Narino were ap­
plying phosphate rock to almost every 
crop and cropping combination in-

. 
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chiding pastures. Systematic informa­
tion on which crops are suitable for this 
technology is still lacking. Second, 
there is considerable confusion among 
farmers about the proper time and 
method for application of finely ground 
phosphate rock. Future research and 
testing are needed to clarify which 
crops, me:hods, and timing of applica­
tion are appropriate in order to obtain 
widespread farmer acceptance of 
phosphate rock technology. 

Market Situation and Outlook 

Farm-Level Fertilizer 
are Frier 

During 1984 IFDC continued to col­
lect and analyze monthly farm-level 

A Colombian farmer discusses his fertilizer practices with IFDC social scientists, 

Dr Jacqueline A. Ashby (second from left) and Dr Scott Guggenheim (extreme right), who are 
conducting a rapid diagnostic survey. 



prices for principal fertilizer products 
and crops for 41 countries in Africa, 
Asia, and Latin America. Data collec-
tion from in-country sources began in 
late 1979 and has been continued on 
a monthly basis. Prices are in local cur-
rency and are converted to a standard 
unit (US $/mt). This information is 
maintained on a computer and is 
available for determining fertilizer 
crop/price relationships as needed in 
various research projects. Farm-level 
prices, which can be analyzed to deter-
mi ie changing trends and farmers' in-
centives to use fertilizers, are of value 
to policymakers in developing coun-
tries. This information is also useful in 
analyzing various policy proposals to 
determine why farmers in some coun-
tries apply fertilizer at a much higher 
rate than in other countries. 

Fertilizer Price Survey 

IFDC in July 1984 conducted a fer-
tilizer price expectation survey to deter-
mine the changes in international 
fertilizer prices that are expected by 
marketing managers, import manag-
ers, and market research managers for 
the following 6 monihs. This informa-
tion was used in IFDC training pro-
grams and provided as a service to the 
fertilizer industry. Respondents were 
asked to estimate the percentage of 
changes in fertilizer prices expected 
between July 1, 1984, and January 1, 
1985, in the world market prices of 
urea, ammonium sulfate, DAP, TSP, 
and muriate of potash (MOP). 

Forty-one organizations around the 
world participated in this study. 
Geographical balance among the 
respondents was very good. 

Regional Supply/Demand 
Statistics 

IFDC continues to have a large 
number of requests for fertilizer prod-
uct statistics. Our economists have

LI~tStatstis.Or ecnomsts avetried to compile as much data as possi-
ble on product types since a con­

siderable amount of data is available 
on a nutrient basis. Data on a product 
basis is obtained directly from cor-
respondents in developing countries. 
At the present time IFDC has product 
information on approximately 76 
developing countries. The countries 
supplying statistics use about 94% of 
the fertilizer consumed in developing 
countries. Three regional reports, 
which included product data; informa­
tion on regional trends on fertilizer pro­
duction, consumption, imports, and 
exports by nutrient; and published data 
on fertilizer production capacity, were 
prepared during 1984. These reports 
include the "Africa Fertilizer Situation," 
Asia Fertilizer Situation," and "Latin 
America Fertilizer Situation." In addi­
tion, developing countries are also in­
terested in conditions in the developed 
countries. We have published a report 
on the "Fertilizer Situation in the 
Developed Countries." All four of these 
reports will be updated approximately 
every 6 months with the latest product 
information available. 

Subsidy Report 

IFDC frequently obtains requests for 
current information on fertilizer sub­
sidies from various countries. Recent­
ly fertilizer subsidies have received 
much attention from government 
policymakers. As fertilizer consumption 
has increased, the cost to maintain 
subsidies has likewise increased. 
M'iny countries are now closely ex­
amining their subsidy policy. The im­
portance of fertilizer subsidies is 
illustrated by the fact that a large 
number of countries have dropped 
their present fertilizer subsidy, have 
redi iced it, or have adopted a new sub­
sidy polcy. IFDC felt that it would be 
very helpful to policymakers to examine 
the different experiences that countries 
have had with subsidies. Short papers 
describing the current status of sub-
sidies of mid-1984 were prepared for 17 
developing countries including Argen­
tina, Burkina Faso, Chile, Colombia,Gambia, India, Indonesia, Ivory Coast, 

Nepal, Philippines, Saudi Arabia, 
Sierre Leone, Sri Lanka, Turkey, 
Venezuela, Zambia, and Zimbabwe. 
This report examines the experiences 
that these countries have had with fer­
tilizer subsidies. Each report was writ­
ten by an author who is an authority on 
fertilizer in his country. Twenty-five 
authors from developing countries par­
ticipated in this project. 

Photo on opposite page: 

This Ma/ian farmer is an active participant i 
IFDC's Malian phosphate project. 
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Since its inception 10 years ago, 
IFDC has strived to make its fer­
tilizer technology applicable to the 
conditions of the countries of the 
tropics and subtropics. One 
means that ituses to achieve this 
end isthe development of national 
programs. Through national pro­
grams, IFDC can evaluate in 
developing counties its fertilizer 
technology, which isdeveloped at 
Headquarters. 

At present IFDC has estab­
lished programs inBangladesh, 
Indonesia, and Mali. The longest 
running program, that of Bangla­
desh, continued to help provide 
Bangladeshi farmers with in­
creased quantities of fertilizers to 
raise crop production levels. In In­
donesia that program continued to 
search for ways to improve nitro­
gen efficiency inflooded rice, to 
identify effective fertilizer manage-
ment systems for upland crops, 
and to evaluate the economic and 
social consequences of this re­
search. The 4-year-o0p;rogram in 
Mali continued work toward its ob­
jective of finding the best possible 
agricultural use for Mali's phos­
phate deposit, located in the 
Tilemsi Valley. Farm-level trials 
were expanded still further during 
1984. 

National Programs
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Bangladesh 

During 1984 IFDC's fertilizer market­
ing and distribution consultancy ser- ,,"
-

vices agreement with the Bangladesh
 
Agric.'*Jral Development Corporation
 
(BADC), which began in 1979, received
 
continued support from USAID. A cen­
tral aim of this project is to provide far­
mers with increased quantities of
 
fertilizer, which is needed to raise crop
 
production levels to better feed an im­
poverished and rapidly growing popu­
lation. The need for fertilizer to 
increase food output is recognized as 
a key element of the government's food 
self-sufficiency agricultural develop­
ment policy. 

Three IFDC resident consultants, 
who work closely with BADC counter­
parts. conduct the technical assistance " 
program in Bangladesh. They assist"" 
BADC in resolving problems arising in 
day-to-day management and operation 
of the New Marketing System (NMS) ., .. 

and in developing, instituting, and. .. ., - . ¢ ,, ' , ., 
monitoring programs to strengthen and 
improve the overall fertilizer delivery These Bangladeshi women are winnowing wheat 
system. The participatory nature of the 
resident consultant assistance pro­
gram provides a practical approach to Fertilizer Distribution 
problem solving and fortifies and ex­
pands skills of BADC marketing staff. Improvements in the management fertilizer transport and handling con-

In 1984 the resident consultant pro- and operation of the physical distribu- tract befo,e the 1984/85 and 1985/86 
grams assisted BADC in upgrading the tion system were continued under the cuntracts were submitted for bids. A 
operations and cost efficiency of the direction of the 'FDC resident distribu- least-cost fertilizer movement plan 
new marketing system. Additional tion consultant. In 1984 efforts were guide for 1984/85 was prepared. This 
program support was supplied by made to improve the operation o the repori shows least-cost routing by 
short-term consultants from the IFDC previously introduced fertilizer stock mode of transport from a product's 
Headquarters' staff who studied specif- control and accounting procedures, the origin to its primary distribution point 

re (PDP). Quarterly movement plans foriced perem As ithpa t,redeia- warehouse management, and the 
ized expertise. As in the past, training 

was an important component of the movement planning and routing 1984/85 were prepared on the basis of 
IFDC assistance package. Personnel systems. PDP product sales targets, product 
from BADC and other Bangladeshi Refresher training programs weie sources, and least-cost routing. A pro­fertilizer-sector organizations took part conducted for all 22 district office staff jection of total movement and handling 
inIFDC-sponsored and other training personnel engaged in preparing stock costs for 1984/85 was prepared from 

control and accounting reports used to this information. A review of 1983/84 in­
programs and study tours. rngms ansthe18/ t h monitor fertilizer availability on a coun- cidental (marketing) costs indicatedNMS hagtdled record sales of 1,128 mil- trywide basis. The distribution consul- that movement and handling costsI ton.ed view s 8 flIncord ofes tant prepared a comprehensive report conformed closely to least-cost routingchangeover to the private-sector dealer consolidating 1983/84 sales by BADC estimates.sales point, by district, by division, and Assistance was also prcv'Jed in pro­oriented NMS, consideration is being by product. A report detailing 1983/84 curement planning. A siud\, of urea 
given to developing a large-scale fertilizer product movement by mode of buffer stock requirements wa! made to 
wholesaler network under the second transport and route was completed and facilitate planning of procurement from 
phase of USAID's fertilizer distribution distributed, local factories. A review was made of 
improvement project. The distribution consultant assisted 1984/85 fertilizer import requirements, 

BADC in revising the provision of its by month and by pxrt of receipt. 
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Fertilizer Marketing 

In 1984 IFDC's marketing consultant 
continued to help BADC personnel in-
crease the efficiency of the marketing 
system. Performance of the 1983/84 
marketing plan was monitored. Sales 
targets were established by PDP and 
by product, and advice was given on 
supply procurement and movement 
strategies to overcome spot shortages 
in supply that arose late in 1984. 

The monthly survey that monitors 
fertilizer availability; prices paid by 
farmers; source, usage, and cost of 
credit; fertilizer use rates; sources of in-
formation about fertilizer use; and the 
prices farmers received for their crops 
was expanded to cover 20 districts and 
approximately 1,000 farmers. With the 
assistance of an IFDC Headquarters' 
economist, the marketing resident con-
sultant revised the farmer question-
naire to facilitate data tabulation and 
analysis by computer. Computerization 
of the survey data began in November 
1984. 

Monitoring of the BADC fertilizer 
wholesaler credit program, in which 
the loans were secured by bank guar-
antees, indicated that the program was 
operating effectively with no defaults 
recorded. It was recommenoed that 
credit fund availability be increased 
and greater dealer participation 
encouraged. 

Dealer Development 
and Training 

Dealer training continued to receive 
high priority because of the important 
role of dealers in influencing and pro-
moting increased and more efficient 
use of fertilizers by farmers. 

BADC district dealer training officers 
took part in "train-the-trainer" pro-
grams designed to expand and 
strengthen their knowledge on the sub-
jects of fertilizer marketing. This infor-
mation was in turn passed on to 
fertilizer dealers at district-level 

meetings conducted by BADC trainers 
and often attended by BADC manage-
ment and senior-level marketing per-
sonnel. Response to dealer training 
meetings remains highly favorable, 

The IFDC resident consultant 
assisted BADC in reviewing planned 
revisions in dealer-oriented sales pro-
motion and technical assistance train-
ing aids including preparation of soils 
maps and fertilizer recommendations 
based on the best information available 
from the Bangladesh Agricultural 
Research Council (BARC) and other 
governrr nt research organizations. 
Work was continued on updating the 
curricula for both train-the-trainer and 
dealer training meetings. 

