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PREFACE
 

Although Cameroon is blessed with the widest range of climatic conditions
 
and plant life of all West Africa and therefore has an extremely diverse agri
cultural base, most of the soils of Cameroon are of relatively low fertility.
 

Historically, this fact was recognized by farmers and overcome by the
 
use of lengthy fallow periods and, to 
a more !ocalized degree, by the 
use of
 
crop residues and animal manures. 
 With these systems, a stable but low level of
 
crop production could be maintained without recourse to fertilizer. 

Unfortunately, stable traditional systems are based on subsistence
 
farming and low population densities. Ultimately, increases in crop production
 
on low-fertility soils 
iust be based on the judicious use of fertilizers.
 
Effective organic matter recycling and the use of legumes can 
reduce the need
 
for fertilizers but cannot replace them entirely. 
Over large areas, inputs of
 
fertilizer phosphorus, sulfur, potassium, calcium, 
and magnesium will be essential
 
for increasingly productive systems, and nitrogenous fertilizers, irrespective
 
of the developments in legume production, will be the key to high yields of
 
improved cereal varieties. 

Fertilizer use in Cameroon was 
initially based only on 
the perennial
 
export crops (coffee, oil 
palm, and rubber) and the annual 
cotton crop. Increasingly,
 
however, farmers have been fertilizing food crops par.ticularly the cereal crops 
and especially maize grown as 
a cash crop.
 

The Government of the United Republic of Cameroon (GOC) 
 has encouraged
 
the use of fertilizers by small 
farmers by giving a major subsidy on fertilizers
 
intended for coffee production. These fertilizers have been distributed 
by 
government agencies, parastatals, and cooperatives to small 
farmers, particularly
 
to the important coffee-growing areas 
of the west.
 

Current 
levels of subsidized fertilizer consumption are such that GOC 
faces enormous costs in maintaining both direct subsidies and in meeting the 
costs of distribution. An increase in fertilizer consumption will aggravate the 
si tuation. 

At this stage in the evolution of tho fertilizer sector, the opportunity 
arises for GOC to move into a more cost-efficient fertilizer procurement and 
marketing syAtem by increasing the role of the private sector in the whole 
system.
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Such development of the fertilizer sector will need government policy
 
initiatives on a wide range of issues covering agricultural research and extension,
 
fertilizer supply, and procurement/production. 
This study, which has identified
 
key issues and the necessary policy initiatives needed, can be used as 
the basis
 
for the development of an efficiently functioning fertilizer sector--a sector
 
which is needed if agricultural production in Cameroon is to grow as planned.
 

The study, which was carried out by a team of International Fertilizer
 
Development Center (IFDC) specialists, is the result of a series of earlier
 
initiatives undertaken by the United States Agency for International Development
 
(USAID)/Cameroon which drew attention to the need for an 
in-depth multidisci

plinary review of the Cameroon fertilizer sector.
 

In a letter dated February 25, 1985, 
to the Director of USAID/Yaounde,
 
the then Minister of Agriculture gave USAID his encouragement and support to
 
undertake the present study which had the following specific objectives.
 

Fertilizer Use
 
1. 	To determine the most appropriate types and quantities of fertilizer needed
 

for principal crops on 
the 	basis of agronomic and economic criteria.
 
2. 	To determine the actual and projected fertilizer demand by nutrient and
 

types of products.
 

3. 	To determine the economics of fertilizer use.
 

Fertilizer Marketing
 

1. 	To determine the cost of fertilizers delivered to farmers by principal
 

marketing components.
 

2. 	To identify constraints to fertilizer use 
in the existing marketing system
 
and recommend procedures for overcoming these constraints.
 

3. 	To 
identify additional infrastructure, government support, and government
 
policy required for an effective marketing system.
 

FertilizerSupp
 

To evaluate the production economics of two alternative production
 

schemes:
 

1. 	Bulk-blending and bagging plant using imported bulk materials.
 
2. 
Ammonia, urea, and diammonium phosphate complex using Cameroon natural gas
 

reserves and imported phosphoric acid.
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The scope of work, which is given in Appendix N, recognized that an
 
efficiently functioning national fertilizer sector must be based on a fully
 
integrated marketing system. Components of the marketing system include agro
nomic research and service education, product selection, sales, storage, trans
port, and pricing designed to best meet 
 the needs of the Cameroon environment. 

[FI)C Team 

Dr. D. H. Parish--Agronomist and Team Leader
 

Mr. G. T. Harris--Economist
 

Mr. N. D. Le--Chemical Engineer
 

Mr. P. M. Rosseau--Soil Scientist
 

Mr. J. J. Schultz--Chemical Engineer
 
Dr. V. L. Sheldon--Transport Specialist
 

Mr. L. B. Williams--flarketing Specialist
 
The IFIC team arrived 
in Yaounde on October 14, 1985. This report is 

based on their findings following visits to each of the provinces and discussions 
with the relevant government agencies, parastatals, private sector companies, 
the Food and Agriculture Organization of the United Nations (FAO), and World Bank. 

Reports 
The following reports based on the Cameroon fertilizer sector 
study are available. 
1. Camernon Fertilizer Sector Study-333 pages (English)
2. Etude du Secteur des Engrais au Carneroun-333 pages

(French translation of #1)
3. Caneroon Fertilizer Sector Study-Appendices (Aanexes)
4. Executive Sumnmary-Cameroon Fertilizer Sector Sfudy--34 

pages (English)
5. Somnmiaire Executif-Etude du Secteur des Engrais au

Camneroun-3,t pages (French translation of #4) 
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Statements and conclusions listed in the IFDC report do not necessarily
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The statements and conclusions in the report are the sole responsibility of the
 
authors of the report. 
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MAJOR ISSUES IDENTIFIED BY IFDC REQUIRING
 

CAMEROON GOVERNMENT POLICY INITIATIVES
 

To increase food and cash crop production in Cameroon requires
 
improved technology. Along with high-yielding varieties, proper crop fertili
zation is an essential component. An efficient fertilizer and marketing system
 
is required to provide farmers with this critical 
input to improved technology
 
which can bring about increased production.
 

To establish and operate an efficient fertilizer supply and marketing
 
system, there are crucial fertilizer policies that need positive government
 
support. 
 To facilitate review for possible implementation, the crucial fertilizer
 
supply and marketing issues are 
summarized under four categories--research on
 
fertilizer use, 
supply, marketing, and infrastructure. Policy recommendations
 

are made for each issue.
 

Issues and Recommendations
 

I. Interministerial coordination on 
policy issues
 

The inefficiency of the present fertilizer sector stems, 
in part, from 
a lack of policy coordination among the various ministries involved.
 

Recommvnati on--Estab lish an interministerial f, t ilizer committee 
with the objectives of increasing policy coordination and defining a 
coherent fertilizer policy to improve the overall efficiency of the
 

fertilizer sector.
 

11. 	 Research on fertilizer use issues
 

Food-crop production will 
stagnate unless sound yield-increasing
 
technologies are more widely adopted. The rational use of 
fertilizer is a
 
necessary technological input 
for higher crop yields. However, because of 
the enormous numbehr of farm sites and cropping systems, the current blanket 
recommend t tions a re Usati sfactory. Individual farmer recommendations are 
also impractical. Therefore, domains of similar characteristics (soils, 
crops, etc.) mst be used as the basic unit for recommendations. 
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A. Relevant yield-increasing technologies must be identified on the basis
 

of specific recommendation domains.
 

Recommendation--Establish farm-level research to identify nutrient
 
needs for important crops and to 
formulate fertilizer ose recommendations
 
(type, quantity, time, and method of application) for specific situations.
 

Crop 	 production areas must be stratified into recommendation domains 
on the basis of characteristics which influence crop response to
 
fertilizer. Characteristics to be considered in defining a recommendation
 
domain are crop/variety, mono- or mixed cropping, cropping sequence,
 

yield goals, organic material management, soil properties, and climatic
 

conditions.
 

B. 	 In many areas, the fertilizer products currently used, the rates at
 
which they are applied, and the way that they are applied are not the
 

most cost effective in terms of food-crop yields.
 

Recommendation--Establish an accelerated national cash and food-crop
 
production research program. 
The program should link research (agronomists,
 
soil fertility specialists, and agricultural economists) with extension
 

work, the fertilizer marketing system, and the farmers in adapting
 

recommendations to provide solutions to farmers' crop production 
problems. A crop production package usable by the farmer will be the
 

output of 	this activity.
 

III. 	Supply issues 

it is critical to have an economical and timely supply of fertilizers 

that 	will meet the needs of individual Cameroon farmers.
 

A. 	 Present procurement procedures are so 
complex and cumbersome that 
fertilizers often arrive in-country too late and above world market
 

price.
 

Recommendation--The Government should agree to eliminate the
 
bureaucracy involved in fertilizer procurement and further agree to
 
the establishment of capable fertilizer companies that will operate on
 

a commercial basis to procure and distribute ferLilizers.
 

B. 	 Cameroon has natural gas reserves which could be used as fuel 	and
 

feedstock 	 for the production of nitrogen fertilizers (ammonia and/or 

urea).
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Recommendation--The Government should continue to study and 
monitor the fertilizer situation and initiate production investment 
when national production is economically feasible. 

C. Foreign exchange can be saved and local labor utilized to reduce the 
cost of fertilizer and to ensure a timely supply through in-country 
bagging and bulk-blending operations. 

Recommendation--Bulk fertilizers should be imported and bagged 
in-country. Bulk blending should be studied and implemented when it 
is economically feasible and the demand is established. 

IV. 	 Marketing issues 

An efficient fertilizer marketing system that will make the right 
prodicts available to farmers in a timely and cost-effective manner and 
promote effective use is a 	 key to increased agriculture productivity. 
A. The 	 p~resent Government-operated fertilizer distribution system has 

played an important role in introducing and creating a demand for 
fertilizers in Cameroon. Furthur 	 modernization of the agriculture 
sector requires a dynamic and responsive fertilizer marketing system. 

Recommendat io n--'acilitate the creation of a private company that 
has the 	 authority and capability to purchase, process, and market the 
required fertilizers. Authorize the company to operate on a profit 
and loss basis with a minimum 	of government restrictions. 

B. At presenL the fertilizer forecasting system for specific grades and 

amounts is ineffective.
 

Recommendtions--Ostablish 
a system to project fertilizer con
sumption at the retailer level that 
can be revised periodically as 
conditions change. 

C. Fertilizer/crop price ratios are very important factors in determining 
the Level of fertilizer consumption. For example, projections with 
the present marketing system indicate that consumption in 1995 will 
reach 186,000 mt with present fertilizer/crop price ratios and will 
reach only 147,000 mt if price ratios become unfavorable. 

Recommendation--Monitor these price ratios for each crop and 
develop policies that give farmers the economic incentives to use
 
fertilizer and increase crop production. 
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D. 	 Pricing Policies--Prices received by the farmers have been so unfavorable
 

for some crops, such as coffee, that production has stagnated. Govern

ment's attempt to alleviate this has resulted in subsidized fertilizer.
 

This present subsidized system has not been able to overcome the
 

stagnation. It has also been a very expensive system.
 

Recommendation--Government should study and monitor cost of
 

production of various cash and food crops and attempt to influence the
 
pricing structure in order to ensure favorable incentives for increased
 

agricultural production and allow for the subsidy of fertilizer to be
 

gradually phased out over 5 years.
 

E. 	 Promotion--Fertilizer promotion is inadequate. The transfer of
 

inforination on fertilizer use and benefits needs to be improved and
 

intensified at the farmer, extension, and govermnent policymaking
 

levels. Proven media for the transfer of technology, i.e., bulletins,
 

leaflets, billboards, demonstrations, field days, farmer meetings,
 

etc., are not in use on a wide scale.
 

Recommendations--(a) Establish educational programs, i.e.,
 
demonstrations, farmer meetings, literature and visual aids, 
as an
 

integral part of the marketing system to educate farmers especially
 

those producing food crops; (b) train extension staff, retailers, and
 

others on the use, marketing, and production of fertilizer products;
 

(c) identify and support research on factors limiting crop yields.
 
F. 	 Quality Control--There is a need to establish a uniform fertilizer
 

quality control law. 
 Because of the lack of uniform and practical
 

quality standards, the calls for tenders fail to adequately specify the
 

product, its composition, packaging, labeling, inspection procedures,
 

analyses, and delivery conditions. Quality control legislation is
 

inadequate and may place a constraint on fertilizer use through loss
 

of farmer confidence because of failure to meet guaranteed analyses,
 

weights, and physical characteristics.
 

Recomnmendations--The Government should develop an agency (possibly
 

within the Ministry of Agriculture) that has an understanding of fertil

izer 	technology and a strong field operational capability to formulate
 

fertilizer quality control legislation and implement it to ensure value
 

received both to the farmer and country.
 

xvii
 



G. Personnel Development--There is need for improved management in all 
aspects of fertilizer supply and marketing, especially in systems
 

management, arranging transportation, warehousing, product selection,
 
promotion, data collection, documentation, and retailing. 
Retailers
 

are not adequately informed on fertilizer technology and are not 

advising farmers on the correct use 
of fertilizers.
 