Special Projects 

Agronomic Services 

A Coordinated Fertilizer Efficiency 
Research Project was carried out by 
IFDC in association with BARC and its 
affiliated organizations. 

The objectives of the project are to: 
1. 	Determine the efficiency of deep 

placement of urea in the soil 
relative to split applications of 
broadcast urea for rice production. 

2. 	Test and modify prototype ap-
plicators for fertilizer placement in 
paddy. 

3. 	 Provide training for specialists in 
fertilizer efficiency research. 

In1984 nitrogen management ex-
periments were continued and phos-
phate source tests initiated on rice 
grown in successive seasons on a 
series of principal types of soil. In the 
nitrogen test program, conducted at an 
experiment station, basal applications 
of deep point-placed urea generally 
outperformed conventional split broad-
cast applications of urea in terms of 
yield response and agronomic efficien­
cy (kilograms of paddy produced per 
kilogram of nitrogen). Results of ex-
periments during 1983 Aus and Boro 
seasons indicated that in several loca-
tions yield responses to urea may be 

increased by 25/a to 50/a through 
deep placement of urea. Net returns 
from deep-placed urea were higher 
than those from split broadcast urea in 
most experiments after the additional 
labor costs for the former method were 
taken into account. An analysis was 
made of the status of the micronutrient 
zinc, its use, supply, and short-term 
future demand in Bangladesh. In­
creased use of zinc is foreseen as zinc 
deficiencies in rice and other crops 
become more pronounced with more 
intensified crop production. 

Prototype applicators for placing 
urea into soil were obtained from IRRI 
and Fujian Academy of Agricultural 
Sciences, China. Evaluation of the per­
formance of the applicators in approx­
imately 150-M 2 plots revealed that all 
of the continuous-feed applicators had 
a field capacity of 0.13-0.18 ha/hour and 
were relatively easy to operate. The 
cup-feed applicators provided the best 
metering accuracy. However, the 
spring-auger and deep-plunger appli­
cators resulted in best placement and 
coverage of the urea (lowest percent­
age of applied N in the floodwater at 
24 hours after application). The vari­
ability in quantity o, iitrogen entering 
the floodwater wher, urea was hand 
deep-placed shows the importance of 
proper placement and coverage of the 
urea when this method is used. The 
lack of precision in hand placing the 
urea during the various experiments 
may be one variable that has caused 
differences in relative efficiencies 
among the methods of application. 

Surveys were conducted at three 
cropping systems research sites to 
determine farmers' fertilization prac­
tices. The data were used in the design 
of on-farm Nmanagement trials. A high 
percentage of farmers use manure, 
and all use fertilizer. Most farmers 
generally use more nitrogen and phos­
phate than potash. 

Fertilizer Pricing Policy 

In 1984 IFDC completed a study of 
the economic impact of fertilizer price 
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deregulation on farm-level fertilizer 
prices. The time series data used in 
this analysis were generated from the 
farmer fertilizer surveys carried out by 
the IFDC marketing consultant. The 
study dealt with actual retail prices paid 
by farmers for urea, TSP, and muriate 
of potash. It compared the economic 
implications in three distinct phases of 
fertilizer price policy: (1) price regula-
tion throughout the country, (2) seg-
mented market with price deregulation 
in one part of the country (effective 
Apiil 1, 1982) and price regulation in 
the other, and (3) price deregulation in 
the country (effective April 1, 1983). 

Selected conclusions of the study 
are as follows: first, price levels and 
variability were higher in deregulated 
market areas than regulated market 
areas. However, these differences 
could not be attributed to the initiation 
of price deregulation policy. Both price 
differences and variability declined as 
Bangladesh converted its fertilizer poli-
cies from complete price regulation to 
complete price deregulation. 

Second, the actual fertilizer prices 
paid by farmers were generally not the 

same as those established by the 
government. Even though government 
prices did serve as a reference for mar­
ket prices, the policy was not really ef­
fective. Under deregulation, all the 
resources needed to enforce the 
government's price policy can be 
saved and invested in alternative pro­
jects having greater economic returns. 

Third, the actual fertilizer subsidy 
was higher than the estimates indicate. 
Government intervention through fertil­
izer subsidy tends to lead to misalloca­
tion of resources and hence reduction 
in resource use efficiency. However, 
any effort to lower fertilizer subsidy 
must be accompanied by elimination 
of controls on crop prices and an im­
provement in fertilizer productivity. 

Fourth, the economic impact of fertil­
izer price deregulation on retail fertil­
izer prices would be favorable only 
under an efficient fertilizer marketing 
system, stable fertilizer supply situa­
tion, and competition among fertilizer 
dealers. Price regulation would not 

solve the basic problem of inefficien-
cies in the system. 

The results of this study and its impli-
cations for fertilizer pricing policy in 
Bangladesh and other developing 
countries were presented in the report 
entitled "Fertilizer Price Deregulation 
and Public Policy-The Case of 
Bangladesh." 

Personnel Training 

IFDC continued to provide training to 
personnel from BADC and other gov-
ernment organizations. Personnel par-
ticipated in IFDC-sponsored training 
programs at Headquarters and in 
Bangladesh. 

The IFDC dealer development and 
training resident consultant, in 
cooperation with an International 
Agricultural Development Service 
(lADS) resident consultant and BARC 
staff members, developed and con-
ducted a Fertlizer Efficiency Research 
Refresher Course in Bangladesh. This 
was a followup to a similar course held 

in 1983. The program was funded by 
a USAID program administered by 
lADS. Thirty-two participants from nine 
Bangladesh agricultural research and 
extension organizations took part in the 
3-week program whose main objective 
was to strengthen the participants' 
skills in collecting, organizing, and 
analyzing the results of fertilizer effi­
ciency trials at the experiment station 
and farm level. 

IFDC resident consultants assisted 
BADC in organizing and conducting a 
2-week, in-country fertilizer marketing 
management program for 31 members 
of BADC marketing staff. On the basis 
of the positive response from BADC 
management and staff, similar in­
country programs are planned for the 
future. 

Representatives of BADC and the 
Ministry of Agriculture of Bangladesh 
participated in IFDC's training pro­
grams on (1)Use of Microcomputers for 
Fertilizer Sector Personnel, (2) Statis­
tics and Economics of Fertilizer Use, 
and (3) Fertilizer Distribution and 
Handling Training Program. 

Participants establish an experiment during IFDCs Fertilizer Efficiency Research 
Refresher Course in Bangladesh. 
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Indonesia 

IFDC and the Agency for Agricultural 
Research and Development have col-
laborated since 1982 on a joint project 
to improve fertilizer efficiency on food 
crops. This project is funded primarily 
by the Australian Development Assis-
tance Bureau. Three IFDC resident 
consultants are located at the Centre 
for Soils Research (CSR). Through 
CSR they advise and assist three work­
ing groups (Lowland, Upland, and 
Socioeconomic) of the National Fertil­
izer Efficiency Program on activities 
related to the objectives of the Pro-
gram. The working groups are search­
ing for ways to improve nitrogen 
efficiency in flooded rice, to identify fer­
tilizer management systems that will 
prove effective on upland crops, and to 
evaluate the economic and social con­
sequences of this research. 

Rice is a major food crop produced 
and coosumed in Indonesia. Eighty 
percent of the nitrogen used in In­
donesia is applied to rice. Since the ef-
ficiency of fertilizer nitrogen applied to 
rice is known to be low, a major por­
tion of the 1984 program activities was 
dedicated to identifying the causes of 

low nitrogen efficiency in Indonesian 
rice production and evaluating 
technologies that will afford an 
Most of these activities have been 
cente i thee Scviioeconom an 

Lowland Working Groups. 

Socioeconomic 
Working Group 
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Indonesian workers transplant rice at 

that will allow further evaluation of this 
technology. There were three compo-
nents of this evaluation: (1) technical 
and economic assessment of produc-

ing and marketing USG, (2) technical 
and economic evaluation of hand-
versus machine-placed USG, and (3) 
evaluation of the effectiveness of USG 

technology in farmers' fields. 

Economic Assessment of 
Producing and Marketing USG__ 

Prevousreserchin
ndonsiaand2.
Previous research in Indonesia and 
research done by the International Net-
work for Soil Fertility and Fertilizer 
Evaluation for Rice (INSFFER) has 
shown that deep placement of nitrogen 
is an effective means of improving 
nitrogen recovery by the rice plant and 
increasing yields. 

A primary activity of the Socio-
economic Working Group during 1984 

was to conduct a technical and eco-
nomic evaluaon of urea deep-
nomi evluaionofuea eep 
placement technology as it applied to 

Indonesia and to establish pilot areas 

The objective of this assessment 
was to develop a reasonably accurate 
estimate of the expected farm-gate cost 
of USG in Indonesia. It should be noted 
that there had been no commercial 
production of USG by any process and, 
therefore, it was necessary to make a 

number of assumptions where con-
crete data were lacking. As a result, a 

substantial margin of uncertainty exists 

'
 
-. ,." 

inthe projected costs and technicalin
inthe rojcte cots ad tchncal 
suitability of the alternative processes 
considered. The cost of producing 

. 

. . ,,/
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a Centre for Soil Research pilot area. 

USG on a commercial scale was corn­
pared with the cost of producing this 
material in research and development­
scale production units. These costs 

were then compared with the cost of 
producing prills in a newly built 
commercial-scale plant. The key con­
clusions are: 

1 .
 The plant-gate cost of USG in a 
commercial-scale plant would be 
about 5% more per ton than that 
of prilled urea-US $148/ton for 

USG as compared with US $141/ 
ton for prilled urea.Over the short term, the costs of 
marke s Gr e te t o be 
30k/350/ Smore tha to e 

prills, but over the long run there 
should be no difference. This is 
becuse o dthereltel low 

th e relatived low 
throughput and specialized nan­
dling requirements of USG. Based 
on the assumption that a USG pro­

duction site is in Sumatra and the 
Java, the marketing costsof USG are expected to be about 

US $58-$63ton depending on the 

method of transport used. This 
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compares with a marketing cost of 
about US $44/ton for urea prills. 

3. 	 The farm-gate price of USG will be 
50/o-12% higher than unsubsidized 
prilled urea because of increased 
marketing costs of USG. 

4. 	 Small-sk ale USG production units 
may be feasible in special situa-
tions. Initially the market is not like- 
ly to be large enough to justify a 
national-scale (1,750 tons/day) 
USG plant. Smaller production 
units are needed to develop the 
market and/or carry out the need-
ed research and development to 
solve some of the technical prob-
lems associated with producing 
USG. The working group looked at 
the options and compared two 
other possibilities for producing 
USG. One was to retrofit an exist-
ing urea plant to produce USG at 
the rate of 250 tons/day. The other 
option was to build a special bri-
quetting unit (500 tons/day) in the 
center of the market. This compari-
son revealed that the farm-gate 

-cost of USG would be about 24/o 
27% more than that of unsubsi­
dized prilled urea being produced 
and marketed from urea production 
units currently operating at these 
locations. However, the USG costs 
were below those for prilled urea 
produced in newly built, large-scale 
commercial plants. 