Recommnendations--The recommended fertilizer marketing system will 
select personnel and 
train them on all aspects of fertilizer management
 

and marketing. Retailers will be trained to advise farmers 
on the
 
correct use of fertilizers. Agricultural extension field workers
 

should receive updated information on fertilizer technology on a con
tinual basis. Fertilizer technology should be included in curriculum 

in agricultural colleges. 

11. Too Few Fertilizer Retailers--There are too few retailers offering 
fertilizers for sale to farmers. The distance many farmers have to 
travel for fertilizer is excessive and costly. Many villages with
 

produce markets and other business activities do not have a fertilizer
 

retailer although one 
is needed and could be justified.
 

Recommendations--The recommended fertilizer marketing system will 
select an appropriate fertilizer retailer for all 
major markets and
 

provide an incentive 
for the retailer to carry out all marketing
 

functions which include sales promotion, education, and storage. 
I. Warehousimng--Suitable warehousing for fertilizcr storage is not 

available in all areas. In the very humid conditions in the Diouala 
ports, special warehousing is needed that can be closed to better 
protect the fertilizers. Warehousing and storage facilities are not 
in the best locations to serve retailers and farmers. In many case; s 
coffee warehouses are used for fertilizer storage. The warehouses arc 
not especially designed for fertilizers nor are they located to speci
fically serve the fertilizer industry.
 

Recomm!1J!_enationiis--The Government should make 
 land and faci lities 
for warehouse locations available to fertilizer companies at a fair 
market value and encourage their construction where storage facilities 

for fertilizer are inadequate. 

J. Other Essentijl_ I puts--Other essential inputs to complement the 
fertilizer package are not 
always available at the retail level. 
These include high-yielding varieties of seed, plant protection 
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chemicals (insecticides and herbicides), and farming equipment. 
 Lime
 
is a missing soil amendmr-t that is needed to provide calcium and
 
correct soil acidity. With t the complete package optimum yields
 
will not be forthcoming. A package approach to food-crop production
 

is needed.
 

Recommendations--Develop an action program to encourage private
 
companies to develop sources 
of all essential inputs dnd offer for
 
sale to farmers through the fertilizer retailer network.
 

V. Infrastructure issues
 

There are key elements of infrastructure that are required for the
 
efficient development of an agriculture sector. 
 Some of the required
 

infrastructure is discussed below.
 

A. Roads and Rail--Railroads and pi mary and feeder (farm to market)
 
roads are limited in many sections of Cameroon. Lack of roads places
 
a constraint on the physical movement of fertilizers from port to
 
farmers and movement of farm produce to market.
 

Recommendations--A program for developing and improving railroads,
 
primary roads, and farm-to-market roads between major agricultural
 

producing areas and population centers should be carried out on a
 

priority basis.
 
B. 
 Port Draft and Unloading Equipment--Port draft in Douala is only 7.8 m
 

and is too shallow to allow the berth of vessels carrying the most
 
economical tonnage of imported fertilizers (10,000-20,000 mt). Less
 
than full vessel loads result in uneconomical freight rates and higher
 
fertilizer cost. Unloading equipment in the Douala port results in
 
damage to fertilizer bags and loss of materials. The equipment and
 
facilities are also not suitable for the unloading of bulk materials
 

and in-port bagging.
 

Recommendations--Utilize full loads of the maximum size that the
 
port facilities will accommodate until such time 
as the port can be
 
expanded to accommodate larger, more economical vessels. 
 The GOC
 
should assist the companies in making land and facilities available
 
for the construction of required fertilizer warehouses and unloading
 

equipment.
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GENERAL INTRODUCTION
 

Almost all the agricultural areas of Cameroon need varying inputs of
 
fertilizer nitrogen, phosphorus, sulfur, potassium, calcium, magnesium, and
 
trace elements for increased crop yields.
 

Sound develnpment of fertilizer use starts with a knowledge of the
 
farmer's situation--his farm size, cropping 
 systems, socioeconomic background,
 
education, and the fertility of his 
 soils--and the needed hefertilizers if is
 
to improve his economic returns from farming.
 

However, fertilizers 
 can contribute to increased crop production only 
where there are adequate and efficient physical and institutional infrastructures 
to procure, distribute, and sell fertilizers to farmers fully educated in their
 
correct use. Development of an effective fertilizer sector by Cameroon must be 
based on the concept of integrated marketing which brings together agronomic and 
economic research on fertilizers; the extension activities associated with both 
farmer education and the sales promotion of fertilizers; the production, procure
ment, and distribution of the needed fertilizers; and the establ ishment of an
 
organization to monitor achievements, identify constraints 
to fertilizer use,
 
and take needed to theseor recommend actions remove constraints. 

Section essentially overviewI is an of those items affecting farmer
 
interest in fertilizer and their effective use for 
 increased crop production.
 
In Section 
 1, Part 11, the available data on historical fertilizer use are 
analyzed and used to project probable future supply needs. As the level of 
efficiency of the marketing system will 
be reflected in decreasing or increasing 
fertilizer consumption growth variousrates, scenarios ranging from the simplest 
scenario of no change in the existing system to scenarios using a fully inte
grated commercial type fertilizer operation have been used. 

Section IF develops the theme of the integrated marketing approach to 
fertilizer sector development and makes recommendations for developing an inte
grated self-sufficient marketing system. 

Section [II looks at ways of reducing the costs of fertilizer products 
needed by the marketing system. The possibility of reducing the outflow of 
foreign exchange caused by importing fertilizer through development of local 

production facilities alsois examined. 
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GENERAL CONCLUSIONS
 

Given the large land 
area and the wide range of climatic conditions)

Cameroon ha:; great potential for agricultural and particularly crop production
 
development. Such development is needed in order to meet the food and fiber
 
needs of the growing population and to strengthen agricultural exports, which
 
are a major source of foreign exchange. 
The soils of Cameroon are of relatively

low fertility, and varying amounts of fertilizer nitrogen, phosphorus, potassium,

sulfur, calcium, magnesium, and trace elements are needed for improved crop
 
growth.
 

Fertilizer is only one component of the crop production packages that
 
must be put together in order to increase crop production. However, in Cameroon
 
where crop production is mainly from nonirrigated upland agriculture, fertilizer
 
use 
when combined with good agronomic practices can give significant increases
 
in crop yields in the short term. 
 This being said, fertilizer is a bulky and
 
relatively expensive input which gives economic benefits only when correctly
 
used in terms of fertilizer product selection, rate of application, timing, and
 
placement methodology.
 

More than 105,000 mt of fertilizer was used in Cameroon in 1984/85.

Of this fertilizer, 40% was sold at nonsubsidized prices through the private
 
sector, including SODECOTON, and was used on 
industrial and export crops. 
 The
 
remaining 60% 
or 64,000 mt was procured and distributed as subsidized fertilizer
 
principally to the small coffee farmer who uses it for both his coffee and his
 
food crops. Fertilizer consumption is projected to reach only 186,000 mt by

1995 if the present marketing system and present fertilizer crop price ratios
 
are maintained.
 

The more expensive nonsubsidized fertilizers are used in accordance
 
with generally sound agronomic guidance as 
to fertilizer types and rates of
 
application. 
The subsidized fertilizers are used primarily on coffee and maize
 
or other food crops. The traditional coffee fertilizers are 20-10-10 and
 
ammonium sulfate 
(AS), although urea is being increasingly imported to replace
 
AS.
 

Per unit of nitrogen, ammonium sulfate is expensive. 
 Where sulfur
 
deficiency is not 
a problem, ammonium sulfate should be replaced by urea 
for
 
both coffee and food crops. 
 On maize and other food crops, 20-10-10 can be
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economically replaced by a high-phosphate starter fertilizer such 
as 10-30-10-5S
 
combined with the use of urea as a topdressing for the cereal crop.
 

Results based on research-managed trials show that nonsubsidized
 
fertilizer is profitable with specific crops and that subsidized fertilizer is
 
generally profitable. Low crop prices are 
a major constraint to fertilizer use 
even when using subsidized fertilizer on Arabica coffee. Research on the
 
development of fertilizer recommendations 
for the small farm situation needs to 
be intensified and must incorporate socioeconomic components. In addition, 
there is a need for involvement of extension staff with research astaff and 
wider appreciation by both research and extension staff of marketing problems
 
related to inputs and crops produced. Fertilizer must be seen as an essential 
but costly input to be used in the most cost-effective way possible. 
Good
 
research well coordinated with the extension service 
is one way to achieve this
 

objective.
 

The nonsubsidized fertilizer sector 
is fairly efficient and operates
 
at no direct cost to the Government of Cameroon (GOC) 
 except for its foreign
 
exchange costs. Greater efficiency and savings can be achieved by buying in
 
shipload lots, by reducing 
 the time between purchase and use, and by flexibility 
in the selection of fertilizer products. 

The subsidized component of the fertilizer sector in Cameroon is 
currently experiencing numerous supply and marketing constraints which are 
creating increasing costs to the GOC and holding down farmer demand for
 
fertilizer. A cost-effective and self-sufficient system to service the large
 
number of independent small farmers can be established. To le more operationally 
efficient and at the same time to facilitate the removal of the subsidy burden 
to the GOC, the responsibility for the management of the subsidized sector 
should he transferred to an organization having authority, responsibility, and 
accountability for its effective performance. Through an integrated marketing 
effort and the assurance of a fair crop price to the farmer, GOC subsidy on
 

fertilizer can be eliminated.
 

The system recommended for the susidized fertilizer sector closely 
links supply and marketing. It increases cost-effectiveness by ensuring effi
ciet delivery of the correct fertilizers to farmers more fully lucited in 
their use. The mrketing component of the system integrates sales, promotion/ 
education, market research, distribution, price, and personnel levelopment with 

processing/procurment to achieve the maximum savings to the national economy 
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and to the farmer. 
 The system is flexible and linkages with existing institu
tions are established. 
A network of retailers to enhance the crop production
 
education of small 
farmers is a key component. The system features strong edu
cational efforts to expedite the transfer of fertilizer and crop production use
 
technology to small 
farmers. 
 It places the appropriate fertilizers at locations
 
close to the farms in time for use. 
 Fertilizer consumption by 1995 under this
 
new system is projected to be 20% higher than if the present marketing system
 
continues and nutrient usage would be 25% higher.
 

A significant savings in the cost of fertilizer (about US $35/mt

[FCFA 14 ,000/nitl) can 
be achieved through improvements in procurement. To obtain
 
these savings 
it will be necessary to order larger lots of fertilizer (5,000 mt
 
minimum) to obtain wore favorable purchase prices from the manufacturers and
 
more economic ocean freight rates. 
 Efficient procurement is heavily dependent
 
upon an effective fertilizer marketing system to 
(1) provide reliable demand
 
forecasts, (2) minimize the number of required grades, and 
(3) smooth the flow
 
of material from the port to 
the farmer through an effective distribution and
 
retailing network.
 

Additional savings, up 
to 
a total of about US $55/mt or about
 
WCFA 22 ,000/nit, can 
he obtained by importing relatively large lots of fertilizer
 
(5,000 mt minimum) in bulk and bagging the material locally. This system will
 
also require the strong support of an 
effective marketing system for the 
same
 
rea:'ons as indicated above.
 

Bulk blending of imported bulk materials is a logical extension of the
 
above supply options. However, this option should only be 
implemented after the
 
economics of bulk imports and local bagging are 
clearly demonstrated and a
 
market for bulk blends is establish,,d.
 

During the evol ution of 
the recommended system, 326,000 mt. of fertil
izers wonl( 
be supplied with a reduction in distribution costs of FCFA 14.48
 
billion (US $36.2 million), 
a sapply savings of FCFA 6.42 billion (US $16.05
 
million) and major cost reductions for the GOC due reduction and eventual
to 


elimination of the fertilizer subsidy.
 
Exploitation of Cameroon's natural gas 
reserves by producing urea for 

the export.market (a separate issue evaluated in this study) appears to he 
feasible if the GOC adopts a natural gas pricing policy that will result in a 
urea production cost that is competitive in the world market. in-depthAn study 
is needed to more closely identify the cost and world-scale marketing factors 
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that will determine the feasibility of such a project. 
A small-scale urea
 
production complex for supplying only Cameroon's domestic needs is too uneconomic
 
to warrant further consideration.
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SECTION I
 

CAMEROON AGRICULTURE AND FERTILIZER USE
 

PART I--OVERVIEW
 

Agricu-ture is 
and will continue, in the medium run, 
to be the backbone
 
of the Cameroon economy. 
 The p-or economic situation of the average farmer and
 
the lack of strong physical and institutional infrastructure has 
constrained the
 
growth of the agricultural sector. 
The current situation as 
regards fertilizer
 
use development reflects the general agricultural situation.
 

In this section the importance of agriculture to Cameroon is reviewed
 
as are those factors--climate, soil, 
and farmer situation--which influence crop
 
production and fertilizer use practices.
 

The need for fertilizers and the constraints to 
their use by the large
 
estate and the small 
farmer are discussed in general terms. 
 Current fertilizer
 
recommendations and practices for the key crops are presented and the selection 
of appropriate fertilizers 
is discussed in 
some depth. An analysis in terms of
 
physical yield effects and the probability of fertilizer 
use based on available
 
fertilizer research 
results is 
then given. Recommendations for needed fertilizer
 

research follow.
 

Finally, in 
Part 11, the historical data on 
fertilizer consumption are
 
analyzed and used 
to project future fertilizer needs. 
 As economic, institutional,
 
and physical factors affect fertilizer use, 
future demand projections are made
 
with different scenarios based on economic 
returns from fertilizer and 
on unim
proved and improved marketing systems.
 

Importance of the Agricultural Economy
 

Figure 1-1 gives the administrative divisions of the Republic of
 
Cameroon. 
The total area of Cameroon is 47.5 million ha, 
of which 15% is classi
fied as arable land or land in permanent crops. The population, which is growing 
at 2. 4 %/annum, reached 9.1 million in 1983/84. Seventy-nine percent of the 
population is classified as agricultural.
 

The agricultural sector is and 
 always has thebeen most important 
component of the Cameroon economy despite the increasing importance of oil in 
recent years. A wide range of ecological zones allows Cameroon to have a very 
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diversified agriculture ranging from export crops 
such as coffee, cocoa, cotton, 
and rubber to food crops such as maize and rice (Table 1-1). More than 73% of 
Cameroon's labor force is employed in agriculture. The agricultural sector is 
composed of both "traditional" agriculture and "modern" agriculture. Traditional 
agriculture includes 1.1 million smallholder farmers who plant an average of 
1.7 ha, 
whereas the modern sector includes parastatals as large as 40,000
50,000 ha. 
 The traditional secto till accounts for most of the total agricul
tural production in Cameroon.
 

Domestic Agricultural Production 

A major role of the agricultural sector is to produce food to feed the 
nation. 
 In the past the Cameroon agricultural sector has done this quite well,
 
and the nation is virtually self-sufticient in food production.
 

Agriculturai Expo rts
 
Cameroon is an important exporter 
 of cocoa, coffee, cotton, rubber, 

and tobacco. The area, 
yields, and total production of these crops 
are given in
 
Table 1-2. In 1982/83 exports of cocoa 
and cocoa 
products accounted for about
 
US $150.5 
million while coffee accounted for US $136.5 
million. Coffee and cocoa
 
vie each year for first place in agricultural exports. Farm-level sales of cocoa,
 
coffee, cotton, and tobacco totaled FCFA 108 
billion in 1984 (Table 1-3).
 

Historical and Future Growth of Agriculture
 

In the fifth Five-Year Plan, growth 
 of the agricultural sector was 
projected 
to reach 5% annually. This has not been achieved. Before 1980, the
 
agricultural sector accounted for about one-third of the gross domestic product
 
(GDP) and three-fourths of total export earnings. Because of the growing impor
tance of oil in the country's economy, the 
relative importance of agriculture
 
has declined. 
 Latest estimates put the sector's contribution at 22 of GDP and
 
less than 21% 
of export earnings. )espite the importance of agriculture to 
Cameroon, it was allocated only a small part of the total investment in the
 
fifth Five-Year Plan. 
 Within the agricultural sector, the modern sector has beef 
heavily snpported with subsidies and investments compared with the traditional 
sector. Smallholder production of a number of crops has stagnated and yields of 
export crops have fallen short of exprctations. Major reasons for this lack of 
growth are inadqa te input, supply, and technical crop p)roduction packages;
 
insufficient producer prices for export crops; marketing problems; lack of 
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Table I-1. Cameroon: Food Crop Area Production, Yield, and Sales
 

Cro. 
 Hectares Production Yield Sold 
 Total Sales
 
(mt) (kg/ha) (%) (million FCFA)
 

Maize 205,700 408,740 1,987 23 
 8,430

Sorghum/miltet 373,500 207,660 556 7 1,439
Rice 19,200 50,530 2,626 61 
 2,477

Cassava 
 115,300 1,385,000 12,011 30 
 19,284

Taro/macabo 98,100 
 191,800 2,102 
 23 2,342

Yams 
 23,100 109,420 4,900 
 29 2,699

Irish potatoes 23,800 41,980 
 1,765 
 43 923
Beans 
 91,800 54,460 593 
 37 2,738

Peas 5,862 6,910 1,215 32 

Groundnuts 134,100 99,180 

274
 
740 NA 6,039


Sugarcane 
 2,958 122,810 Q1,518 46 
 2,390

Plantain (bunch) 53,300 63,620 
 1,194 32 19,448

Banana (bunch) 30,400 49,850 
 1,640 32 7,150

Oil palm (liter) 50,200 82,630 
 1,646 33 
 8,108
 
Total food crops 1,227,300 
 - - 83,741 

Source: 1984 Agricultural Census.
 

Table 1-2. Export Crop Area, Yield, and Production, 1984 Units 

C .. Planted Yield Production 
(ha) (kg/ha) 
 (Nt) 

Cocoa 
 276,400 
 381 
 114,000
Arabica coffee 101,100 392 35,400Robusta coffee 154,100 885 18,830
Cotton 
 80,800 1,017 
 82,210
Rubber 
 NA 
 NA 
 NA
Tobacco 2,600 846 2,200 
Source: 1984 Census of Agriculture. Rubber not available. 

Table 1-3. Farm Value of Major Export Crops 

Farms With Total Value Average ValueCro.) Crop Sales of Sales Selling Farm 
(number) (million FCFA) (FCFA) 

Cocoa 
 222,200 47,678 
 215,000

Arabica coffee 
 166,800 
 10,742 
 64,000

Robusta coffee 
 173,500 
 38,227 
 220,000

Cotton 
 124,400 
 10,225 
 820,000

Tobacco 
 21,600 
 1,070 
 50,000
 
Tota 1 
 107,943
 

Source: 1984 Census of Agriculture. 
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feeder roads; 
and land 
tenure constraints. 
Rural incomes lag behind those 
in
 
the cities.
 

Current agricultural growth rates 
projected by the World Bank indicate

that Cameroon may become an 
agricultural importer by the end of the decade. 
 The
 
most recent 
in-depth analysis of the country's food situation in Cameroon
 
(Ministry of Economic Affairs and Planning, 1981) 
showed that, for all foods,

Cameroon will move 
from a position of full self-sufficiency or slight excess
 
demand to 
a position of serious shortages by the end of the century if present

trends 
in food production and consumption continue. 
 Figure 1-2 shows current
 
trends.
 

Oil production in Cameroon is 
expected to peak in 
1985 
at 7.6 million
 
mt and is projected to decline 
to 6.1 million mt 
by 1990. 
 As this occurs, the

importance of the agricultural sector to 
the national economy in 
terms of export

earnings will increase. Thus, 
a strong agricultural sector is 
needed in the
future to replace oil 
revenues 
as well as 
to meet national 
food demands. Fire

fifth Five-Year Plan addressed this 
issue in attempting to stress 
investment in
 
the agricultural sector, particularly by increasing food production by the
 
smal lholder. 

Factors AffectingAgriculture
 

Agricultural production is 
the end product of human initiative based
 
on exploiting the climate, topography, soils, and plant ecology to meet man's

needs for food, fiber, and fuel. 
 Tihe human element in agricultural production

is motivated by socioeconomic considerations. Cameroon has 
a population with a
 
wide spectrum of cultural, social, 
and economic norms.
 

The combination of climate, geology, and physical 
relief determine
 
both the edaphic and ecological features of a country. 
 Cameroon has 
a wide
 
range of climatic, geological, 
and physical relief features; therefore, the
 
country has 
an 
extremely varied edaphic and ecological base and, 
as a result, a
 
wide range of agricultural 
crops and production systems.
 

The level of crop production 
per unit area reflects all 
crop produc
tion factors, many of which (insolation, temperature, etc. ) are uncontrol !able. 
Other factors such as tihe genetic potent ial 
of the crops grown alld 
correc 
agronomic practices, including the maintenance or imlnprovement 
of soil fertility, 
can he changed if sufficient economic incentive exists. 
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The following descriptions briefly outline those factors mentioned
 

which explain the diversity of crops grown in Cameroon.
 

Geology
 

The African basement complex covers 80% 
of the surface area while
 

sedimentary and volcanic rocks 
cover several small areas.
 

The basement complex consists of two major groups of rocks: 
 folded
 
metamorphic gneiss, mainly Precambrian, which forms the major part of the
 
South Plateau and the more 
recent granites of the Western High Plateau, the
 

Adamaoua region, and the Mandara Mountains.
 

The sedimentary formations that occur in the coastal region and in the
 
B~nou6 depression are Cretaceous and Tertiary, and those that occur 
in the
 

coastal subsidence zones 
and the Chad Plain are Quaternary.
 

Volcanic massifs (mainly basalt) 
occur in the west and southwest, the
 

Adamaoua, and the Mandara Mountains.
 

Relief
 

The coastal lowlands, bordered by the Western High Plateau and by the
 
South Cameroon Plateau to 
the north, form an area not exceeding about 90 m in
 

height.
 

The vast Southern Cameroon Plateau, which averages 650 m elevation,
 
forms part of the northern and western border of the Congo Basin.
 

The Western High Plateau ir made up of numerous terraces ranging from
 
1,000 to 1,800 m with scattered volcanic masses 
rising to 3,000 m. The volcanic
 
massif starts in the Gulf of Guinea with Mount Cameroon (4,070 m) and terminates
 

with the Mandara Mountains.
 

The Adamaoua, with an average elevation of 1,100 m, occupies the 
center
 
of the country. The northern boundary of the Adamaoua covered by the volcanic
 
massifs (reaching 2,460 m) falls abruptly to 
the Benou6 Basin.
 

The B6nou6 Basin, 
a vast basin to the north of the Adamaoua, opens to
 
the northeast onto the Chad Plain. The center of the Basin is broken by buttes
 
and mesas while on 
the northern and southern fringes inselbergs or massifs
 

surrounding the Adamaoua and the Mandara Mountains stand out.
 

The Mandara Mountains cover the least area and are the lowest of the 
High Plateau. The massif is isolated between the Benou6 Basin and the Northern 
Plain. The northern and southern parts of the chain are the most mountainous 

reaching a maximum of 1,440 m. 
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The Northern Plain extends between the Mandara Mountains, the Logone
 
and Chari Valleys, and Lake Chad. 
 The region bordering the Mandara massif is
 
the only part which is flood-free; the rest of the plain is 
almost totally
 

flooded in the rainy 
season.
 

Hydrology
 

Most of the rivers rise in the Adamaoua and in the Southern Plateau
 
and are split into four basins: 
 (1) the AtlinLic Basin which comprises three
 
river systems--the Sanaga and its tributaries, 
the coastal rivers of the west
 
(Cross, Mungo, Wouri, and Didamba), and the southern coastal rivers (Wyong,
 
Lokoundje, and Ntem); 
(2) the basin of the Congo (Kadei and Ngoko); (3) the
 
Niger Basin (B6nou6 and Faro); and (4) the Lake Chad Basin (Logone) and various
 

other lakes.
 

Climate
 

Spread between latitudes 2°N and 13'N Cameroon has 
two distinct
 

climatic zones.
 

To the north of the sixth parallel, there are distinct wet and dry
 
seasons. The southern part of this area, 
the Sudanian zone, benefits from a
 
6-7 month rainy season, whereas for the more northerly Sahelian zone the rainy
 

season 
lasts less than 5 months.
 

To the south of the sixth parallel, the climate is equatorial and again
 
of two types: the classical Guinean zone with 
two slightly different wet and dry
 
seasorE. annually and the Cameroonian Guinean zone which is 
caused by the mountain
 
massifs of the west. 
This latter has a rainy season of 9 months 
and a short dry
 

season of about 3 months.
 

Temperatures (Figure 1-3)
 

The spread of the country over the 110 of latitude leads to significant
 
differences between the north and the south, and the large differences in eleva

tion also have their effect.
 

In the south the temperatures are relatively constant: 
 at low eleva
tion the mean is 25°C with a small annual variation of 3°C and a diurnal varia

tion of only 5'-10°C. 

In the north temperature variations are more marked: at low eleva
tions the mean annual temperature rises to 28'C with an annual variation of 10' 
to 15'C, according to latitude, and a strong diurnal variation of about 20'C. 
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Rainfall (Distribution, Figure 1-3, and Annual, Figure 1-4)
 

Rainfall diminishes from south to north as 
a function of latitude and
 

from west to east as 
a function of distance from the ocean and the more mountain

ous regions of the west.
 

The coastal area rainfall ranges from 4,000 mm at 
the mouth of the
 

Sanaga on 
the Nigerian border to 2,700 mm at the Equatorial Guinea border.
 

Inland from the 
coast total rainfall drops quite rapidly. The coastal
 

areas and the dorsal mountains receive a copious rainfall of more than 2,000 mm
 

except in a few sheltered areas.
 

The major eastern and southern areas have rainfall between 1,500 and
 

1,700 mm.
 

North of the Adamaoua the isohyets fall rapidly from 1,500 to 400 mm
 

(Figure 1-4).
 

The rainiest month of the year follows 
the southward movement of the
 
intertropical front. 
 Maximum monthly rainfall is in August in the north, in
 

September in the Adamaoua, and in October, without exception, in the south-center
 

and southeast. The monsoon gives maximum rainfall in July and August in the
 

massifs directly exposed to the prevailing winds, and in the low areas September
 

and October are the wettest months.
 

The 2,000-mm isohyet outlines the area affected by the monsoon. The
 

rainfall within this isohyet varies enormously with up to 10,000 mm of rain at
 

Dbundscha.
 