Technical Evaluation of Hand 
Deep Placement Versus 
Mechanical Deep Placement 
of Urea 

While deep placement of urea is 
known to result in greater nitrogen re­
co ery by the rice plant and higher 
yields than broadcast prilled urea, 
hand placement seems to be the only 
practical means of accomplishing this 
at this stage in the small rice fields of 
Indonesia. Two institutions, IRRI and 
the Fujian Academy of Agricultural Sci­
ences (FAAS), have done research on 
applicators and have released several 
for field testing. Tests were made at 

Sukamandi Research Istitute for Food was well tilled (three passes 
Crops and at Muara, near Bogor, to with a rotary cultivator). 
compare methods of deep placement b. The metering of fertilizer varies 
under two levels of land preparation markedly among machines de­
(one pass with a rotary cultivator ver- pending partly on water and 
sus three passes). Five methods of fer- soil conditions. The spring au­
tilizer application were compared: ger ws the least accurate of 
1. 	 Broadcast application of prilled the machioes tested, dispens­

urea. ing 8% less fertilizer than the 
2. 	 Deep placement of USG by hand. calibrated value when land pre­
3. 	 Deep placement of USG with paration was poor to 19% more 

Chinese cup feeder applicator, when the land preparation was 
4. 	 Deep placement of USG with IRRI good. T-he press wedge had 

press wedge applicator, the most accurate metering of 
5. 	 Deep placement of prilled urea the applicators tested varying 

with IRRI spring auger applicator, less than 2% from the desired 
Results of these trials can be sum- rate. 

marized as follows: c. All applicators allowed too 
1. 	 None of the machines tested ap- much urea nitrogen to enter 

pear to be ready for distribution to the floodwater. 
the farmers. 2. The labor required to apply fertil­
a. 	 Land preparation greatly af- izer varied markedly with the meth­

fects the performance of od of application. The number of 
mechanical applicators. All hours required per hectare to apply 
mechanical applicators per- 58 kg of nitrogen using the various 
formed better wheo the land methods were as follows: 

An Indonesian worker uses a mechanical applicator to deep place urea 
supergranules. 
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Surface broadcast 5.0 hours 
Deep placement by hand 

(USG) 	 80.0 hours 
Deep placement by machine 

Chinese cup feed (USG) 13.4 hours 
Press wedge (USG) 9.9 hours 
Spring auger (prilled urea) 9.4 hours 

3. 	 Hand deep placement by unskilled 
workers resulted in unusually high 
concentrations of nitrogen in the 
floodwater. These concentrations 
were reduced markedly when work 
was done by researchers or by 
farm laborers instructed in the im-
portance of proper placement and 
coverage, 

Economic Analysis of Deep 
Placement of Urea-
Farm Level Evaluation_ 

Detailed economic studies were 
made to compare (1)broadcast appli-
cation of urea with hand deep place- 
ment of USG and (2) alternative 
methods of deep placement (hand ver- 
sus machine). Results of these studies 
are summarized as follows: 
1. 	 The economics of hand deep-

placed USG is strongly affected by 
price. The economic superiority of 
USG was greatest when urea was 
not subsidized (prices higher). 
Under present subsidized prices in 
Indonesia (urea farm-gate price of 
US $82/ton), USG is economically 
superior where pril!ed urea is sur-
face broadcast at a rate of 120 
kg/ha or less. The estimated eco-
nomics of deep-placed USG im-
proves where the economic prices 
of USG and prilled urea are com-
pared (US $185/ton for prilled urea 
and US $206/ton for USG). 

2. 	 The economics of machine deep 
placement of urea is highly depen-
dent on the operating cost of the 
machine and the price of the urea. 
The cost of deep placement of urea 
by use of a machine has not been 
established because no suitable 
applicators have been developed 
that can duplicate the effectiveness 
of hand deep-placed urea. How-

ever, it is known that the cost of 
hand placement of urea at a rate 
of 58 kg/ha is about US $12/ha (at 

the 	present wage rate in Indone-
sia). It is also known that the costs 
of mechanical and hand applica-
tion are the same when the operat-
ing cost of the applicator is about 
US $6.20/ha. For applicator-placed 
USG or briquettes to have a higher 
net return than hand-placed USG 
or briquettes, the operating cost of 
the applicator must be less than 
US $6.20/ha. 

Conclusions drawn thus far indi­
cate that higher yields and greater 
economic returns are possible with 
urea deep placement compared 
with conventional broadcast ap-
plication of prilled urea. The magni-
tude of this gain will depend on 
such factors as crop response to 
fertilizer and cost, including ap-
plication and amount of fertilizer 
used by the farmer. 

Farm Surveys 

A questionnaire was distributed 
among the farmers to obtain a profile 
of the prratices followed in two pilot 
areas. Information gathered included 
farm size, ownership, use of credit, and 
farming practices, including levels of 
fertilizer use, water management, use 
of labor, etc. Preliminary findings in-
dicate the following: 
1. 	 Rice farmers in the Subang area 

(West Java) may be using more 
nitrogen than the agronomic op-
timum. They apply an average of 
160 kg N/ha and on rare occasions 
up to 400 kg N/ha. 

2. 	 Farmers in Ngawi (East Java) use 
considerable quantities of organic 
manure; more than one-half of 
those interviewed used organic 
manures as well as chemical fer-
tilizer nitrogen. 

3. 	 Residual levels of nitrogen in the 
soil may limit nitrogen response in 
farmers' fields. Experiments con-
ducted in farmers' fields in the 
Subang survey area showed that 

the maximum yields were obtained 
with only 58 kg N/ha. The general
recommendation for rice is 90 kg 

N/ha. The pilot-area nitrogen trials 
in farmers' fields of West Java 
showed no response to nitrogen. 
This may be cdiue to high residual 
nitrogEn or nitrogen additions from 
neighboring paddy through con­
tinuous flow of paddy water. 

Lowland Working Group 

The resident consultant assigned to 
work with the Lowland Working Group 
spent most of his time identifying the 
magnitude of fertilizer nitrogen losses 
in rice, determining some of the causes 
of these losses, and suggesting strate­
gies that might effectively curb these 
losses. Some of his key findings and 
implications of this research were: 
1. 	 Usage of nitrogen beyond the agro­

nomic optimum increases the 
empty rice spikelets. In all experi­
ments conducted, an excess of 
urea did not decrease the recovery 
of fertilizer nitrogen by the plant. 
However, the proportionately high­
er concentration of nitrogen in the 
plant with an increased application 
rate induced a higher percentage 
of empty spikelets. 

2. 	Ammonia volatilization losses from 
broadcast urea can be high, but 
vary with soil type and floodwater 
depth. Under the conditions at 
Sukamandi Research Institute for 
Food Crops, the ammonia volatili­
zation losses can be high (up to 
60% of nitrogen applied) in flood­
water when urea is broadcast. 

With soils near Bogor and in the 
Subang district (both in West Java), 
much lower ammoniacal nitrogen 
concentrations in the floodwater 
were observed for the same 
amounts of urea applied and am­
monia losses were, therefore, 
lower. This may be due to their 
oigher cation-exchange capacities 
compared with those soils of the 
Sukamandi area. 
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Mali 
3. 	 When prilled urea is broadcast, Use of Tilemsi Phosphate Rock The program as it now stands corn­

most of it should be applied be- bines, therefore, the research and 
tween 3 and 5 weeks after trans- development activities needed as a 
planting because little base for futurevery Since 1981 IFDC, with the support of farm-level action 
nitrogen is taken up by the plant the International Development programs. 
before that time. Research Centre (IDRC) and the World 

4. 	 Urease inhibitois or controlled- Bank, has been assisting Malian 
release coatings may not be research and development organiza- On-Station Experiments 
effective in increasing nitrogen ef- tions in lding the best possible
ficiency of urea where continuous agricultu,, use for Mali's 20-million-ton On all of the research stations, the 
flow of irrigation water prevails, deposit of high-quality phosphate rock phosphate level of the soil was very

5. 	 Deep placement of urea is likely to located in the Tilemsi Valley, north of low, and good response could be an­
be more effective under farmers' Gao. The objective of this work is to ticipated. Experimental trials were con­
water management than experi- identify the best way of using the ducted at 10 selected research station 
mental results indicate because in Tilemsi rock so that reliance on expen- sites representing the major soils, 
the experimental plots floodwater is sive imported phosphate fertilizers can climatic patterns, and cropping se­
kept stationary and its depth main- be reduced or even eliminated. There- quences in Mali. Four types of experi­
tained by water additions. This fore, sophisticated research station ments were designeu as follows: 
minimizes the runoff losses of trials comparing ground Tilemsi rock, 1. Response to annual application of 
prilled urea that naturally occur in PAPR at 15% or 30% acidulation from phosphate rock, PAPR, and TSP at 
the farmers' fields where there is Tilemsi rock, and imported TSP were four application rates, supplemen­
continuous flow of irrigation water. established in 1982. The trials were tary to aone-time basal application
Thus, the experimental results in- complex as comparative information of phosphate rock at three applica­
dicate an unrealistic yield for was needed not only on various forms tion rates. 
broadcast urea over deep-placed of phosphate but also on the influence 2. Response to basal application of 
urea, which encounters practical- of rates and methodology of applica- phosphate rock, PAPR, and TSP at 
ly no runoff loss in either case. tion; the expected importance of five application rates. 

6. 	 The nitrogen fertilizer efficiency of residual effects was considered. 3. Response to annual application of 
deep-plac.d urea is comparatively The effects of the major climatic fac- phosphate rock, PAPR, and TSP at
higher when the application rates tors and crops of Miii on physicai crop five application rates. 
are low. response to phosphaie were also 4. Response to annual application of 

7. 	 Deep placement of urea by farmers studied. This information was needed phosphate rock, PAPR, and TSP at 
could result in a substantial saving to develop a model for the phosphate four application rates and com­
of irrigation water on Java. InWest fertilLzation of Malian crops that could parison of three placement meth­
and Central Java many farmers be used as a guide for the government ods: broadcast, banded, or hill 
drain their fields just before they and th9 farmers on the most suitable placement.
broadcast urea. After fertilizer ap- use of phosphate in agricultural The general response model devel­
plication, the fields are left in this production. oped shows the outstanding perfor­
drained condition for 3 to 5 days, Based on the early results from mance of Tilemsi phosphate rock when 
and then the field is reirrigated. these research trials, simplified farm- used both annually and as basal appli-
Deep placement of urea may elimi- level trials on cotton and maize were cations on maize, cotton, and rice. In 
nate the need for this practice. established under the sponsorship of the regression model with the ex­

the World Bank-funded Mali-Sud Pro- periments on maize the most critical 
Upland Working Group ject of the Compagnie Malienne Pour factors affecting the crops' response to

le Developpement des Textiles both annual and basal applications of 
(CMDT). phosphate rock we-e the pH of the soilActivities of the Upland Working All fieldwork was carried out by the and the rainfall during a period that ex-

Group were focused in the Outer Is- Division de la Recherche Agronomique tended from 10 days before to 20 days
lands. Attention was directed toward (DRA) of the Institut d'Economie after planting. Inthe regression model 
evaluation of PAPR, phosphorus, and Rurale (IER) with IFDC providing the with groundnuts the most critical fac­
lime rate studies, and phosphorus in- necessary support. The work with ihe tors were the pH of the soil and the 
teraction9 with other nutrients in the CMDT, of necessity, involved the field rainfall between 10 days before and 50 
soil. The number of experimental sites staff of CMDT who cooperated closely days after planting. Inthe model for the 
was increased to 11; locations in West with DRA/IER and IFDC in the conduct sorghum and cotton experiments, the 
Java, Sumatra, Kalimantan, and of the farm trials, shorter rainfall periods of 10 days 
Sulawesi are now included. 
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before to 20 days after planting and the 
longer rainfall period from 10 days 
before to 50 days after planting were 
both significant. As rainfall becomes 
more favorable, i.e., with generally bet-
ter crop establishment, the response to 
direct application of phosphate rock 
improves, 

In experiments where annual phos-
phates followed basal phosphate rock 
application, annual requirements for 
phosphate applications were reduced 
markedly. The largest r3sidual effect of 
basal application occurred in the sec-
ond year. This residual effect could, 
depending on local conditions (mainly 
climatic), be so important that no re-
sponse to additional phosphate appli-
cation was observed on second year's 
maize or third year's cotton. On 
sorghum, phosphate rock application 
can be recommended as quite good 
response was observed. In the millet- 
growing area, although TSP shows the 
highest net return, phosphate rock can 
be recommended for this low-input and 
low-income crop. Groundnut response 
to phosphate fertilizer was very limited 
in all zones. 

Based on these series of experi-
ments, the work in Mali has been able 
to show that, provided the necessary 
complementary fertilizer nutrients are 
applied, Malian farmers can effective-
ly use Tilemsi phosphate rock as the 
phosphorus component in their fertil-
ization practice. On very low phos-
phorus status soils, supplementary 
applications of soluble phosphate may 
initially be required to achieve max-
imum profits. 

Experiments on irrigated rice in the 
Office du Niger show that phosphate 
rock can be effectively used for that 
crop also. 

Farm-Level Trials 

The number of farm-level trials on 
maize and cotton in the CMDT zone 
was increased from 60 in 1983 to 96 
in 1984 and included all of the regions 
in the CMDT intervention area. The 
trials were supervised by he IER in 

close collaboration with the CMDT per­
sonnel. A simple nonreplicated 4-plot 
experiment comparing a zero phos­
phate check, the recommended prac­
tice using soluble complex fertilizer, 
and two application rates of phosphate 
rock (60 and 120 kg P2O5/ha) was used 
at each of t;.e 96 farms. 

Results show that in the CMDT zone, 
phosphate rock, supplemented by the 
necessary N, K, and S at the same 
level as in the cotton mix, can sustain 
yield levels similar to those obtained by 
the recommended fertilization. In addi­
tion, this work has shown that crop re­
sponse to phosphate fertilizer under 
farm conditions is rnuch lower than an­
ticipated and that the rates currently 
recommended for phosphate rock in 
the CMDT zone are much too high­
they could probably be reduced by 
half. The on-station trials indicated that 
phosphate rock could replace soluble 
phosphates as of the second year after 
application, and this fact has been con­
firmed in farmers' field trials. 

Interviews with farmers have indicat­
ed that they were very enthusiastic 
about phosphate rock because it is 
effective and relatively cheap (US 
$0.236/kg P2O5 compared with US 
$0.606/kg P205 for the cotton mix; 
moreover, they appear to be proud that 
a Malian product could replace a major 
element in the expensive imported cot­
ton mix fertilizer. The dustiness of the 
phosphate rock, seen by the extension 
service as a major obstacle to its use, 
has only limited negative impact on 
I.,eir enthusiasm once they understand 
the economics of phosphate rock use. 
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Technical Assistance
 
Technical assistance isone of the ways that IFDC's research 

and development accomplishments are transferred to fertil-
izer sector personnel indeveloping countries. IFDC research 
personnel and technicians keep abreast of all technologies 
that have potential for helping developing countries improve 
their food production. 

During 1984 most of IFDC's technical assistance activity 
was centered inAfrica, with projects inBurkina Faso, Camer-
oon, Egypt, the Ivory Coast, Niger, and Nigeria. Other 
activities involved Malaysia, the 
People's Republic of China, and 
the Philippines inAsia; inLatin 
America, activities wee focused 
cn Brazil, Ecuador, Mexico, and 
Venezuela. 

Various types of work are in-
volved inthe technical assistance 
component. For example, it may 
include helping improve the pro­

duction capability of aspecific fertilizer plant, increasing the 
effectiveness of amarketing system, assisting inmaking a 
decision relative to pricing policy, or providing guidance on 
future investments infertilizer production or marketing. 

Since technical assistance represents apractical applica­
tion of fertilizer technology, its results are easily measurable 
interms of production increases and cost reductions. Fertilizer 
plant modificaticns to improve operation, upda!e existing 
facilities, or include new technology are not ini­

tiated unless results of increased 
- efficiency, increased production, 

or lower costs are expected. Ex­
amples of the benefits experi­
enced by various recipients of 
IFDC's technical assistance are 
given inthe booklet, The IFDC 
Story, IFDC-G-5, which is 
available free of charge. 
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________________ 

Africa 

Improvement of Research 

Capability at Egyptian 

National Research Centre 


Through funding from the U.S. Na-
tol Acadmy ofrSciees,U.S. Ntional Academy of Sciences, IFDCpreviously supplied a bench-scale wet-

process phosphoric acid unit to theEgyptian National Research Centre.
Egin N984ana Reneser Cent. 
During 1984 an IFDC engineer spent 
4 weeks in Egypt to assist in initial start-
up and operation of the unit using 
selected Egyptian ores. The unit pro-
dues filter-grade (28%-30% P205)phosphoric acid, which is batch con­
centrated to merchant grade (54o
Pcen). This facility represents the first 
P20 Thitsfacilibinstalled in Egypt.
of its type to be 

Studies of Partially 
Acidulated Rock for Ni 

iger 

Asesearcpartprart ofof its Africanis fertilizercnfrtiie 
research program, IFDC is conducting 
agronomic evaluation of Parc ospha 
phate rock from Niger for phosphate 
fertilizer production at IFDC. Parc W 
phosphate rock has been used to pro-
duce PAPR-granular and run-of-pile. 
It is also a suitable raw material for 
making SSR Niger also has another 
rock deposit at Tahoua, but IFDC has 
no firsthand experience in processing 
rock from this source. 

USAID sponsored a technical/ 
economic evaluation of using Parc W 
and Tahoua rocks in Niger to produce 
PAPR in granular or semigranular 
forms. Phosphate rock would be acidu-late d with sulfu ric a c id. The fo ur 
schemes that IFDC evaluated were:PAP1.heme tatp ealusigard wrok 
1. 	 100-tpd PAPR using Parc W rock 

2. 	 100-tpd PAPR using Parc W rock 
to make a granular product. 

3. 	 200-tpd PAPR using Parc W rock 
to make a semigranular product. 

4. 	 75-tpd PAPR using Tahoua rock to 
make a semigranular product. 

SSP constitutes a major share of 
phosphate fertilizer used in Niger. The 
study compared domestically pro-

duced PAPR with imported SSR De-
mand for phosphate was projected to 
the year 2000. The study team
estimated investment and production 
costs and internal rates of return. They 
considered the economic impact on 
the country that would be caused byinstallation of a domestic fertilizerplant. On the basis of assumptions 
used, theesis inatta
used, the estimates indicated that 
domestic production of PAPR would be 
economically feasible. Specifically, the 
unsubsidized retail price of PAPR is 
almost 15% lower than the unsubsi-
dized retail price of imported SSR The 
annual financial saving through PAPR 

production over SSP imports could be 
US $0.9 million in the first year and US 
$1.6 million in the third year of plant
operation. 

Nigeria Fertilizer Marketing 
DerloM en 

Strategy Development 

During 1984 IFDC continued to pro-
vide the M. W.Kellogg Company with 
technical assistance in developing a 
marketing system to off-take production 
of the Port Harcourt (Nigeria) fertilizer 
complex that is undei construction. 
The on-stream date ior the 1,000-ton-
per-day ammonia, 1,500-ton-per-day 
urea, and 1,000-ton-per-day DAP, and 
other NPK compound fertilizer facility 
has been delayed because other con-
tractual agreements had to be com-
pleted. The new estimated date for 
starting the facility is mid-1987. 

The National Fertilizer Company of 
Nigeria (NAFCON), a company jointly 

owned by the Nigerian Government
and Kellogg, , w s formedf r to managem ean Kel g was d t o a 

the production and marketing functions 
of the Port Harcourt fertilizer complex.
During late 1983 Kellogg recruitedthree staff members for NAFCON to 
assist the Fertilizer Procurement and 
Distribution Division of the Federal 
Ministry of Agriculture in procurement, 
distribution, and financing of fertilizers 
for 1984 and 1985. InJune 1984 NAF-
CON submitted a plan for ensuring 
responsibility for the procurement and 
marketing of fertilizers. IFDC assisted 

with the plan of action and also gave 
assistance to the NAFCON team on 
fertilizer specifications and seeding 
program activities. 

Fertilizer Sector Studyfor the Ivory Coast 

At the request of the World 
Bank/Ivory Coast, an IFDC team 
reviewed the fertilizer situation in the 
Ivory Coast and made recommenda­
tions for further studies aimed at im­
proving its fertilizer supply, distribution, 

marketing, and efficiency of use. 
The IFDC mission made proposals 

for needed in-depth studies to improve
the fertilizer supply and marketing 
systems. The existing fertilizer factory 
of Siveng, inthe port area of Abidjan, 
has a granulation unit based on the 
use of imported materials. This is an 
efficiently run but fairly small-scale 
operation. A study of Siveng produc­tion costs and consideration of bulk 
blending and importing fertilizers in 
bulk were suggested as a means to im­
prove supply flexibility and reduce 
costs. 

Recommendations were also made 
for studies to improve the system for 
the marketing of fertilizer, including 
consideration of current government 
policy, use of private organizaions, and 
effective coordination of agronomic 

research, fertilizer research, and exten­sion activities. 

Feasibility Study for 
Burkina Faso Fertilizer Plant-______________ 

In November 1983 IFDC signed a 
contract with the Government ofBurkina Faso (formerly Upper Volta) to 
conduct astudy to determine the feasi­
bility of that country's building a fertil­
izer plant. In December 1983 project 
team members visited Burkina Faso 
and Ivory Coast to collect data and in­
formation for use in the feasibility 
study.Three production schemes were 
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for increased food production is to be 
realized. The present fertilizer market­
ing system is loosely structured and 
restrains fertilizer use. The major con­
straints identified were: unavailability of 
a timely supply, inadequate roads and 
transportation system, lack o, educa­
tional programs, high fertilizer prices, 
and lack of government support, 
especially in guaranteed crop prices 
and organized markets for produce. 