Natural Vegetation and Crops Grown
 

The natural vegetation of Cameroon is 
richly diverse reflecting the
 

climatic and edaphic features of the country (Figure 1-5).
 

This diversity has been exploited by the Cameroon farmer to 
develop
 

a series of complex farming and cropping systems which, for centuries, have
 

exploited the soils and moisture regimes available in a most effective manner.
 

Figure 1-6 shows how the major edapho-ecological zones of Cameroon
 

affect the food crops grown. 
 This map, however, gives only a 'general indication
 

of the great complexity of the cropping systems developed and used by most 
Cameroon farmers today. These systems have stood the test of time, but they are 
now increasingly being abandoned in many areas because of increased population 

pressures and a growing cash crop orientation of the farmers.
 

The major perennial cash crops, coffee, 
 cocoa, oil palm, rubber, and 
bananas grow in the Guinean zone while cotton grows in the nortLhern Sudanian and 

Sahel ian zones. 
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Figure 1-4. Mean Annual Rainfall in Cameroon. 
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Figure 1-5. Natural Vegetation of Cameroon. 



13
 

120 

00 

Legende
 

= mit 100 
mais. taro. macabo. haricot'" 
ignames. mais ftculents & mais
 
manioc, mais
 
plantain, manioc, inacabo
 
'macabo, plantain fculents 
manioc)
 

-rizarachide 

80 

0 100 200km 

1980 

,-t 

8l 
 lao 120 
 140 
 160
 

Source: Westphal (1985).
 

Figure 1-6. The Principal Food Crops of Cameroon.
 

40 



14
 

So i ls
 

The soils 
of Cameroon have been mapped by FAO/United Nations Educational,
 

Scientific, and Cultural Organization (UNESCO) (Figure 1-7 and legend). 
 The soil
 

units used for the map have been described by Awa (1975) as follows. 

Acrisols_(A)--Acrisols are very acid, highly weathered, and leached 

soils. They are characterized by a low base saturation and hav? rather sandy 

surface horizons and clayey subsurface horizons. Nearly all Acrisols of Cameroon 

are Orthic Aurisols (Ao), which is connotative of the common types of Acrisols. 

Host of these soils are Sols ferrallitiq es yee , brP- !un se
 

according to the French classification system. They are acid aid chem:ically
 

very poor. They have a low development potential and are usually very hard to
 

improve and to bring into good agricultural potential. The nutrient status is 

very low, whereas their capacity to retain phosphate is high. To develop these
 

soils, fertilizers will be required, and the cost of these will be 
one of the
 

important factors determining the 
use of these soils. Host of the Acrisols are 

found in central Cameroon. 

Ferralsols (F)--Ferralsols are highly weathered, red and yellowish red 

soils with a high content of iron and aluminum oxides. They are acid, generally
 

very deep without much horizon differentiation, and clayey in texture. These
 

soils are physically very good, but chemically they are poor and deficient in
 

nutrients. Host of the Ferralsols in 
Cameroon are OrLhic Frra I which isso1s, 

the common red type of Ferralsol. These soils cover most of the slightly undu-

Iating areas of the Central-South Province. These soils include the Sots 

ferra.litique tv..I.. , roues roches acides, moyennement et fortement 

desatlre6s according to the French classification system. 

Although these soils are low in nutrients, they generally have a fairly 

good development potential and are suitable for a wide range of cropping systems, 

provided a good management inclrding the use of fertilizers is lracticed. 

On the Cameroon highlands of the western provinces hlimic Ferralsols
 
are found--Sol s terra ii ues humifres. They are characterized by an appre

ciable amount of organic matter and a low base saturation. 'l'hen soils provide 

good agricuitural land, but they are highly susceptible to erosion. Soil 

conlservat ion pact ices, theretore, are very necessary. 

The Rhdic Ferralsols are those Ferralsols with dark red colors and a
 

very clayey txture; they are mra inly formed from hasic rockIi--Sls fv_-l ti.tues 
fa iilemunet desatnres. 'Thy are less weathered and have a fairly good nutrient 

status. 'logetter wit h the lHumic Ferral sol s they represent tihe highest potent ial 
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Figure 1-7. Schematic Soil Map of Cameroon. 
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within the Ferralsols. These soils are found around Ngaoundere and in the
 
western provinces. The Xanthic Ferralsols 
are the sandier and yellower members 
of the Ferra Isol s, found around Douala--Sols ferrallitiques typRicues jaunes. 
These soils are less suitable for agriculture; consisting mostly of Quartz and 
sesquioxides., they dry out easily and require high amounts of fertilizer to 
produce acceptable levels of yields.
 

Fluvisols (J)--Fluvisols are 
developed from recent alluvial deposits--
Sols d'_appart sur alluvions. These young soils do not show much horizon differ
entiation, but generally they have a good level of organic matter and fertility,
 

particularly the Eutric Fluvisols. 
 These soils form a very fertile group of
 
soils worthy of being given priority for development. Their nearness 
to a water 
source gives them added advantages in an irrigation program. Most of the 
Fluvisols cannot be mapped on small-scale maps, and they occur mostly in asso
ciation with other units. 

Gleysols (G)--Gleysols--Sols i gley are formed from unconsolidated 
materials exclusive of recent alluvial deposits, and they show hydromorphic
 

properties. 
Most coastal soils covered with a mangrove vegetation belong to
 
this unit. 
 Because these soils suffer from frequent flooding, high water
 
tables, or both, they require very 
 costly reclamation work fo" their agricul
tural development. The Gleysols of the 
 river valleys may be suitable for rice
 
production. The Gleysols of 
 Cameroon are mostly l)ystric Gleysols, or Gleysols 
with a relatively low fertility status, and Humic Gleysols, which have a con
siderable amount of organic matter. 

Lithosols (I)--Lithosols are soils which are shallow to very shallow 
over continuous coherent hard rock. They occur normally in areas with steep 
mountain slopes 
in the Cameroon highlands and the Adamaoua massif. 
Their agri
cultural value is low, although some of them, like those around Mount Cameroon, 
are associated with young volcanic soils which have a very good development 

potentia I. 
Luvi _sols (L)_--Luvisols are characterized by an accumulation of clay in 

the subsurface horizons--Sols tRiL_ - lessiv6s. These soils are found mostly 
in the North Province, south of Garoua. 
 The Ferric Luvisols--Sols Errugineux 
lessives--are those Luvisols with ferric properties, ie. , many uoarse, red
colored motLLIs. These soils have a sandy texture and a relatively low organic 
matter con tnt. Their possibilities for development are not good. The GUMyic 
Luvisols--Sols ,, pseudo-ly de profondeur--are Luvisols characterized by 
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problems of excess water. 
 In Cameroon these soils have rather sandy texture,
 
low organic matter contents, and 
are not very favorable for development.
 

Nitosols (N)--Nitosols are 
deep dark red ferrallitic soils developed
 
mostly on old basic volcanic rocks. They are generally very clayey, well
 
structured, and relatively rich in 
organic matter with a fair to good fertility
 
status. 
 These soils should give good response to fertilizers. They include the 

Sols ferralKt iques typ iut} es sur roches basiques moennement dsatures. In 
Cameroon, these soils are 
among the most cultivated and utilized, and they are
 
found notably 
in the western provinces and the Ngaoundere area.
 

The Dystric Nitosols, the less 
fertile subunits, have relatively low
 
base saturation percentages, whereas 
the Eutric Nitosols have higher base satura
tion values. Both soils 
occur generally in association with Ferralsols and
 

Acrisols.
 

Planosols (W)--/lanosols are soils of level 
areas with light-colored
 
loamy surface horizons overlying a slowly permeable, dense, clayey subsurface
 
horizon, showing hydromorphic properties and poor drainage. 
 In Cameroon these
 
soils are 
found exclusively in the Extreme North Province--les sols "hard6"--and
 
they are characterized by some sodium in the exchange complex. 
 These soils--

Solodic Planosols--are Sols ;i seudo le 
_____ sol " lcalis et les solonetz 

.. . . .. . ... .min.raux,,e s at , .--  -


solodists. 
-


They have unfavorable physical peoperties and are 
very difficult to
 

manage.
 

Regosols (R)--Regosols 
are soils from unconsolidated generaliy 
coarse
textured materials without much horizon differentiation. 
These soils are the
 
Sols Inineraux brLts d erosion et 
 les sols peu Avolu6s d'erosion. They occur
 
particularly 
in the north (Mandara massif, around Maroua and northeast of
 
Ngaoundere). These soils are generally shallow, sandy, very dry, and low in
 
organic matter content, with limited possibilities for development.
 

Ve.rtis-ols (V)--Vertisols are dark-colored clayey soils with 
a swelling
 
clay. In Cameroon, most of the Vertisols 
are very dark colored Pellic Vertisols. 
They occur in the north on the Logone Plain, and in tihe Iperou6 Valley in asso

ciation with Gleysols and Iluvisols. 

Some of tLhrse soils are more or less hydromorplir, particularly the 
ones of the Logonie Ilain, which are subjected to frequent flooding. When not 
hydromorthric, tlivse soils aru intensively used and have 
a relatively good 
development potent ial al though they are difficult to manage. ''h' hydromorphic 
Vertisols are limited to irrigated rice cultivation.
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Crop Production
 

The Farming Household
 

Agricultural production in Cameroon 
 comes almost entirely from small
 
farm fami I ies . The total area cultivated by a family is from 
 1 to 3 ha, planted 

patLi.ally in foud crops and p,,rtiailly in cash crops. The food produced is 
essentially for subsistence, and it is this pattern which the government hopes
 
to change as the food needs 
 of the expanding urban population grow. 

These small farm households are poor. The World Bank estimated in
 
1982 that families with 
less than 1 ha of land had a total income (earnings plus 
the market value of their subsistence crops) of only one-half of the poorest
 
paid nonagricultural 
 worker. It was estimated that at least 2.5 Iha of cultivated
 
land was needed to obtain a total income equivalent to that of the nonspecialized 
urban worker. Government interest iv the small farmer arises not only because
 
of his potential to increase food production 
but also because of the opportunity 
of increasing labor demand in the rural areas which would alleviate rural unem
ployment, mitigate rural-urban migration, and rural
rais, incomes.
 

With a sound marketing economy, the potential for deveoping improved
 
technologies that bring about 
 substantial increases in productivity is much
 
greater than under the more restrictive conditions surrounding the food 
 self
smfficiency orientation of farming 
 families.
 

Large areas exist 
 in Cameroon where application of low-input technolo
gies call increase yields and help to reduce the fallow period needed for soil
 
fertility restoration. Fertilizer may 
 not necessarily he a component of tie 
crop production package, for example, in the sparsely settled forest regions. 

In other areas, however, particularly where there is population 
pressure, fertilizer will neededbe if yields are to be increased. Where a 
reliable cash crop market exists, the combination of labor availability and good 
marketing infrastructure will lead to a rapid increase in production based on 

fertilizer use. 

Cros __Grown 

Given the wide range in climatic conditions, agricultural production 
is very diversified, and unlike most of Africa, Cameroon can maintain food 
self-sufficiemicy givem a iiodicm of effective government encouragement. 
Table I-1 gives the most recent statistics of crop production. Ex)ort bananas, 
sugarcane, oil palm, and rubher are grown as well-managed imdustrial estate 



19
 

crops. Cotton is grown in 
the north by small farmers under the tutelage of
 

SODECOTON.
 

Tie major export crops, cocoa and coffee, are produced mainly by small
 

farmers as is the important cash crop maize.
 

Cropping 	 ys tems
 

Farm size varies from 1 to 3 
 ha with the food crops being essentially
 

grown as subsistence crops. Coffee, cocoa, and cotton are the cash crops.
 

Increasingly food 
is being sold off the farm wherever roads exist.
 

The traditional system of the man looking after the cash crop and the woman 

looking after time food crops has held back the introduction of improved tech

nology for food-crop production. But as food crops are increasingly sold off
 

the farm, the food crops will 
come to be regarded as cash crops, particularly if
 

the farmer receives poor returns on his traditional cash crops.
 

This change has already occurred to a significant degree in the more 

densely populated western coffee-growing areas where coffee fertilizer is widely 

used on food crops. In 
the cotton areas the residual effects of fertilizer
 

applied to the cotton are particularly appreciated by the f armer who follows 

cotton withi maize and who thus can be fairly easily encouraged to use 

nitrogenous fertilizer on maize for sate as a cash crop. 

Where there is no pressure on the land, traditional shifting cultiva

tion practices are common. Where population pressure has led to "formally" 

owned patches of land, almost continuous cropping occurs. Mono-crops of sorghum 

or millet are common in the north; in the North West and West Provinces, and 

particula rly around Bafoussam, the plots are more of the garden type with a 

great complexity of spatial organization and sequence of planting of crops 

facilitated by the 9-month wet season. 

Cuiltivatable Soils and Chemical Factors Affecting Fertility 

The areas ,f cultivatable soils by soil group and the soil fertility 

constraints associated with these soil groups are given in Tablle 1-4. The data 

are from the l"AO-Imniversity of" North Carolina (ata base. 

Soils of te noirthern region generally are low illorganic matter, and 

response to mitrogen fertilizer can be expected. In rontraist, ilm the forest 

zone responses to nitrogen may not be obtained during the I irst 2-4 years after 

clearing of' dense forest hut may occur in the first year ;fter clearing thicket

shrub vege tat ion. Progressive ly higher rates of nitrogen are needed to maintain 

high yields with prolonged cropping of a]l soils. 
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Table 1-4. Cameroon--Cultivatable Soils and Chemical Factors Affecting Fertility
 

Soil Group 
Cultivatable 

Area Gley 
Low 
CEC 

Al 
Toxicity Acid 

High P 
Fixation 

Low K 
Reserve 

--------------- ('000 ha)- - ---.................... 
Acrisol 

Andosol 
2,925 

301 
38 

-
-

-
2,925 

-
-

135 
2,887 

-
2,925 

-Arcnso] 247 - 247 - -
Cambisol 302 - - 61 241 -

_ 
-Ferrilsol 

F]luvisol 
Gleysol 

24,933 
685 

2,293 

-
-

2,293 

862 
-
-

24,309 

-
-

624 
39 

83 

2,215 
-
-

24,933 

-
-

HIistosol 419 419 - - 419 - -
Luvisol 
Nitosol 

Planosol 

2,702 

6,512 

1,009 

918 

-

1,009 

-

-

-

-
5,768 

-

2,702 

744 

-

-

-

-

-
6,512 

-Podzol 19 - -- 19 - -
Regosol 1,366 - - - 47 -
Solonchak 34 34 - - -
Solonetz 10 10 - - - -
Vertisol 1,217 

TOTAL 44,975 4,784 1,109 33,063 5,053 5,102 34,370 
a. 
Excludes only LitLhosols and Plinthic Ferralsols from total land 
area.
 
Source: FAO. University of North Carolina Data Base.
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The major soil fertility constraint for crop growth is the low level
 

of phosphate in most soils. Those soils with aluminum toxicity, the acid soils, 
and the high P-fixing soils are all deficient in phosphate (see Table 1-4),
 

meaning that 80% of the cultivatable soils of Cameroon are low in phosphate. 

As wouLd be expected, therefore, phosphorus responses 
are common on
 

both forest and savanna soils. On most soils, low rates of P205 (20-40 kg/ha)
 
are adequate 
 for optimum yields. Good residual P responses in the years follow
ing application also are observed on soils with low phosphate-fixing properties. 
One implication of this is that high rates of application of P205 used for the 

cotton crop result in yield benefits to the following food crop.
 

South of the 60 parallel, soils are 
low in potash in comparison with
 
soils farther north. However, potash deficiency in crops, at least under more
 
traditional agriculture, is 
a function of the degree of organic matter recycling.
 

In the savannah zone, soils lose organic matter rapidly when they are
 
cultivated, and since farmers traditionally do not practice good crop residue
 

management, lower levels of potassium are 
found. In contrast, under the tradi

tional shifting cultivation practices of the forest zone, 
there is effective
 

organic matter recycling, and nutrients Leached from the surface layer of the
 

soil are recycled through the complex subsoil 
root system.
 

Intensive agriculture, with the removal of large amounts of potash in
 
the harvested portion of the crop, will need potash applications to maintain
 

yields, and the potash status of crops should be continually monitored to ensure
 

that adequate potash is being used.
 

Sulfur deficiencies have been observed on maize and are of potential
 

importance for legume crops. Sulfur deficiencies would be expected to develop
 

over wide areas of the north if non-sulfur-containing fertilizers are used. 
This is 
a result of the low organic matter levels, poor organic matter and crop
 

residue management, and the low quantities of sulfur in rainfall. 
 About 7

15 kg/ha of sulfur appears adequate to correct any deficiency. Sulfur is 

included in the cotton fertilizers.
 

Zinc deficiencies have occurred 
on maize in the north. Zinc applied
 

at 1-2 kg/ha corrects this problem.
 

Boron deficiency is often observed on 
cotton and sometimes on ground

nuts. 
 Boron is included in all cotton fertilizers.
 

With increasing population pressure and a shortening o. the fallow
 
periods due to increased cropping intensities, soil fertility will decline. The 

decline may be less in the savanna areas and at the forest-savanna boundary (Nye
 
and Greenland, 
1960; FAO, 1973; Jones and Wild, 1975) than for the typical soils
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of the forest zone where the higher levels of adsorbed aluminum in the 
root zone
 
of these soils lead to poorer growth of most crops.
 

A major critical factor for the future development of a fertilizer
based high-yield crop production system is the large area 
of land with actual or
 
potential aluminum toxicity. This toxicity can be alleviated by good organic 
matter recycling and by the use of plant ash (burning), which is a traditional 
method. The selection of plant varieties tolerant of high-exchangeable aluminum 
levels is a modern palliative. Unfortunately, fertilizer use (nitrogen) exacer
bates the problem because of soil acidification effects. A national agricultural 
lime policy is needed to overcome this problem. 

Besides a decline of nutrient status, other factors contribute to
 
diminished returns 
from intensified traditional farming. 
 Weed infestations may
 
be as important as 
nutrient depletion.
 

Much information exists on 
 nutrient and yield decline with continued
 
cropping (Nye and Greenland, 1960; Sanchez, 1976). 
 It has been well established
 
that appropriate fertilizer use can not 
only arrest the decline but also maintain
 
yields at high levels (Kang et al., 1977; Sanchez, 1979). 
 Economic restrictions
 
may occur, however, particularly in the more acid soil areas 
unless cheap lime
 
is readily available.
 

The Role of Fertilizers in Crop Production
 

The Need for Fertilizers
 

Given good genetic plant material and sound agronomic practices, water 
and soil fertility are the keys to high crop production levels. The importance
 
of water in crop production cannot 
 be overstressed, but irrigation plays only a
 
minor role 
 in Cameroon crop production. The agricultural future lies in the
 
rainfed areas, and improvement in soil fertility 
 at the farm level is a key 
element for maintaining and improving crop yields.
 

Drought is often 
 a factor in some of the rainfed areas. However, 
drought should not be overemphasized. Even for the Sahel area drought is not 
the primary problem; poverty of the soil is the problem. Throughout Cameroon,
 
low-fertility 
soils are a major constraint on crop production. 

Soil fertility management is a complex issue, and al1though the farmer 
is interested primarily in his profit in the short run, the government must beconcerned with the total fertility of the soil resources of the nation and not 
just in maintaining or increasing fertilizer use by pricing policies. 
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Organic matter recycling and the use of legumes are generally regarded 
as essential if soils are to 
remain productive and if dependency on fertilizer
 
use is to be lessened. Organic matter recycling is labor intensive and must be
 
developed by the farmer himself; the government role here is encouragement of
 
the farmer by education and financial reward in terms of attractive crop prices. 

Fertilizers are used to make a profit. They make a profit because 
without them the soil is incapable of supplying the nutrients needed for the 

desired level of crop yields.
 

Fertilizers 
are expensive ex-factory, and their distribution and storage
 
costs 
are very high because of their seasonal use and bulky nature. By careless
 

management or 
the use of the wrong fertilizer, the farmer can 
turn a potential
 

profit source into a net 
loss and waste both his restricted reserves and national
 

foreign exchange.
 

Fertilizers can contribute to 
increased crop production only in areas
 
with adequate physical and institutional infrastructures. Physical infrastruc

ture requirements include 
 adequate road, transport, and storage facilities;
 
institutional infrastructure needs 
include good crop and input marketing services
 
including credit and 
an adequate information base. 
 In Cameroon, therefore,
 

increased national crop production will come initially from those rather
 

restricted areas having a sound infrastructure able to deliver fertilizers to
 
farmers who will use 
 them in a cost-effective manner. 

Under Cameroon conditions, an increasingly important impact of fertil
izer on food-crop yields can be expected with the cereal crops 
and particularly 

with maize, which requires a high level of soil fertility tr good yields. 

The root crops--cassava, notyams, cocoyams, and sweet potatoes--are 
generally fertilized. The present varieties and cultural practices are essen
tially low input systems where yields can be 
 improved by better agronomic 
practices without the need for purchased inputs. The same situation applies to 

plantains. 

Leguminous crops, particularly groundnuts and soybeans, respond well 

to fertilizer phosphate. 

The plantation crops--oil palm, rubber, tea, coft ,e, bananas, and 
sugarcane--all need well-balanced fertilization in order t be profitable. 

Under peasant conditions, however, unless the standard of management is good, 

fertilizer use may well be uneconomical. 
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Increasing Fertilizer Use by the Small Farmer
 
Fertilizer use 
iniAfrica has not developed as many planners hoped it
 

would. If faults are to be identified, then probably the key failing has 
been
 
the lack of 
farmer service in terms of guidance and customer service. 

Perhaps the most informative report on factors affecting ferti izer
 
use growth rates for food-crop production comes from India (Desai, 1982). The
 
following quotation from )esai is particularly apt at this stage in 
the develop

ment of fertilizer use in Cameroon. 

In India, actual total 
fertilizer consumption has been substantially

less than the economic potential for it; and fertilizer prices have
 
been administratively controlled. 
 Under these circumstances, it would
 
he incorrect to interpret the 
time series of total fertilizer consumption within a framework of demand analysis only, relating it to 
the
 
agroeconomic variables behind 
farmers' demand for fertilizer in order
 
to identify the forces governing it. The pace of growth 
in total
 
fertilizer consumption would also be governed by the processes that
 
convert the potential into actual farmers' demand. 
 This would include
 
development of an 
adequate and efficient distribution system, efforts
 
to promote fertilizer use on 
different crops, and increased avail
ability of fertilizer.
 

Experience from most developing countries shows clearly that cheap
 
fertilizer does not often help the poorer farmers. 
 African governments have
 
tended to focus on the 
use of subsidies to reduce fertilizer costs and therefore
 
increase their use. 
 However, under any combination of conditions a sound
 
fertilizer marketing system as described in Section Ii is a sine qua 
non of
 

increased fertilizer use.
 

Current Fertilizer Recommendations and Practices
 

Fertilizer use in Cameroon falls 
into three major categories of users:
 
1. The industrial or large estates growing oil 
palm, rubber, bananas, tea, and
 

sugarcane. This group pays the 
full market price for fertilizers. 
2. The farmers working with SODECOTON who receive fertilizers from SODECOTON
 

to be used as part of a complete production package. These fertilizers are 
also paid for at full market price by SODECOTON. Although they may be sold 
at discountLed price to the farmers, this subsidy is recovered in the cotton 

crop price paid to the farmers. 



25
 

3. The coffee growers 
(both Robusta and Arabica), who are mainly smallholders,
 

with some larger plantations also involved. (Notable among the latter is
 

the CFSO which is a full-scale industrial-type plantation with more than
 

1,000 ha of Robusta), The fertilizer for coffee growers receives the full
 

gove rnment subsidy. 

Additional ly, there 
are a host of government-sponsored small farm
 
schemes, notably those of SEMRY in the north which grows rice, 
and those of the
 

plantain arid banana growers who essentially supply the urban areas of Douala and 
Yaouunde, which also receive subsidized fertilizer.
 

Current fertilizer recommendations and practices 
for the various
 
industrial and export-oriented crops, 
namely oil palm, rubber, and coffee
 

(Arabica and Robusta), have been based 
on years of development work by the major
 
French research organizations, i.e., parent organizations. The French crop
 
physiologists Lagatu and iaume, who in 
the early 1930s developed the diagnostic
 
techniques of plant tissue analysis, had a tremendous impact 
on French overseas
 
agriculture research. 
Much of the credit for the development and use of tissue
 

testing as a means of control of the nutrient status of truical crops must go
 
to the French researchers. 
 The French tissue testing work has received inter

national acceptance, and 
the close working link between the Malaysia oil palm 
and rubber industry agronomists and their French colleagues is an example of
 

this acceptance.
 

The major aim of tissue analysis is to establish norms for a healthy
 
plant growing irider good conditions. Norms have been established for N, P, K,
 

Hg, Ca for the tree crops, for bananas, and for coffee and rLLon. 
This infor

mation, in combination with soil analytical data and the 
level of nutrient
 
exported from the field with the harvested portion of the urop grown, has led to
 
fertilizer recommelations that 
must be essentially correut for the conditions
 

in Cameroon, although many officials question tie type of 
Iertilizer recommended 

for coffee production over a wide range of soils. 

Three problems could perhaps be noted: 
 (1) the apparent slowness in
 
changing over from tie expensive ammonium sulfate 
(AS) to tIhe chmeapjler urea,
 

(2) the lack of mornitorinrig of the ecolommic returns from te i Ilizeir use, arid 
(3) time need for better communications with farmers arnd 
th, urp production
 

specialists of IRA. 
 These problems reflect a lack of respinsiveness of the 

system, not a lark of terNiWical competence. 
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For food crops, although only the fertilizer response of monoculture 
rice has wellbeen documented in the past, the response curves of pure stands of 
maize, groundnuts, and sorghum--major food crops--are now becoming available. 

AparL from the work of the FAO Fertilizer Programme, terminated in
 
1972, fertilizer response (ata 
 for the complex cropping systems of the coffee
 
areas are lacking, and the transfer 
of responses obLtained with pure stands of
 
any particular crop to 
 the mixed cropping system is fraught with danger. One
 
thing is, however, abundantly clear and that 
 is that 20-10-10 and ammonium
 
sulfate 
coffee fertilizers are used by default as food-crop fertilizers. The
 
need for a high phosphate basal fertilizer dressing such as 
 a 10-30-10 followed 
by topdressings of urea, as and when necessary, is widely recognized. Such a
 
fertilizer combination would be of great 
value to the intercropped groundnut/maize 
system. A basal dressing of 10-30-10 would be adequate for the groundnuts or
 
beans arid would act as an 
 excel lent starter for the maize crop to be followed
 
by topdressed urea 
 on the maize only at a later stage. 