The study pointed out a need to 
determine the most appropriate fertil­
izer for the principal crops by major 
ecologicai zones and soil types. "he 
development of response curves and 
benefit:cost ratios using modern trial 
design and statistical and economical 
analyses for farm-level evaluation is 

During a World Bank Mission, Dr Dennis H. Parish, Director of IFDC's Outreach needed, particularly for foorA crops. 
Division (second from right), discusses cotton production with an Ivory Coast ex- The study team recommended that 
tension agent and farmers. the use of high-analysis bulk straight 

fertilizer and bulk-blended NPK fertil­
izers be considered because this could 
be less expensive than shipping, trans­

originally considered in the study: (3) relative low cost of imported phos- porting, handling, and baggingrhe im­

(1)an NPK bulk-blending and bagging phate fertilizer on the basis of current- fertilizers and ammonium sulfate cur­

plant, (2)a PAPR plant, and (3)a PAPR ly imported NPK compound fertilizers.
 
plant in conjunction with an NPK bulk- The team developed recommenda- rently being used.
 

blending plant. Plans for the PAPR tions for the implementation of a bulk- The study, when completed, should

establish the most appropriate type

plants were developed on the basis of blending and bagging facility, and quantities of fertilizers needed for 
partial acidulation of Burkina Faso's pnc ra the o siilites o 
Kodjari phosphate rock using sulfuric principal crops, the possibilities of a 

acid. Cameroon Fertilizer bulk blending and bagging plant for an 
The teamn members assessed the Sector Study economica.l source of fertilizer supply,and the modification in the present 

technical and economic viability of the San modiictio rit prthreshems.maufaturngheymarketing system necessary to over­
come the marketing constraints andevaluated both importation and manu- USAID/Cameroon requested the make it cost effective and efficient. 

facture of sulfuric acid for PAPR pro- assistance of IFDC in carrying out a 
duction. The study team estimated preliminary study of the Cameroon fer­
capital investment requirement!, tilizer sector to develop the terms of 
manufacturing costs, and internal rate reference for an in-depth fertilizer study 
of returns on the basis of technical data designed to find ways of improving the 
developed for each scheme. They marketing of fertilizers in Cameroon. 
analyzed the sensitivity of manufactur- Two IFDC staff members visited 
ing cost estimates and internal rate of Cameroon to gather data and back­
returns with respect to principal inputs ground information on all aspects of 
and estimated foreign exchange sav- fertilizer importing and marketing. 
ings for each scheme. The study team's findings indicated 

Results of the study indicated that that an efficient fertilizer supply system 
only part of scheme 3-the bulk- must be developed if the full potential 
blending and bagging facility 
scheme-provides a basis for an 
economically viable project. The prin­
cipal factors resulting in unfavorable 
economics for PAPR production were 
(1)small plant capacities, (2)high trans­
portation cost for phosphate rock, and 39 



Asia 

Study of Research and 
Design Institutes of China 
Fertilizer Development Center 

In early 1984 the People's Republic 
of China established the China Fertil-
izer Development Center (CFDC). The 
CFDC is the planning/coordinating 
body for eight existing fertilizer 
research and design institutes. A pro-
gram was developed to strengthen the 
CFDC and the institutes through pro-
curement of new research equipment, 
computer hardware/software, ard train-
ing. An IFDC engineer participated in 
a World Bank r ssion to advise the 
CFDC and member institutes in the 
above categories. 

Latin America 

Startup of Pipe-Cross 
Reactor inBrazil 

At the request of Quimbrasil, an 
IFDC engineer and a TVA engineer 
traveled to Brazil to assist in the start-
up of a pipe-cross reactor (PCR) 
modification to an existing NPK plant. 
The project began in late 1982 when 
IFDC and TVA agreed to assist Quim-
brasil in the design, installation, and 
startup of the PCR modification. The 
successful startup in April 1984 was 
the culmination of the project. 

Three weeks were spent at the 
Quimbrasil plant during the startup 
operational tests. The plant with the 
new PCR modifications was operated 
to produce a series of NPK grades re-
quested by Quimbrasil. Fuel savings of 
up to 70% were reported for some 
grades. 


Malaysian FPM 
Sendirian Berhad 
Granulation Project 

The FPM plant, developed with 
IFDC assistance, has achieved a level 
of routine operation. An IFDC engineer 
provided some onsite training for the 
p'ant management and operating staff. 
The engineer gave FPM advice on 
methods to overcome the adverse 
physical properties that are inherent in 
urea-based NPK products, especially 
those products that contain water-
soluble magnesium. 

Fertilizer Status 
Profile of Ecuador 

To assist the Government of Ecuador 
(GOE), the U.S. Government sent to 
Ecuador a Presidential Task Force to 
identify areas in agriculture where U.S. 
assistance would be most beneficial to 
that country. 

In p;ieparation for that visit, USAID 
requested IFDC to send a soil scien-
tist and a fertilizer marketing specialist 
to Ecuador to prepare a report for the 
Task Force. The report was expected 
to identify the major problems prevent-
ing the increased use of fertilizer and 
therefore increased crop production. 

The problems facing the GOE are 
severe, and this is particularly the case 
when the task is to improve the produc-
tivity of the small farmers. Several 
major constraints were identified by the 
IFDC mission, and the steps that must 
be taken to overcome these constraints 
were outlined. 

Assistance to 
Philippine Phosphate 
Fertilizer Corporation 

IFDC continued to assist the Philip­
pine Phosphate Fertilizer Corporation 
(PHILPHOS) in activities leading to 
domestic production of phosphate fer­
tilizer. Five onsite IFDC consultants are 
in the Philippines to advise PHILPHOS 
on plant construction and operation. 
Through PHILPHOS funding, IFDC 
supplied to that company a continuous 
bench-scale wet-process phosphoric 
acid and a companion acid concentra­
tion unit. IFDC also procured for 
PHILPHOS a complete pilot system for 
flotation-type beneficiation, which 
should be installed in 1985. The com­
pany will use the equipment for train­
ing and to evaluate local ores and ore 
mixtures for phosphoric acid 
production. 

Marketing Study 
for Venezuela 

During 1984 IFDC performed a fer­
tilizer supply, marketing, and distribu­
tion study for Petroleos de Venezuela, 
S.A. (PDVSA). PDVSA's responsibilities 
for administering the nation's oil in­
dustry include the production and mar­
keting of fertilizers by its subsidiary, 
Petroquimica de Venezuela, S.A. (PE-
QUIVEN), and the latter's marketing af­
filiate PALMAVEN, S.A. 

This study served to update an 
earlier, comprehensive fertilizer supply 
strategy study, which IFDC conducted 
for PDVSA in 1981. The intervening 
years witnessed significant changes in 
both the national economy and the 
fertilizer sector. The most notable of 
these included a substantial improve­
ment in PEQUIVEN's fertilizer produc­
tion capability and the abrupt removal 
of the longstanding fertilizer subsidy, in 
1981, which raised fertilizer prices by 
as much as 300% and led to a decline 
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1981 study, the team felt that the pro­
jected demand can best be met by 
converting the present manufacturing 
facilities to the production of high­
analysis blended fertilizers instead of
granulated NPK fertilizers, which are 
now being made. 

The IFDC study evaluated the physi­
cal and chemical characteristics of the 
raw materials needed for the manufac­
ture of blen, :d fertilizers and made 
cost estimates for converting the pres­
ent NPK production facilities at Moron 
to the manufacture of blended fertil­
izers. A separate production and distri­
bution cost study concluded that it 
would be more economical to produce 
blends at a single, centrally located 
production unit at Moron rather than at 

Venezuelan workers load fertilizer onto a trailer four smaller regional blending plants. 

Fertilizer Marketing -

in usage by about 30%. The fertilizer projected fertilizer demand for the 

subsidy, in the form of a 50% reduc- period 1984-93. It assessed the types, A technical and economic evaluation 
tion in fertilizer retail prices, was rein- sizes, and locations of fertilizer produc- of alternative marketing systems in­
troduced in March 1984. Also, in the tion facilities needed to satisfy the pro- dicated that the private-dealer market­
interval between the 1981 and 1984 jected demand. The team evaluated ing system proposed by PALMAVEN, 
studies, PALMAVEN assumed the fer- the marketing and distribution system if properly implemented, would provide 
tilizer marketing function previously to find ways to improve its operational expanded market coverage in a more 
handled by VENFERCA, an agency of and cost efficiency while providing cost-effective manner and promote in­
the Ministry of Agriculture. PALMAVEN, farmers with fertilizers and fertilizer-use creased and more efficient fertilizer 
which marketed fertilizers to farmers knowledge necessary to derive max­
mainly through its network of regional imum economic benefits from using use when c aewith mA 
warelojses, was in the trial stages of fertilizer. zo exar o sales sys techanging to a private-dealer marketing To expand sales and enhance the ef­
system. ficiency of fertilizer use in a mannerAs a consequence of a precarious Fertilizer Demand that would ensure maximum economicinancial situation, induced by lowered Demndbenefit to farmers, the study suggestedthat technical assistance to farmers revenues resulting from the growing Using statistical regression models should be increased through dealers 
world oil surplus, Venezuela is placing in which demand was related to and in cooperation with government 
more emphasis on stimulating domes- cropped acreage, fertilizer prices, crop organizations and farmer associations 
tic agricultural output as a means of prices, agricultural credit, and irrigated engaged in extension and farmer 
reducing imports and stemming the acreage, the IFDC team projected fer- assistance. The study recommended 
outflow of foreign exchange. IFDC's tilizer demand. Projections were made strengthening of sales promotion and 
latest study was particularly timely for three scenarios-representing advertising programs based on tested 
since it dealt with the role of fertilizer high, low, and most likely cases. agronomic principles. An organization­
in increasing agricultural output. Its al structure, including functions and 
overall goal was to develop a strategy responsibilities, of a technical services­
for expanding the demand for and in- Fertilizer Supply oriented, dealer-based marketing 
creasing the efficiency of fertilizer use --­
through the application of more cost- The study team determined that system was developed. Principles and 

effective domestic production and PEQUIVEN's NPK granulation plant guidelines for preparing antd imple­

marketing systems; the latter would lacked the capacity to satisfy the pro- menting an overall plan for the pro­

emphasize assistance to farmers in fer- jected demand after 1985. Consistent posed marketing system were also 

tilizer use. To that end, the study team with the recommendations of IFDC's presented. 
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IFDC's training programs are 
designed to develop the technical 
knowledge and managerial skills 
of developing-country personnel 
inall aspects of fertilizer produc­
tion, marketing, and use. These 
programs are adapted to the 
specific needs of individuals, 
organizations, governments, or 
sponsoring agencies interested in 
fertilizer-sector development. 
Training programs are conducted 
for groups and individuals, both 
on aregional basis and at IFDC 
Headquarters. These programs 
draw on the experience of IFDC's 
multidisciplinary team of engi­
neers and marketing specialists to 
provide stimulating and innovative 
training sessions. Training pro­
grams are developed for person­
nel inall phases of fertilizer sector 
operation, including production 
and plant managers, maintenance 
engineers and supervisors, 
marketing specialists, and 
research workers. 

In1984 IFDC conducted eleven 
group training programs; six of 
these programs were held region­
ally, and five were held at Head­
quarters (Table 4). Training was 
provided to 235 participants in 
group training programs and 23 
participants inindividual training 
programs from 45 developing 
countries (Figure 16). 