Such an approach presupposes a change to line sowing rather than the
 
traditional mound sowing. Such changes can 
 occur very quickly where farmers
 
have an 
 economic incentive to change their practices. 

Oil Paln and Rubber 

Industrial estates of oil palm and rubber monitor soil and plant
 
tissue levels 
 and correct fertilization as necessary.
 

Fertilizers 
 used are ground phosphate rock (now being replaced by

diammonium lhosphate 
 [IDAPJ), sulfate of ammonia (now being replaced by urea), 
potassium chloride (KCl), kieserite to correct magnesium deficiency, and crushed
 
dolomite to correct calcium 
and magnesium deficiencies and soil acidity. 

The major fertilizer-related problem facing these estate organizations

is the 
heavy cost of fertilizer application and th( danger of excessive loss of 
nitrogen from surface-applied urea and )AP. The possibility of using liquids 
for a pplicat ion should be considered because this cmuld reduce appli(-ation costs 
and could rmduce losses of ammonia from urea and DAP. (See Table 1-6 for the 
estimated rise of fertilizer on these crops.) 

lliamn Pa 

Up t o the present, fertilizer recomnmendations for bananas were 
1,400 kg of AS arnd 100 kg of KCI per cycle with 2,000 plants to tihe hectare. 
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OCB was not satisfied with the growth of some of its 
plots and
 
requested a survey of its banana plantations in April 1984; this was 
carried out 
by the IRA Ekona Station. The problem was identified as excessive acidity 
caused mainly by the heavy dressings of ammonium sulfate. Dolomite treatments
 
have now been started, and Lhe IRA Station at Nyombe has 
been given the task of 
monitoring soil and plant tissue nutrieu levels in order to avoid waste of 
potash and prevent excessive soil acidification. All bananas for export are 
well fertilized. IFDC estimates 
indicate that 2,000 mt of fertilizer was used
 

on this crop.
 

Pinea2 pe 

The amount of fertilizer use 
is quite high, 300 kg of nitrogen as urea
 
and 600 kg of K20 as potassium sulfate per hectare per year. 
Although hitrogen
 
increases yields and potash does 
 not, apparently these heavy doses of potash are
 
needed to maintain quality at 
the higher yields which nitrogen gives.
 

The pineapples are fertilized using dilute solutions sprayed onto the
 
crop at regular intervals in 
the dry season and solids applied into the axils of 

the older leaves in the wet season. 

Without fertilizer use, export-quality pineapples cannot be grown, and
 

therefore all 
export pineapples are well fertilized.
 

Suga rcane 

The first plantation established, SOSUCAN, has a total area of 6,960 ha,
 
of which 5,500 ha of cane is harvested each year. 

The cropping system is plant-cane followed by 8-10 ratoon crops and 
then a leguminous fallow of 1-2 years before replanting. The fields are burned 
before harvest and hand cut. Yields are 64 mt/ha of cane with a rendement 
(factory recovered sugar) of 9%. The crushing season is 6 months, from March to 

September. 

The factory residues, scums (0.4% N, 0.8% P2 05), and molasses (4.5% 

K2 0) are used together with fertilizers. 

At planting, 20 Wt of scums and 3 mt of molasses are used. "or the 
ratoons the following amounts are used: 200 kg of urea aplied in split doses 
(100 kg on the surface of the harvested field and 100 kg applied by air afLter 
3 months), 50 kg IAI' applied on the surface after harvest, and 250 kg KCI applied 
on the surface afiter harvest. Two mt of molasses is also a)pli el on the surface 

after harvest. 
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In the past ammonium sufate used,was but because the soils are
 
naturally acid, problems due to an increase of acidity 
have apparently arisen. 

The company is now starting a program of applying 2 mt/ha of ground 
limestone each 10 years. The limestone is obtained from the northern deposit at 
Viguil. The material is 49% CaO and only 0.5% MgO. It is rather coarsely
 
ground (100% through I mm and 
 50% through 0.1 mm sieves). 

The estate has its own agronomy section and apparently continues to
 
carry out agronomic 
 and soil fertility research. 

The second sugar plantation, CAMSUCO, created in 1974 is contiguous 
with SOSHICAM; apparently the two plantations are very competitive, at least in
 
terms of agronomic and soil fertility research. 
 The total area at CANSUCO is
 
12,000 ha, the developed area is 11,300 ha, and 
 the planted area is 10,900 ha.
 
Yields are slightly over 84 mt/ha 
 and the rendement is 8.25%. There are rather 
large areas of termite-affected land, and the molasses and scums are used
 
entirely on these areas in to
order increase soil fertility and organic matter. 

Plant cane is fertilized in the furrow at planting, and the ratoons are 
fertilized afler harvest. Average treatments are urea at 80 kg N/ha, DAP at
 
28 kg N/ha + 70 kg 1205, and 
 KCI at 180 kg K2 0/ha. Urea is not split dressed as
 
at SOSIJCAM. Limestone is not used because soil pH 
 is above 5.5. 

The probability of up to 20% loss of nitrogen from the surface-applied 
urea and DAP by ammonia volatilization was accepted by both estates. 

Fertilizers for the sugar industry are not subsidized and so presumably 
are used judiciously. All technical information on yield trials was regarded as 
con!iderntiaI at both estates, but it was stated that at least 25% of the total 
yield of sugar was credited to fertilizer use. 

Cocoa 

This major cash crop of the small farmer is not usually fertilized. 
Correct management alone can improve yields considerably. 

Coffee 

The following are the recommended fertilizer treatments.
 
Arabica (average yield, 165 kg/ha; 700 kg/ha 
 good) 

I. Volcanic. soils 200 kg AS/ha 
2. erallitic soils 200 kg 20-10-10/ha 
3. Leached ferrugilous soils 200 AS or 20-10-10 - 200 kg KCI/ha 
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Robusta (average yield, 400 kg/ha; 1,200 kg/ha good)
 

1. Volcanic soils 400-800 kg AS/ha
 

2. Feral liLic soils 
 400-800 kg 20-10-10/ha
 

3. Leached ferruginous 400-800 kg 20-10-10 + 200 kg KCl/ha
 

The material is sprinkled in a circle around the edge of the bush in
 
Narch and in September. It may be lightly worked into the soil.
 

Because of the acidifying effect of AS and the availability of cheap
 

urea, AS will be replaced by urea.
 

Fertilizer pays on well-maintained coffee; however, because currently
 
all coffee fertilizers are heavily subsidized, little interest in 
the true
 
economics of fertilizer use has been evinced. 
 Coffee growers account for almost
 
50% of the fertilizer used in Cameroon; however, 
some of this fertilizer is used
 

on food crops.
 

Rice
 

Rice is a traditional crop in Cameroon. 
Additionally, government
 
programs using modern technology have been developed over 
the years.
 

The two major rice-growing areas are 
in the west and in the north--the
 
latter being the major paddy production area. 
 Yields in the traditional sector
 
are about 1.5 mt/ha, whereas the modern irrigated sector averages around 5 mt/ha;
 

19,000 ha of rice was planted in 1984.
 

As with many government-sponsored schemes, mere 
physical production of
 
a crop is Found to 
be only a part of the total picture. World Bank comments on
 
these government-sponsored rice projects are essentially negative because the
 
rice 
that has been produced, in contrast with traditional cereals, has not
 

proven to be economically competitive with imports. Because of the large 
finan
cial 
investment made by government to date in land preparation and infrastructure,
 
little or no 
further expansi-n of domestic rice production other than by increas
ing the productivity of the existing areas will 
be contempla ted.
 

Experience in Asia shows 
clearly that modern rice. varieties respond to 
fertilizer use, particularly when grown with good water control and under high
 
incident solar radiation. Double cropping can increase ann,"lI 
yields per hectare
 

and thereby maximize returns on investments 
in irrigation Iacilities. These
 
conditions can probably be met 
in the North and Extreme North Provinces, but low 
incident radiation and low temperatures are constraints in the West and North 
West Provinces. Low temperatures are possibly also a constraint in the north it) 

the dry season. 
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Standard rice fertilizers are AS, 20-10-10, urea, DAP, triple super
phosphate (TSP), and KCI. 
 With the heavy transport costs, urea (46% N), DAP
 
(18% N, 46% P205 ), and KCI (60% K20) are 
the fertilizers of choice.
 

The current fertilizer recommendations for rice are as 
follows:
 

Province Organization
 

North and SEMRY--irrigated 90 kg N as 
urea split into three applications.

Extreme North 
 Where S deficiency occurs, 
the first applica

tion should be AS.
 

SODECOTON area-- +23 
kg N as urea 30 days after germination.
 
rainfed 
 For higher yielding fields 
(up to 3 mt/ha)
 

100 kg 20-10-15 + 23 kg N as urea before
 
planting + 23 kg N as 
urea 30 days after
 
germination.
 

North West Irrigated 80 kg N plus 60 kg P2O5 .
 In practice various

and West 
 rates of 
urea, AS, and 20-10-10 are used.
 

All irrigated rice is fertilized. 
 Most rainfed rice is not fertilized.
 
A major technical 
failing of flooded rice fertilization is the large loss of
 
nitrogen caused by decomposition of fertilizer urea 
in the floodwater and conse
quent losses. Application of the urea to 
newly drained paddies followed by
 
reflooding can 
reduce these losses. Fertilizers for rice are 
subsidized.
 

FoodCrops
 

In those ecological zones where research work on food crops has been
 
continuing effectively for 
sume time, fertilizer treatments, which are just now
 
being taken up by the extension service, have been recommended.
 

For the West and North West Provinces for mixed crop areas 
these
 

recommendations are as 
follows:
 

1. On ferrallitic soils not covered by ash--60-50-0 (60 kg N, 50 kg P205
 

0 kg K2O/ha).
 

2. 
On ferrallitic soils covered with ash--60-100-0 (60 kg N, 100 kg P205
 

0 kg K2 0/ha).
 

3. On the brown and black soils--60-0-0 (60 kg N, 0 kg P205, 0 kg K20/ha). 

These recommendations apparently give a yield increase worth 23,000

35,000 FCFA/ha.
 

In 
the North and Extreme North Provinces, where maize or sorghum is
 
grown in rotation with cotton, 
it is recommended that 
these cereal crops receive
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50 kg/ha of urea 
30 days after planting. This treatment, which gives 300
1,000 kg/ha of additional grain, is possible because the cereal crop benefits 
from the residual effects of the cotton fertilizer--mainly the phosphate
 
component--and therefore can 
 respond well to just a supplementary nitrogen 
fertilizer application.
 

For groundnut in the northern provinces, 100 kg of TSP/ha is recom
mended. 
 Of the fertilizer used in Cameroon, 15% goes on food crops (Table 1-66),
particularly on maize in the North West and West Provinces and on irrigated rice. 

Cotton
 

Cotton is grown in twothe northern provinces under the aegis of
 
SODECOTON. 
 This cotton monopoly controls the cotton girls and has therefore
 
established a well-functioning crop lien system with the 
 small farmers of the 
cotton area.
 

Fertilizer recommendations are 
based on the experience anid the support

of researchers responsible for cotton growing across the whole zone from Senegal
through the Ivory Coast, Burkina Faso, Mali, Chad ofarid, course, Cameroon. The 
national cotton research center of IRA at Maroua refines these recommendations 
to the local conditions. 

The basic fertilizer treatln-ents recommended are 200 kg/ha 15-15-15-6S-IB 
at planting plus 50 kg/ha urea 30 days after planting. The basic formula is 
varied according to various 
climatic zones 
and soil conditions. North of the

7 00-mm isohyet no supplementary urea is used. In the south, where rainfall is
 
good and the production standards 
 of the farmer are good (yields ot more than
 
2 mt of seed cotton are common), the recommendation of
is for up to 300 kg/ha 

l5-15-15-6S-1B 
 as a basal. dressing arid 50 kg urea as a topdressing at 30 days
 
after planting.
 

Recently, SODECOTON has imported 
 2 2 -10-15-5S-1B which is recommended
 
at 
 200 kg/ha in the Extreme North Province. This change was made to ensure
 
early application of a higher 
 level of nitrogen. Tire need for sulfur and boron 
has been adequately demonst.rated. 

SODECOTON ensures that fertilizer recommendations are carefully followed 
by all cotton growers. Fifty percent of the yield of seel cotton is credited to 
fertilizer use. 

The foregoing description is base(] on general iitiormation only. Actua I 
field practices vary from the use of no fertilizer at all upj to state-of-the-art 
fertilizer treaLments. Section 1, Part I1 illustrates with actual field data 
the farm-level fertilizer practices. 
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Selection of Fertilizers--Agronomic and Economic Factors
 

Fertilizer should be purchased only on 
the basis of cost effectiveness.
 
However, product quality, i.e., 
granules instead of powder, and convenience,
 
i.e., mu]tinuLrient versus 
straight fertilizers, play a role in 
tile choice. Of
 
course, convenience carries with 
 it a price premium which may or may not be
 
compensated for in terms 
of crop production economics.
 