Training Programs
 



Table 4. 
Summary of IFDC 1984 Training Programs 

Program Location Duration 
Number of 

Participants Countries Represented 

Group Training 

Marketing 

Fertilizer Marketing Management Training Program 

Use of Microcomputers for Fertilizer Sector 
Personnel 

Statistics and Economics of Fertilizer Use 

Fertilizer Distribution and Handlinn Training Program 

Regional Fertilizer Marketing Training Program for 
the Asian Region 

Headquarters 

Headquarters 

Headquarters 

India, Singapore, Indonesia 

Thailand 

6 weeks 

2 weeks 

2 weeks 

17 days 

12 days 

20 

9 

14 

22 

34 

Bangladesh, Burma, Egypt, India, Jordan, 
Malawi, Mexico, Nigeria, Pakistan, the 
Philippines 

Bangladesh, Co!nmbia, India, Indonesia, 
Pakistan, Sri Lanka 

Bangladesh, People's Republic of China, 
Colombia, Guyana, India, Indonesia, 
Saudi Arabia, Sri Lanka, the Philippines 
Bangladesh, Bhutan, Burma, India, In­
donesia, Sri Lanka, Thailand, Zimbabwe 
India, Indonesia, Malaysia, Nepal, 
Pakistan, Republic of Korea, Saudi 
Arabia, Sri Lanka, Thailand 

Production 

Maintenance and Production Management Training 
Program 

Headquarters; Baton Rouge and 
New Or"-ans, Louisiana, U.S.A. 

17 days 27 Brazil, Egypt, India, Indonesia, Jordan, 
Pakistan, United Arab Emira,es, 
Venezuela, Israel 

Fertilizer Efficiency Research 

Fertilizer Efficiency Research in the Tropics-Africa 
(in French) 

Fertilizer Efficiency Research in the Tropics-Latin 
America (in Spanish) 

IFDC/USDAiAuburn Soil Testing, Soil Classification, 
and Fertility Management Training Program 

Mali 

Colombia 

Headquarters 

2 weeks 

3 weeks 

3 days 

16 

33 

10 

Burkina Faso, Central Africa, Mali, Niger, 
Senegal, Togo 

Bolivia, Colombia, Costa Rica, Dominican 
Republic, Ecuador, Guyana 

Bangladesh, Indonesia, Kenya, Mexico, 
Peru, Sierra Leone, Somalia, Sri Lanka, 
United States 

National Programs 

Fertilizer Efficienci Research for Bangladesh Joydebpur, Bangladesh 3 weeks 32 Bangladesh 

Fertilizer Marketing Management for Bangladesh Bangladesh 2 weeks 31 Bangladesh 

Individual Training 

Fertilizer Production and Research 

Study Tours of Fertilizer Plants 

Headquarters 

Various plants in the United States 

23 

6 

Bangladesh, Brazil, China, Egypt, 
Grenada, Indonesia, Kuwait, the 
Netherlands, Tunisia 

People's Republic of China 

Fluid Fertilizer Plant Tours Various plants in the United States 2 Mexico 
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Group Training 

Marketing 

IFDC marketing programs focus on 
the identification of fertilizer needs of 
farmers and the functions and activities 
required 	to fulfill the identified needs. 
These programs are aimed primarily 
toward eliminating or partially remov­
ing the constraints to fertilizer use. 

Fertilizer marketing embraces all ac­
tivities involved in meeting the fertilizer 
needs of the ultimate consumer-the 
farmer. The goal of a fertilizer market­
ing organization is to satisfy the con­
sumer (the farmer) while, at the same 
time, effectively achieving the organi­
zation's objectives. Achieving this goal 
depends on the organization's ability to 
implement its marketing activities in a
timely, efficiently coordinated manner.tisel,reuiieatemcofn maner
This requires a team of managers who 

are skilled in all aspects of marketing 
fertilizers in today's changing world. 
IFDC's .iarketing programs are de­
signed to meet this need for the 
development of skilled fertilizer 
marketing personnel. 

During 1984 IFDC held five market­
ing training programs, two of which 
were held in developing countries. Dur-
ing these programs 99 participants 
received training in various phases of 
fertilizer 	marketing.

Two new programs were offered dur-
ing 1984: "Use of Microcomp-iters for 
Fertilizer Sector Personnel" and "Sta-
tistics and Economics of Fertilizer 
Use." 

In addition to lecture and discussion 
sessions, many of the training pro­
grams provide opportunities to engage 
in hands-on activities in various 
aspects of fertilizer marketing. To gain 
practical information, participants in 
most of the training programs see mar­
keting in action during field trips to 
various points of interest, 

Participants in an IFDC computer training program complete an assigned exercise. 

Production 

Latin America 
I 

UseAfrica 
I 

Asia 

Marketing 

0 20 40 60 80 100 

Training 	Program Participation (0/6) 

Figure 16. 	 Distribution of IFDC 1984 Group Training Participants by Region of Origin and 
by Type of Program. 
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Production 

IFDC's fertilizer production training 
programs focus on training developing­
country plant personnel in fertilizer pro­
duction and the maintenanre and effi­
cient operation of fertilizer plants. 

During 1984 one program was of­
fered: "Maintenance and Production 
Management." This was the fifth an­
nual program of this nature. The first 
week of the program, hek at IFDC 
Headquarters, provided an overview of 
the fertilizer sector including such 
topics as fertilizer supply and demand, 
production economics, and fertilizer 
production technology and research ­

activities. The following 2 weeks were 
spent in the Baton Rouge and New 
Orleans, Louisiana, U.S.A. area and in­
cluded a 3-day shortcourse on the 
operation and maintenance of am­
monia/urea plants. This portion of the 
program provided participants with Dr. Lawrence Mann, Jr., visiting instructor in the Maintenance and Production 

pragmatic and practical information Management Training Program, makes a point. 

about the industry. The information 
was presented in panel discussions led 
by representatives of the main interna­
tional and U.S.-based fertilizer produc­
tion organizaiions involved in ammonia 
and urea production. 

Use 

The goal of the programs focusing 
on fertilizer use is to help developing 
countries strengthen national field 
research programs that are directed 
toward improving the fertilizer practices 
followed by farmers. Emphasis is 
placed on helping the small farmer to 
increase crop yields by using fertilizer 
more efficiently. 

The program agenda includes both 
theoretical and practical aspects of fer­
tilizer efficiency research. Emphasis is 
placed on: (1)specific procedures for 
conducting fertilizer trials with new or 
improved fertilizer materials and appli- M. Bagayoko (left), Agronomist and a counterpart on the Mali Phosphate Project, ex­

plains how to collect information from an experiment to FERITT participants,cation techniques and (2) agronomic, 
Kokoasse Kpomblekou-Ademawou and Abdoulaye Traore.statistical, and economic analyses of 

results. One-half of the training time is 
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devoted to classroom sessions and 
cne-half to laboratory, greenhouse, and 
hands-on field activities. Practical 
fieldwork requires the design and in-
stallation of field research plots. All par-
ticipants harvest and measure crop 
response and calculate economical 
statistical evaluation of the fertilizers 
tested. They prepare and present a 
technical report on their experiments, 

During 1984, 59 agricultural 
research workers were trained in 
IFDC's fertilizer efficiency research 
training programs. One of these pro-
grams was conducted in Spanish in 
Colombia and one in French in Mali. 
A third program- 2 'Soil Testing, Soil 
Classification, and Fertility Manage-
ment," administered by the U.S. 
Department of Agriculture through 
Auburn University, Auburn, Alabama, 
U.S.A., entailed several days of presen-
tations by IFDC staff members at 
Headquarters. 

Individual Training 

IFDC designs individualized training 
programs for governments, institutes, 
and companies involved in fertilizer-
sector development and operation. 
Curriculum, location, and duration vary 
with individual requirements and avail-
able resources and are specifically 
tailored for each individual or small 
group. 

The technical assistance work ac­
complished by IFDC has always in­
cluded a substantial training 
component. Whether the project in-
cludes transfer of technology such as 
introduction of the pipe-cross reactor or 
assistance in improving existing plant 
operation, the element of training local 
personnel in new or improved tech-
niques is always present. 

The individual program curricula in 
1984 included bulk-blending, bench-
scale phosphoric acid production, 
phosphate ore beneficiation, advanced 
laboratory techniques, computer 
calculations, soil fertility research, soil 

fertility evaluation, fluid fertilizer 
manufacture and application, fertilizer 
production techniques, and fertilizer 
dealer development and promotion. A 
total of 23 individuals participated in 
IFDC individual training programs and 
represented the following 10 countries: 
Bangladesh, Brazil, China, Egypt, 
Grenada, Indonesia, Kuwait, Mexico, 
the Netherlands, and Tunisia. 

In addition to special programs 
developed at IFDC Headquarters for 
individuals, study tours were organized 
for the purpose of visiting manufactur-
ing and research facilities in the United 
States. One such study tour was ar-
ranged for six scientists from the 
Chinese National Chemical Construc-
tion Corporation in July 1984. The ob-
jectives of the tour were to observe 
state-of-the-art technology for produc-
tion and application of fluid fertilizer, in-
cluding anhydrous ammonia. The 
group arrived in California and toured 
southwestern United States, visiting
fluid fertilizer plants. The second week 
was spent at IFDC/TVA Headquarters; 
visits were made to application equip-
ment manufacturers and small-scale 
fluid fertilizer producers. The last week 
was spent touring major facilities in the
Midwest and on the east coast of the 
United States before the group re­
turned to China. 

A similar but shorter study tour pro­
gram on fluid fertilizers was also 
developed for two engineers from Mex­
ico who represented the Secretariat of 
Energy, Mines, and Industry. 

Evaluation 

With a strong commitment to improv­
ing its training programs to better meet 
the needs of the personnel in the 
developing world's fertilizer sector, 
IFDC recognizes that evaluation is a 
necessary and integral part of its train­
ing effort. 

Evaluation has been incorporated as 
a part of all training programs at IFDC. 
It provides feedback on the conduct of 

a program and also serves as a 
valuable tool in future prcgram plan­
ning. The evaluation form measures 
participants' reactions to their total 
training experience. Participants are in­
vited to give their candid comments on 
what they like and/or dislike in the pro­
gram and suggest changes or 
modifications. 

The assessment questionnaire 
surveys the participants' individual ob­
jectives when they first arrive for a 
training program. Information from this 
questionnaire is immediately pro­
cessed and incorporated into the pro­
gram whenever appropriate. 