Low-analysis fertilizers 
are more 
expensive to bag, distribute, and
 
store than are the equivalent nutrients in 
concentrated fertilizers, and there
fore, the international 
trend has been toward the use of high-analysis fertilizers.
 

Three factors which affect the 
final cost of fertilizer applied in the
 
field must be examined:
 

1. The technology of production.
 

2. Handling, distribution, and storage.
 

3. Choice of nutrient carrier.
 

Technoloy of Production 

Until large fertilizer markets have been built up, production units
 
with a low level of capital investment and a flexible operation should be 
the
 
prime objective. 
 This point is fully discussed in Section III. 

Handling, Distribution, and Storage 

Efficient handling, distribution, and storage of fertilizers 
are
 
essential if costs are 
to be kept as low as possible. With the tremendous
 
distances and generally poor hinterland infrastructure, Cameroon faces enormous 
problems. Inefficient logistics not only increase fertilizer costs but 
can also
 
reduce the efficiency of 
its use; fertilizer which arrives 
late or not at all,
 
or which is of the wrong kind, can reduce anticipated crop yields and destroy 
the carefully nurtured confidence of the farmer in relying on input supplies. 

Costs associated with fertilizer handling, distribution, and storage 
are very high. For example, the f.o.b. cost of ammonium sulfate is doubled by
 
the time the fertilizer reaches 
the fanrmer.
 

The dioubling of the f.o.b. cost per sack of 
fertilizer delivered 
to
 
the Cameroon farmer means 
that only products with a high content of nutrients
 
cain ie considered. 
 The fol lowing questions must be answerud:
 

1. What nutrients are needed?
 

2. What is the least cost 
delivered form of these nutrients?
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The major 	plant nutrients used in Cameroon are in order of 	 tonnages: 
1. Nitrogen. 

2. Potash. 

3. Phosphate. 

4. Sulfur.
 

5. Nagnesium.
 

6. 	The trace elements boron, zinc, etc.
 

Table 1-5 
gives the 	composition of the major internationally traded
 

fertilizers. 

The first 	point to 
be made from the table is that if sulfur is a
 
required nutrient item, ammonium sulfate 
can be considered as a high-analysis
 
fertilizer. If, however, sulfur is 
not a needed item, it 
is a low-analysis
 
fertilizer which cannot 
compete in 
terms of 	delivered cost with 
urea. Full
 
details of f.o.b., 
c.i.f., and delivered fertilizer prices are given in
 
Section Il. 
However, 	the delivered cost of nitrogen in AS is twice that of the
 
cost of N in urea.
 

Phosphate rock, single 
 superphosphate (SSP), and triple superphosphate 
also contain calcium which may be needed as a plant nutrient; 	 however, where 
calcium is low, the 
use of small 	dressings of local limestone would appear to 
he
 
the most logical way to correct this problem.
 

Selection 	of Nutrient 
Carrier--Nitrogen and Urea
 
Although ammonium sulfate and ammonium nitrate (AN) are 
effective
 

fertilizers, they 
are being replaced in world trade by urea 
because of its
 
delivered 	 cost advantage.
 

Diamond (1983) has reviewed the 
agronomic 	 appropriateness of urea as a 
fertilizer 
in West Africa (Nigeria) and the general facts presented apply also
 
to Cameroon. They are 
discussed under the following headings.
 

Toxicity--The toxicity of 
free ammonia, formed by the hydrolysis of
 
urea in soil, is a potential crop hazard following improper use 
of urea. In 
most warm, moist soils urea hydrolysis is rapid. Ayanaba and 1ang (1976) found
 
that urea hydrolyzed within I week 
 in three 	 Nigerian soils. This rapid 
hydrolysis can give rise 	 to high concentrations of free ammnia near the urea 
placement sites. Because of the toxicity of free ammonia to plants, it is 
recommended that urea never be placed in close contact with seeds or in contact 
with the base of young plants. 
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Table I-5. Major Internationally Traded Fertilizers
 

Product N 
% by Weight 

PAS K20 
Total Nutrient Content, % 

N + P205 + K20 S 
A',,monium chloride 26 - - 26 
Ammonium nitrate 34 - - 34 -
Ammonium sulfate 21 - - 21 24 
Urea 46 - - 46 -
Nonoammonium phosphate 11 52 - 63 -
Diammonium phosphate 18 46 - 64 -
Phosphate rock - 30-34 - 30-34 -
Potassium chloride - - 60 60 -
Potassium sulfate - - 50 50 18 
20-10-10 20 10 10 40 -
15-15-15 15 15 15 45 
20-20-0 20 20 - 40 -
SSP - 20 - 20 12 
TSP - 46 - 46 -
16-20-0 16 20 - 36 9-13 

Depending upon 
process 

Source: IFDC. 1985. 
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N Loss--Ammonia volatilization loss is 
another potential limitation on 
the use of urea. When urea is incorporated into soil, the free ammonia formed 
upon hydrolysis ionizes with water and the ammonium ion is 
held by the cation
 
exchange complex of soil. 
 Volk (1966) reported that up 
to 80% of urea on a dry
 
soil surface remained as urea 
for 14 days under high humidity and nightly dews.
 
However, when urea 
is left on a moist soil surface, especially with an upwird
 
flow of water, hydrolysis to ammonia is 
rapid, and a portion of the free ammonia
 
escapes to the atmosphere. 
Rainfall in sufficient quantity to move the urea
 
into the soil would minimize this ammonia volatilization loss, whereas very
 
light rainfall, just sufficient for hydrolysis of urea, followed by drying
 
conditions would 
cause 
large ammonia volatilization losses. 
 The varying rainfall
 
patterns following urea application are some of the 
reasons for erratic results
 
reported for the relative efficiency of urea, especially when surface applica

tions have been used.
 

A brief summary of findings of many trials indicated that when urea
 
was incorporated into 
the soil within I day following application, either through 
water additions or tillage, it was as effective as AS 
or AN as a source of
 
nitrogen. When broadcast and left on 
the soil surface, the average of many
 
trials for upland crops and paddy rice showed that urea was 
slightly inferior to
 
AS or AN; however, urea was significantly inferior in 
some trials. In the
 
latter cases 
the poor performance was 
generally attributed to ammonia losses.
 
Empirical 
research data confirm the high potential losses of ammonia from surface
 
applications of urea 
from both upland soils and water surfaces of paddies.
 
Where pH is greater than 7.5, ammonia losses may also occur 
from surface-applied
 

ammonium sulfate. 

Effects of Nitrogen Fertilization on Soil Properties--A major concern
 
of many agriculturists is the acidification of trcpical 
soils where crop inten
sification and increasing 
use of nitrogen are occurring. The acidifying effect
 
of nitrogen fertilizers 
is of greater consequence 
in sandy soils of low cation
 
exchange capacity (CEC) than in soils of higher CEC, and 
tlterefofe soil acidifi
cation is potentially a serious problem on many soils 
in Cameroon. 

Nitrification of ammonium forms of fertilizer (change from ammonium to 
nitrate) produces hydrogen ions which can contribute to soil 
acidity. Each
 
kilogram of nitrogen potentially requires 
1.8 kg of calcium carbonate to neu
tralize the acidity. Furthermore, the associated anions of ammonium fertilizcrs
 
give rise to additional acidity due to residual anions. Potential acidity from 
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several nitrogen fertilizers is shown in Table 1-6. 
 Ammonium chloride and AS
 
are 
the most acidic because of the contribution of sulfate and chloride 
to
 
potential acidity. Products such as 
calcium, potassium, and sodium nitrate have
 
positive liming values because of their basic cations.
 

In actual practice these potential values are not observed in soils. 
Volatilization losses either by denitrification or as ammonia result in 
a decrease 
in potential acidity. Adsorption by plants modifies acidity to the extent that
 
cations or anions are preferentially taken up by plants. 
 The final acidity from
 
a fertilizer in a particular zone of soil develops only after residual salts are
 
removed from that zone 
by leaching.
 

Research has confirmed that:
 
1. Continuous 
use of N fertilizers (particularly at high rates) decreases soil
 

p1H of sandy soils which have 
low buffering capacities.
 

2. The lower pHt 
 is caused by lowering of calcium and magnesium status of soils
 
and is accompanied by 
an increase in extractable aluminum and sometimes
 

manganese.
 

3. 
AS has a greater depressant effect upon soil pH1 
 than does urea or calcium
 
ammonium nitrate (CAN). 
 The latter two sources 
of N result in similar
 
effects on soil pH1, even 
though theoretically urea 
has the greater poten

tial acidity.
 

Limited research indicates that on the sandy soils:
 
1. Calcium status may be so critical that even low amounts of added calcium
 

may be important in maintaining suitable calcium levels in 
soils.
 
2. 
Excessive potassium applications may critically alter the potassium:
 

magnesium ratio causing magnesium deficiency.
 

Agronomic Issues Relevant 
to Urea Use in Cameroon--Urea rapidly
 
hydrolyzes in most soils and, depending on the p1H, free ammonia may be lost to
 
the atmosphere. Sandy soils of 
low buffering capacity and dryinrg atmospheric
 

conditLios will aIccentuate 
any losses of ammonia.
 

Free ammonia is toxic 
to growing plants, especially young seedlings.
 
Placement of ammonia-forming fertilizers near plant roots can kill or severely 
stutn t plant growth. Limited soil moisture and low buffering capacity increase 
the likelihood of crop damagp'. intil research indicates ottherwise, murea should 
he incorporated into the soil time same day of alpplication. For most crops 
one-third to one-haif of tihe nitrogen should he broadcast prior to planLting anmd
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Table 1-6. 
 Potential Acidity of Nitrogen Fertilizers
 

a
 
Potential Acidity


kg CaCO3/
Fertilizer 
 N kg Fertilizer kg CaCOa/kg N
 

Anhydrous ammonia 
 82 1.48 1.8

Urea 
 46 0.84 1.8
 
Ammonium nitrate 
 33.5 0.59 
 1.8

Ammonium sulfate 
 21 1.10 5.2

Ammonium chloride b 25 1.28 5.1
 
Ammonium nitrate limestone 20.5 0 
 0

Calcium nitrate 
 15 -0.20 -1.3

Sodium nitrate 
 16 -0.29 -1.8
 
a. Amount of pure CaCO 3 required to neutralize acidity produced by fertilizer
 
in soil.
 
b. Other similar products are 
calcium ammonium nitrate, nitro-lime, and
 
nitro-chalk. 
Various means of production result in variations in grade and
 
potential acidity.
 

Source: IFDC.
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incorporated. The remaining urea 
should either be sidedressed or placed about
 
10 cm from plants. In any case, 
it must be incorporated into or covered with
 
soil. Widespread extension activities will he needed to guide farmers in the 
proper use urea.of Where urea cannot be incorporated into the soil, split
 
applications will reduce 
 the risk of heavy losses of ammonia; alternatively,
 

urea solutions could be used.
 

Combining urea with compounds 
 that give an immediate acid reaction in 
soils (monoammonium phosphate) may have a slight effect by reducing ammonia
 
volatilization losses; in 
 general, however, compound fertilizers containing urea
 
should be applied in 
a manner similar to that for straight urea.
 

With the ever-increasing soil acidity problem, some means of applying
 
calcium carbonate to soils must be developed. Ground limestone possibly could 
be cogranulated with urea, but it would likely be lesa expensive to develop an
 
agricultural limestone industry to supply 	 liming materials. Cameroon has sach a 
potential industry because it has deposits of limestone that are of industrial
 
size; these deposits are currently being either exploited (Figuil) or studied
 

(north of 	Douala).
 

Selection 	of Nutrient Carrier--Phosphate
 

Internationally traded phosphate fertilizers 
are ground phosphate
 
rock, monoammonium phosphate (MAP), DAP, the whole range of NPK materials, TSP,
 
SSP, and ammonium phosphate sulfate. These materials are described in
 

Table 1-5. 

Results of research or soil and fertilizer phosphate are legion, and 
if Cameroon had been fortunate enough to have exploitable deposits of phosphate 
rock, as do Niger, Mali, Burkina Faso, and, particularly, Togo and Senegal, then 
an in-depth discussion of the most effective form of phosphate would have been 
needed. As it is, Cameroon must import all of its phosphate needs; under these 
conditions the economic argument for high-analysis material, as was the case 
with nitrogen, outweighs the opportunity for some flexibility in the selection
 

of imported phosphate products. 

Ground phosphate rock has been widely used on commerui;a 1 lantations
 
in tile past, but 
its high costs have led to its replacement by i)AiP. The loss of 
the calcium component of phosphate rock when the change to DAP is made, is be ing 
compensated for by the ise of imported dolomitic limestone. Liimestone from the 
northern deposit at Figuil is being used by the sugar plantations.
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The following generalizations on phosphate selection illustrate the
 

results of recent research.
 

1. 	Both water-soluble fertilizers arid citrate-soluble P fertilizers may be
 

said to be available to plants, but there can be considerable differences
 

in crop response under different circumstances. 

2. 	 For absolute maximum yields, regardless of soil or annual food crop to be 

grown, highly soluble P sources are the fertilizers of first choice. For 

crops grown under the typical constraints of develo.ning countries, water 

solubility is less important. 