The baseline/followup exercise 
measures the participant's knowledge 
and skills acquired during the program. 
The baseline exercise is given at the 
beginning of the program, and the 
same questionnaire is administered as 
a followup exercise at the end of the 
program. The change in the score be­
tween the baseline and followup exer­
cises provides one indication of the 
effectiveness of the training and 
methods used. 
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Financial Report 

rice 1200 FIRST NATIONAL-SOUTHERN NATURAL BJILDING 

~BIRMINGHAM ALABAMA 35203arterhouse 205 328 8/02 

March 13, 1985
 

To the Board of Directors of
 

International Fertilizer Development Center
 

In our opinion, the accompanying balance sheets and the
 
related statements of revenue and expenses and changes in fund
 

balances and of changes in cash and certificates of deposit
 
present fairly the financial position of International Fertilizer
 

Development Center (IFDC) at December 31, 1984 and 1983, and the
 
results of its operations and changes in its fund balances for
 

the years then ended in conformity with generally accepted
 

accounting principles consistently applied. Our examinations of
 

these statements were made in accordance with generally accepted
 

auditing standards and accordingly included such tests of the
 

accounting records and such other auditing procedures as we
 

considered necessary in the circumstances.
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INTERNATIONAL FERTILIZER DEVELOPMENT CENTER
 

ASSETS 


Cash 

Certificates of deposit 

Amounts receivable from 

donors (Notes 1 and 2) 


Other accounts receivable 

Advances to employees 


Supplies inventory (Note 1i 

Prepaid expenses 


Amounts receivable from donors 

(Notes I and 2) - restricted 


Buildings 


Equipment 


Less - Accumulated
 

depreciation 


BALANCE SHEETS
 

CURRENT FUND
 

December 31, 


1984 1983 


$ 80,279 $ 416,636 

1,457,604 1,271,817 


3,587,681 3,497,299 

777,468 1,133,205 

81,548 62,425 

152,270 144,777 

158,927 187,652 


S6.295.777 $6.713.811 


NONCURRENT FUND
 

December 31, 

1984 1983 


$1.065.000 $1,775,000 


BUILDINGS AND EQUIPMENT FUND
 
(Note 1)
 

December 31, 


1984 1983 

$5,734,995 $5,734,995 Contract retainage 
4,811,804 4,235,178 Fund balance 

(4,025,067) (3,450,178)
 

$6.521.732 $6.519.995 


LIABILITIES AND FUND BALANCES
 

Bank overdraft 

Accounts payable 

Accrued annual and sick
 
leave 


Deferred revenue (Notes 1
 
and 2) 


Total liabilities and
 
deferred revenue 


Fund balance -

Restricted 

Unrestricted 


Deferred revenue (Notes
 

1 and 2) - restri ted 


December 31,
 

1984 1983 

$ 135,128 
246,521 $ 315,369 

1,361,050 1,221,946 

3,587,681 3,497,299 

5,330,380 5,034,614 

319,479 172,132 
645,918 1,507,065 

965,397 1,679,197 

$6,295.777 $6,713,811 

December 31,
 
1984 1983
 

J1065.000
$1.775.000
 

December 31,
 

1984 1983
 

$ 412 $ 392
 
6,521,320 6,519,603
 

86.521.732 86.519.995
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INTERNATIONAL FERTILIZER DEVELOPMENT CENTER
 

STATEMENTS OF REVENUE AND EXPENSES AND CHANGES IN FUND BALANCES
 

FOR THE YEARS ENDED DECEMBER 31, 1984 AND 1983 

Buildings and
 
Current Fund Equipment Fund Total All Funds
 

1984 1983 1984 1983 1984 1983
 
Revenue:
 

Grants (Note 2) $7,196,032 $5,576,119 
 $ 7,196,032 $5,576,119
 
Recovered project costs 2,048,107 2,781,425 
 2,048,107 2,781,425
 
Other 143,689 149,865 143,689 149,865
 

Total revenue 9,387,828 8,507,409 9,387,828 8,507,409
 

Expenses:
 

Research 4,907,007 4,703,394 $ 
 496,183 $ 473,072 5,403,190 5,176,466
 
Outreach 2,360,525 2,086,144 47,220 41,085 2,407,745 2,127,229
 
General and administrative 2,198,368 1,810,093 90,608 
 89,661 2,288,976 1,899,754
 

Total expenses 9,465,900 8,599.631 634,011 603,818 10,099,911 9,203,449
 

Excess (deficiency) of revenue
 
over expenses (78,072) 
 (92,222) (634,011) (603,818) (L 712,083) ($ 696 040)
 

Other changes in fund balances:
 

Equipment acqu.-itions
 
from unrestricted funds (635,728) (47,061) 635,728 47,061
 

Fund balances, beginning of period 1,679,197 1,818,480 6,519,603 7,076,360
 

Fund balances, end of period 
 $ 965.397 6 197 J6521320 $6.519,603
 



INTERNATIONAL FERTILIZER DEVELOPMENT CENTER 

STATEMENTS OF FUNCTIONAL EXPENSES 

FOR THE YEARS ENDED DECEMBER 31, 1984 AND 1983 

General and 
Research Outreach Administrative Total Expenses 

1984 1983 1984 1983 1984 1983 1984 1983 

Personnel compensation (Note 3) 
Personnel benefits (Note 3) 

$2,382,670 
398,098 

$2,477,378 
389,872 

$1,197,261 
225,602 

$1,063,802 
202,178 

$1,165,032 
257,024 

$1,018,683 
167,059 

$4,744,963 
880,724 

$4,559,863 
759,109 

Travel and transportation 
Occupancy 
Telephone and telegraph 

323,445 
262,203 
55,456 

306,718 
228,146 
48,381 

318,990 
115,232 
49,405 

334,135 
111,225 
28,675 

171,155 
118,146 
28,336 

145,749 
131,254 
19,717 

813,590 
495,581 
133,197 

786,602 
470,625 
96,773 

Rental of equipment 29,680 34,217 17,564 21,232 30,506 15,87U 77,750 71,319. 
Contractual research and 
development 

Other contractual services 
574,496 

270,632 
492,618 

300,847 
28,215 

183,200 
55,398 

134,628 192,314 142,376 
602,711 

646,146 
548,016 

577,851 
Institute of International 
Education fee (Note 3) 
Materials and supplies 
Postage 
Insurance 
Miscellaneous 

568,758 
16,385 
25,184 
11,295 

378,741 
18,003 
28,473 
4.813 

204,271 
8,193 
12,592 
(1,157) 

111,632 
9,002 
14,237 

(665) 

90,116 

124,955 
8,193 
12,592 
2,354 

93,102 

53,044 
9,002 
14,237 

468 

90,116 

897,984 
32,771 
50,368 
12,492 

93,102 

543,417 
36,007 
56,947 
4,616 

Total expenses before 
depreciation 4,918,302 4,708,207 2,359,368 2,085,479 2,200,723 1,810,561 9,478,393 8,604,247 

Depreciation of buildings and 
equip.ient 484,888 468,259 48,378 41,750 88,253 89,193 621,519 599,202 

Total expenses $5,403,190 $5,176,466 $2,407,746 $2,127,229 $2.288.976 $1,899,754 $10,099,912 $9,203,449 
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INTERNATIONAL FERTILIZER DEVELOPMENT CENTER 

STATEMENTS OF CHANGES IN CASH AND 

CERTIFICATES OF DEPOSIT 

Year 	ended December 31,
 

Balances at beginning of year:
 
Cash o 

Certificates of deposit 


Cash was provided by:-

(Deficiency) of revenue 

over expenses 

Charges not requiring (providing) 

an outlay of cash:
 
Depreciation 

(Gain) loss on disposal of 

equipment 

Increase in accrued annual and 

sick 	leave 

asc 	 levdedfrmopera0941 


Proceeds from sale of equipment 


Proceeds from issuance of short-term 

debt 


Net decrease in ocher accounts 

receivable 


Net decrease in prepaid expenses 

Net increase in bank overdraft 

Net increase in accounts payable 

and contract retainages 


Cash was used for: 

Purchase of buildings and equipment 

Reduction of short-term debt 

Net increase in other accounts 

receivable 


Net increase in advances to 

employees 


Net increase in supplies inventory 

Net increase in prepaid expenses 

Net decrease in accounts payable

and contract retainages 


Net increase (decrease) in cash 


Balances at end of year:
 
Cash 

Certificates of deposit 


1984 


416,636 

1,271, 8 1 7  


($ 712,083) 


621,519 


12,492 


1904186 


4,471 


355,737 

28,725
 

135,128 


585,093 


640,219 


19,123 

7,493 


68__828_
 

735,663 


( 150570) 


$ 80,279 

1,457,604 


$1,537,883 


1983 


$ 301,176 

1,653,574 


8$1954,750 


($ 696,040) 


599,202 


4,615 


794
 

100 


300,000 


6recognition 


401,643 


40,491 

300,000
 

295,116 


10,379
 
7,788 


14,166 


667,94 0 


($ 266.297) 


$ 416,636
 
1,271,817
 

$1,688.453
 

INTERNATIONAL FERTILIZER DEVELOPMENT CENTER
 

NOTES TO FINANCIAL STATEMENTS
 

NOT2 	I - ORGANIZATION AND ACCOUNTING POLICIES:-


International Tertilizer Development Center (1FDC) is a non-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 fertilizer know-how in developing countries through
 
research and development, technical assistance and training and
 
communications.
 

In the event of dissolation, 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.
 

The accounts of IFDC are maintained on the accrual basis. The
 
following is a summary of significant accounting policies:
 

A. 	 Buildings and equipment are stated at cost.
 
Depreciation is computed on the straight-line
 
method over ,stimated useful lives ranging from
 
three to thirty-five years.
 

B. 	 Grants are rtcorded as receivable for the full
 
amount at the date of the grant with revenue
 

deferred until correspondin&
 

expenses have been incurred. Contributions for
 
reimbursable costs are recognized as project
 
costs are incurred.
 

Revenue is restricted only to the extent it is
 
to be used in accordance with the purpose of
 
the organization unless otherwise indicated.
 

C. 	 Inventories of supplies are valued at the lower
 
of cost or replacement cost, cost being deter­
mined on a firs--in, first-out basis.
 

D. 	 IFDC is 
exempt from federal income 
taxes as a
 
publicly supported organization under Section
 

501(c)(3) of the Internal Revenue Code.
 



NOTE 2 - GRANTS:-


Grants are summarized as follows: 


Year end,-d December 31, 


1984 1983 


Restricted Unrestricted Restricted Unrestricted 


Grants received -

United States Agency' 

for International 

Develop3ment 
(AID) $ 250,000 $4,000,000 $4,000,000
 
International Fund 

for Agricultural

Development (IFAD) 1 100,000 $1,000,000 


Australian Development
 
Assisrance Bureau 

(ADAB) 147,112 188,560 
 175,300
 

International Develop­
ment Research Centre 

(IDRC) 814,742 


Ford Foundation 76,000 

Phil'ipines 
 7,800 


2,311,854 4,264,560 1,000,000 4,183,100 


Unexperded grants 


reverting to grantee 
 (500,000) 

Amounts deferred 
during prior year 29 2_99 _ 35500318 l6,010 

5,229,153 6,61Q,560 4,765,318 6,083,100 


Less - Amounts deferred 
to future periods 2,892,110 ___760,571 _2 299 _ 3 5 ,00 

Revenue recognized in 
current period $ 2337 041 4,S59,989 S' 848 019 3,728,100 

2,337,043 _'8019

Total restricted and 

unrestricted 
 S7 196 032 5 576 119
 

The unrestricted grant from AID was amended to provide 

additional funds of $4,000,000 during each of the years ended 

December 31, 1984 and 1983, and to extend the grant period fror
 
June 30, 1984 to june 30, 1985. The unrestricted ADAB grants in 

1984 and 1983 were gifts of funds recognized as revenue in the 

year received. The 1984 restricted ADAB grant represents addi-

tional funding for a project in Southeast Asia.IFChsacnrtwihhenttueoItraina
 

Restricted grants from AID, IFAD and IDRC were restricted by
 
the grantor as to specific projects and geographic -egions. The
 
IFAD grants, $1,100,000 in 1984 and '1,000,000 in 1983, provided

funds for the second and third years of a three year IFD' re­
search program in Afric. The termination date of the grant was
 
exte-ded to March 31, 1985. The IDRC grants in 1984 pro-.ided

funds for research projects in Latin America, to be completed
 
November 30, 1986, and West Africa, to be completed November 30,
 
1983. Any grant funds not expended at the grant expiration date
 
will revert to the grantor.
 

Receivables from donors and deferred grant revenue at
 
December 31, 1984 and 1983 are summarized as follows:
 

December 31,
 

'984 1983
 

Restricted Unrestricted Restricted Unrestricted
 

AID S 222,829 $1,692,171 $2,355,000
 
UNDP 1,775,000 $2.485,000
 
IFAD 200,000
 
ADAB 
 320,762 
IDRC 694,281 111,537 
Ford 
Foundation 68,40) _ 

2,892,110 1,760,571 2,917,299 2,355,000
 

Less ­

noncurrent
 

portion (1 ,065, JO) (1_77,000) 

SI 827j10 1,760,571 _ 142,299 2,355,000 

,I827P110 1,142,299
 
Total
 
restricted
 
and un­
restricted 
 3 ,587_§81 $3.497.299
 

The LNDP grant provided funds for various research and outreach
 
projects for gran, p-riods of more than one year. The UNDP grant
 
expires in 1987. runds relating to this grant receivable not
 

budgeted for expenditure in 1985 and 1984 are classified as
 
noncurrent at December 31, !984 and 1983, respec-ively.
 

NOTE 3 INSTITUTE OF INTERNATIONAL EDUCATION:
 
NOTE__-- INTIUT INTERNATIONL EDUCATION
_O 


IFC has a contract with the Institute of International
 
Education (lIE) relating to 
the emplovynent of personnel of IFDC. 
 All
 
payroll administrative functions are performed by lIE; IFDC makes
 
advances monthly to fund salaries, employment taxes and fringe
 
benefits.
 



IFDC Board of Directors 
(as of December 31, 1984) 

Chairman 

Dr. John A. Hannah 
President Ernritus 
Michigan State University 
U.S.A. 

Dr. Anton Amberger 
Professor 
Institute of Plant Nutrition 
University of Munich 
Federal Republic of Germany 

Dr. Dennis G. Blight 
Assistant Secretary 
South east Asian Program. Branch 
Australian Development Af.sistance Bureau 
Australia 

Mr. Richard Freeman 
Director 
TVA Board of Directors 
U.S.A. 

Dr. Ola Heide 

Rector 
Agricultural University of Norway 
Norway 

Dr. David Hopper 
The World Bank 
U.S.A. 

Mr. Ellseo Restrepo 
Attorney-at-Law 
Colombia 

Dr. Bukar Shaib 
Minister of Agriculture 
Nigeria 

Mr. Adolfo Sisto 
General Manager 
Industrial Operations 
FERTIMEX 
Mexico 

Dr. Entol Soeparman 
Director 
Research and Development 
P.T. PUSRI 
Indonesia 

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

Mr. Miguel Zosa 
President 
PHILPHOS 
The Philippines 

Ex Officio Member 
Dr. Donald L. McCune 
Managing Director 
IFDC 

Ex Officio Member 

Marjorie R. Brashler 
Administrative Director 
IFDC 
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Staff 

Office of the Managing Director Agro-Economic Division Fertilizer Technology Division 

Donald L. McCune, Managing Director 	 Owen W. Livingston, Director 
Paul J. Stangel, Deputy Managing Director Paul L.G. Vlek, Director Delilah A. Forsyth, Administrative Secretary 
Marjorie R. Brashier, Administrative Director Mary C. Irons, Administrative Secretary Ibezim J. Anazia, Minerals Engineer
Jchn 1. AIlgood, Personnel Officer Jacqueline Ashby, Sociologist Cathy W. Anderson, Correspondence Secretary 
Kaye F. Barker, Accountant 	 Ernest R. Austin, Instrurentation Specia ;im Andrea L. Arthur, Cnemical Laboratory Analyst 
Diane S. Baskins, Clerk* Carlos A. Baanante, Economist Anthony Bailey, Student Worker 
Jacqueline A. Barrens, Purchasing Clerk Andre M. Bationo, Soil Scientist Billy W. Biggers, Jr.. Analytical Chemist 
Betty F Canerday, Mail Clerk Derrick J. Batiste, Chemical Laborator, Analyst' Bobby W. Biggers, Chemist 
Gtenda Carter, Accounting Clerk Karen S. Billingham, Laboratory Supervisor George W. Bolds, Ill, Pilot-Plant Operations
Linda B. Cornatzer, Word Processing Specialist Roland J. Buresh, Soil Scientist Coordinator 
Kathy H. Creamer, Graphic Designer Bernard H. Byrnes, Research Associate RPrbert C. Bosheers, Engineering Research 
C. David Edwards, Budget Officer 	 Michael F Carter, Greenhouse Supervisor Technician 
Brenda S. Elmore, Word Processing Specialist S. H. Chien, Soil Chemist Timothy J. Bradford, Chemist'
 
Mary S. Evers, Part-Time Librarian C. Bruce Christianson, Soil Scicntist Xathy R Brewer, Chemical Laboratory Analyst*
 
Ernest D. Fredecick, Technical Editor John T. Colagross, Electronics Specialist Terr, L. Buchanan, Tec iical Aide
 
Janice C. Gautney, Word Processing Specialist Daniel D. Culberson, Chemical Laboratory Analyst' Virtyn L. Eulger, Technical Aide
 
Jane L. Goss, Word Processing Specialist Dawit Daguefu, Soil Scientist' Wham R. Clayton, Research Chemist
 
Alicia K. Hall, Word Processing Specialist Karen Dvorak, Postdoctoral Fellow Jerry R. Clemmons, Chemist
 
Amber N. Hammock, Correspondence Secretary Michael W. Elliott, Research Assistant Dwight E. Cline, Technical Aide
 
Travis 	P. Hignett, Special Consultant to the Ronnie L. Faires, Greenhouse Techn-cian Michelle Cooper, Mineralogist/Petrographer* 

Managing Director tan R.R Fillery, Soil Scientist' Doyce E. Couch, Assistant Maintenance Coordinator 
Vickie J. Hollandsworth, Word Processing Specialist Dennis K. Friesen, Soil Scientist Karen S. Couch, Chemist 
W. Diane Kasmeier, Assistant Purchasing Agent Douglas C. Godwin, Agronomist/Systems Modeler Janet Dowdy, Student Worker' 
James M. Kelly, Purchasing Agent Scott E. Guggenheim, Postdoctorar Fellow Branson E. Downing, Safety Engineer
Vicki S. Krebs, Word Processing Specialist* Brya'r W. Hamilton, Chemical Laboratory Analyst Nathan A. Engle, Maintenance Technician 
Juili G, Martin, Student Worker Lawrence L. Hammond, Soil Scientist Thomas E. Evers, Technical Aide 
Terry L. McGee, Graphic Artist/Media Technician Karl Harmsen, Soil Scientist 	 Frances H. Glover, Correspondence Secretary
Betty io Merritt, Librarian Deborah T Hellums, Laboratory Supervisor Marshall E. Goode, Technical Aide 
Jean G. Meyer, Mail Clerk Julio Henao, Biometrician Susan A. Goodman, Chernical Laboratory Analyst'
Dennis T. O'Brien, Economist Vance E. Henry, Greenhouse Technician Celia J. Guinn, Chemical Laboratory Analyst
Brian Palmer, Liaison Scientist Susan C. Hiuhfiold, Research Assistant Brenda A. Hamilton, Chemical Laboratory Analyst 
Brenda G. Peden, Accounting Clerk Leella S. Holt, Laboratory Supervisor JErry Hamner, Student Worker* 
Jean S. Riley, Assistant Librarian Chong-Woon Hong, Soil Scientist Gary L. Hines, General Helper 
Elizabeth N. Roth, Editor Rebecca Hu~stedler, Aosistant Programmer/Dala Robert G. Howard, Chemist 
Flora M. Rudolph, Technical Illustrator Processor Angola F.James, Chemist 
Debra R. Rutland, Executive Secretary James T. Konnody, Data Processor/Chemical Vanessa E. Keel, Chemical Laboratory Analyst 
Manuel Sanchez-Nelson, Special Assistant to the Laboratory Anciyst' Raymond H. Kluesner, Student Worker

" 
Managing Dimf tor	 L. Altfredo Le',,n, Soil Scientist Talaat A.B. Lawendy, Minerals Engineer
Patricia F. Sandlin, Word Processing Specialist Dian-Qing Lu, Visiting Scientist Jose R Lazo de laVega, Spe(.il Project Engineer 
Dorothy B. Sentz, File Clerk Charles T McCafforty, Greenhouse Technician Alan E. Madewell, Engineering Co-op Student 
Debra S. Shedd, General Accountant Lynne Malone, Chemlcal Laboratory Analyst Benjamin C. Malone, Engineering Research 
Parminder Singh, Visitor Relations Officer R.G, Menon, Visiting Scientist Technician 
Carol F. Slaton, Word Prccessing Specialist Mark A. Mitchell, Chemistry Co-op Student Guerry H. McClellan, Research Coordinator 
Janice D. Smith, Secretary Uzo Mokwunye, Soil Scientist James T. McWilliams, Technical Aide" 
James C. Stvrkry, Draftsman Mohinder S. Mudahar, Economist Ramiro Medina, Enzyme Biochemist 
Marie R. Stribling, Coordinator, Word Processing Spide, K. Mughogho, Soil Scientist Charlie M. Murrer, Maintenance Technician 

Center Martin K. Painter, Chemistry Co-op Student T. Alan Nix, As.istant Pilot-Plant Operations 
Joy M Thompson, Accounting Clerk Billy G. Pittman, Chemical Laboratory Analyst* Coordin-.lor 
Marie K. Thompson, Communications Supervisor Nancy A. Potter, Correspondence Secretary G. Erick Peters, Chemist 
Dcnna W. Venable, Word Processing Specialist Leigh A. Putnam, Chemical Laboratory Analyst Jorge R. Pol, Depuly Engineering Coordinator 
Gwendolyn A. Watts, File Clerk Surjit Sidhu, Economist H. Dale Richards, Warehouse Technician 
Robbert Welselaar, Nitrogen Ecologist' John P Skipworth, Chemistry Co-op Student Johnnie W. Riley, Maintenance Coordinator 
Joel G. While, Draftsman Diane Sompongse, Research Associate James A. Robertson, Techr:ical Aide 
Tommy L. Wright, Photographer/Media Technician M. Patricia Stowe, Correspondence Secretary 
Lynda F. Young, Assistant Editor Wayne P.Strong, Visiting Scientist' 

John M. Stumpe, Research Associate 
A. Ray Till, Visiting Scientist 
Bobi R. Wilson, Chemical Laboratory Analyst 
Leif J. Youngdahl, Crop Physiologist 
Cynthia B. Zickos, Computer Operator/Programmer 
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Fertilizer Technology Division (Continued) Outreach Division 

Arnitava H. Roy, Special Project Engineer 
Irwan T.Rusli, Special Project Engineer 
David W. Rutland, Physical Properties Specalist 
Narayan K. Savant, Soil Chemist (Nitrogen) 
James J. Schultz, Engineering Coordinator 
James H.Stough, Laboratory Assistant 
Marcel A. Tanke, Special Pro;'ct Engineer* 
Michael 0. Thompson, Technical Aide 
Steven J. Van Kauwenbergh, Mineralogist 
Paul H. Whitlock, Maintenance Technician 
Marilyn R. Williams, Chemist 
Terry C.Woodis, Consultant 
David B. Wright, Engineering Research Technician 
David P.Wright, Chemist 

'Left
in 1984. 
-Retired in 1984. 
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