3. 	 Citrate-soluble phosphates low in water-soluble P and unacidulated phosphate 

rock 	with a high chemical reactivity may be as effective as water-soluble
 

sources on long-season crops.
 

4. 	Phosphate rock is generally most 
effective on soils with low P-retention
 

capacity.
 

5. 	 In cases where P demand of the crop exceeds the capability of an unacidula

ted source to supply P or where the P-retention (fixation) capacity is so
 

great that the rock is 
incapable of raising the concentration of P in soil
 

solution to an adequate level, sources with 50% or less of the total P in
 

water-soluble form have generally been found 
to be essentially equal in 

effectiveness to the completely soluble forms. 

6. 	Short-season, fast-growing crops and those with restricted root systems
 

generally require a fertilizer containing a high proportion (50%-60%) of
 

water-soluble phosphate for maximum yields. 
 Such crops frequently give 

only limited response to applications of citrate-soluble materials. This 

is primarily true for soils that are low to medium in available P. 

7. When little phosphate is to be applied, the greatest crop response and most 

efficient use of P will be achieved by band application adjacent to the 

seed or transplant. In such cases 50%-60% of the P should he in the water

soluble form. 

8. 	 Water solubility increases in importance where soil moisture is limiting. 

9. 	With phosphates of high water solubility, effectiveness increases with an
 

increase in particle size.
 

10. 	 For row or band application highly water-soluble sources of P combined with 

amionitim-N are most useful. 

In general, when the degree of water solubility "t the P and the 

granule size of fertilizers are comparable, there will be little difference inl 

the availability of the fertilizers, regardless of the method of manufacture. 
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Value of Residual Phosphate--One of the economic factors influencing
 
phosphate use deals wilh residual phosphate. Nost economic analyses as well as
 
government policies fail to put a value on residual phosphate. As a result, much 
confusion prevails on this subject, which in turn affects phosphate use. Farmers 
treat phosphate as an annual cost and apply it accordingly. However, only
 
5-15% of the fertilizer P applied to the soil 
 is recovered by the first crop.
 
Unlike nitrogen or sulfur, the remaining phosphate is held in 
 the soil and is
 
added to a phosphate pool which is gradually available to 
subsequent crops. As 
a result, annual additions in excess of crop removal will gradually build phos
phaLte fertility in the soil. The speed with which this fertility is built will
 
depend on a host 
 of fac trs including the rate of P205 application in relation
 
to 
 removal and the P-retention characteristics of the soil. 

Select ion of_Nutrient Carrier--Potash 

sni ,, r , 1a iies i urn-' 'race EImen t ts
 
Potash--Potassiurn chloride is the 
standard potash fertilizer. It is
 

(0%K.0 and is thus considered a concentrated 
 source of potash. Because of the
 
low cost of production, potassium is the 
 cheapest nutrient, and it is simple to 
Use. 

StIlfur--Recent experience in West Africa and in Cameroon has shown
 
sulfur deficiency to be more widespread than was 
 thought. Poor crop residue 
management and the use of sulfur-free fertilizers will aggravate the situation. 

Accurate diagnosis is the key to the removal of yield limitations due 
to sulfur deficiency. For many of the crops of importance to Cmeroon, diag
nostic criteria are nonexistent or 
 lacking in precision. 

Sulfur is recommended for cotton in Cameroon, but for other areas arid 
crops potent ial sullfui" deficiency has probably been nasked by the use of anmirOriium 

sin" fate. 

The change to more concentrated fertilizer, and par ticularly from 
ammoniun sulfate to urea, is a cause of concern. Researchers should carefully 
exari ne the poss i b i I i ty tha t at LI ast a modi cum ( f su I fur i s needed i n a I I com
pound fertilizer formulations in order to prevent loss of yield should sulfur in 
fact be limiting. Ammonium sulfate and 16-20-0 are good sourues of sulfur. 

;agesiu i--This element is general ly low in Cameroon so i Is, but tlhis 
is iiot a cause for concern unless high levels of potash are used, which can 
induce deficievincy of Inagnesium. 
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The ideal source of magnesium for Cameroon is dolomite, which is
 
imported by some plantations; some kieserite, a more expensive source of mag
nesium, is also imported.
 

Trace Elements--There is a wide range of products available as salts, 
oxides, or chelates. Trace elements are required in such small quantities that 
they may present a problem to the bulk-blend fertilizer formulator. The major
 
word of caution is that 
at high levels some can be toxic to plants. Boron, 
particularly, can accumulaLe quite quickly 
to toxic levels.
 

Mixed Fertilizer'
 

Crops need many nutrient elements for optimum growth, but. fertilizers
 
containing nitrogen, phosphorus, and potassium account for almost all the world's
 
supply. However, sulfur is becoming increasingly important in Cameroon and
 
supplementary magnesium is used on many plantation crops so 
that significant
 
tonnage of fertilizers containing these two nutrients is used. 
 Local deficien
cies of trace elements also occur. 
Total tonnages of trace elements used are,
 
however, relatively small.
 

Persuading the farmer to 
use the 
correct rate and type of fertilizer
 
nutrients on his crops is a problem that exercises the minds and resources of the 
governments of many developing countries. 

The problem of balanced fertilization is two-sided: many fertilizer
 
recommendations made in developing 
 countries are not site specific and are based 
on experiment station trials, which often give much higher yields than the
 
average farmer can achieve; conversely, many farmers do not fertilize in an
 
optimum way even 
for their lower yields.
 

When fertilizer recommendations and actual farmer use practices do not
 
match, it is essential that the research agronomists, the fertilizer marketer, 
the extension staff, and the farmers be involved in identifying the reasons for 
the disparity and in developing corrective measures. 

Cash and inputs credit programs that give the farter a package of 
desirable practices, including specified quantities and types of fertilizer, 
ensure that the farme r at least acquires the officially ruommended fertilizer. 
Such package credit programs have been widely used with success in Africa by 

the crop monopoly organizatins. 

In 111( I '0dontrIl orders require fertilizer reLai hers to stock both 
phosphate and potash at a specified level 
in relation to the ir sales of nitrogen. 
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With a free market situation, it is necessary to educate the farmer to 
maximize
 
his returns by using the correct 
rates and 	ratios of fertilizer nutrient.
 

When all the nutrients to be used in an agricultural area come together
 
at one point, whether it is port, railhead, or road, then the need for and
 
desirability of producing NPK fertilizers at 
that point must be examined. A case 
can be made for any one of the following three alternatives for the Cameroon
 

si tuation:
 

1. Continuing to move products 
as separate and distinct materials.
 
2. Mixing the 
incoming nutrients using current bulk-blending technology.
 
3. Processing the 
incoming nutrients 
to make granular complex fertilizers.
 

The final choice of technology will depend on 
the local situation.
 
Cameroon has had the misfortune to have invested in 
a granulation plant at the
 
wrong time in its fertilizer use development. 
 Low sales and high production
 

costs led to early closing of the plant.
 

With a typical small 
farm of 1-2 ha and individual plots of about
 
. ha, the 
farmer using hand spreading will have all 
the flexibility he needs for
 
varying fertilizer dressing by field, by crop, and by season, even 
though he
 

I'''chases 	straight fertilizers.
 

Bulk blending is attractive as an alternative to handling straight N,
 

P205' and 	K20 through the distribution system, but the 
risk exists that the
 
nutrient ratios delivered to the system will be overtailored. Only a few major
 
gradies should he made, and even 
then, in practice farmers will probably find
 
themselves being forced to 
Lake grades not totally adequate for their need
 

because of deficiencies in the marketing system.
 

Granular 	fertilizers have achieved great popularity among the small
 
farmers of Africa because of the re iabiIity of the products. Blue, green, or
 
red high-quality fertilizer granules cannot 
be counterfeited by backyard
 
operators; this fact, together with the strong sales pitch 
that "every granule
 
contains the 
same nutrients as every other granule," has certainly attracted a
 
loyal clientele for 
the producers of granular fertilizers. Complex 
fertilizers
 
continue to 
be of great interest for upland crop production to the high-valn 
cash crop grower, and they are favored by cottoi development sch'mes in Africa 

part icularly. 

In the final analysis, hand application of the cheapest sol id materials 
such as ii rea, DAP, and KCI is probabliy the most economic route, biu it is also 
the one which r,lies most heavily on the farlmer's knowlelge of the nutrients 
needed. Therefore, the relevance or the next lowest cost solut-ion, that of bIulk 
blending, must he evaluated. 
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There is 
a general trend toward manufacturing concentrated fertilizers
 
in large plants at 
or near the source of the raw materials and shipping the
 
products in bulk to consuming areas. 
 This trend is likely to continue. Bulk
 
shipment of finished products requires reasonably free-flowing materials 
so that
 
products such as urea, diammonium phosphate, and potash (KCI) 
can be loaded and
 
unloaded from ships, barges, arid 
railcars rapidly. Therefore, these materials
 
will likely be produced in granular form to 
avoid serious caking. The avail
ability on 
the world market of an abundance of these high-analysis, reasonably
 
priced materials will encourage bulk blending because blending adds very little
 
to the 
cost of bulk shipment, storage, handling, bagging, and distribution.
 

Although blending has long been popular in 
the United States and Canada, there
 
appears to be 
a growing trend for the practice to spread to other countries.
 

There is much interest in this approach in West Africa.
 

Although bulk blending is a simple process, there are elements of
 
technology that should 
not be ignored. Production of satisfactory blends in
 
developing countries requires more 
care than in cooler, less humid climates.
 
Unlike the common 
practice in the United States of mixing and applying blends 
on
 
the same day, in most countries the blends must be bagged, stored, and 
trans
ported through the distribution system to the farmer. 
Thus, the blends must
 

have good physical properties, and the bags must have adequate strength and
 
resistance to moisture penetration if they are 
to reach the farmer in usable
 

condition.
 

Some developing countries have a tendency to neglect the quality of
 
both straight and mixed fertilizers and 
their packaging when better technology
 

would he appropriate to 
the climatic conditions 
and the available distribution
 
facilities. It is unfortunate that many countries appear willing to spend huge
 
sums of money on minufacturing facilities but fail 
to provide adequate facilities
 

to ensure that products 
are of good quality and can be delivered to farmers in
 

usable condition.
 

The technical 
aspects of bulk blending are discussed in detail in 

Section III. 

Selection of Most Appropriate Fertilizers=-Conclusion 

The choice of fertilizer for sale to farmers should be made on the
 
basis of cost per unit of agronomically effective nutrient applied in 
the field.
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Urea 
is extremely competitive with other forms of nitrogen. 
 In
 
Cameroon, where 
transport and distribution costs are high, the high analysis of
 
urea 
(46% 	N) makes it the rational choice.
 

For phosphates the materials DAP and MAP are 
currently extremely 
competitive in Cameroon, again particularly because their high analysis reduces 
transport and (istribution cost. Rock phosphate, which is the cheapest phos
phate 
 source f.o.b. West Africa, is not competitive with 	DAP when evaluated at 
delivered price at the farm. Large-scale soil rehabilitation projects in
 
southern Cameroon should consider bulk rock phosphate as a P source; under these 
conditions it would then be competitive because it would be much cheaper deliv
ered in the field than would bagged phosphate rock.
 

Potassium chtoride as the 
 material of choice is the cheapest, most
 
effective potash fertilizer.
 

The following fertilizers are the principal 
 fertilizers used in
 
Came roon:
 

Subsidized 20-10-10 (Coffee and food crops)Subsidized Ammonium sulfate (21-0-0) (Coffee and food crops)Subsidized Urea 	 (46-0-0) (Coffee, food crops, and 	 rice) 
Nonsubsidized 22-10- 15-6S-IB (Cotton)
Nonsubsidized 15-15-15-6S-1B (Cotton)
Nonsubs idized 15-20-15-6S- IB (Cotton)
Nonsihs idized 12-6-20 a 

(Banana)
 
Nonsibsidized 
 Urea 	 (46-0-0) Industrial sector
Nonsibsidized DAP 	 (18-46-0) Industrial sectorNonsubsidized KCI 	 (0-0-60) Industrial sector
 
Nonsubs idized 
 Kieseri te (Mg) Industrial sector 
Nonsubsidized Limestone (Ca) and
 

dolomitic limestone 
 Industrial sector 
(Ca and ig) 

a. 	 Some subsi dized 12-6-20 is sold around Douala and Yaounde for use on plantains and local bananas. From 1984/85 West 	 Province has ordered major tonnagesof subsidized 12-6-20 for use on coffee and food crops. 

Source: I FDC Survey, 1985. 

The major type of fertilizer missing from this list is that of a 
high-phoslpaLte starter fertilizer for maize and the other food crops, mrainly the 
leguminous types. DAP could be the fertilizer of choice, but silfur deficiency 
is being increasingly recognized as a constraint to crop production in Cameroon; 
traditionally, also, small amounts of potash have been included in all multi

nutrient fertili zers. 
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It is proposed that, taking into account the varied soils and crop
 

growth conditions in Cameroon, an acceptab].e and marketable fertilizer would
 

have a composition of approximately 10-30-10-5S. The actual composition should
 

be decided by the national research cadre and would represent a compromise based
 

on the value of the fertilizer over the widest range of conditions. Such a 

fertilizer would provide excellent crop establi-;hment for a wide range of soil
 

and crops and would be a good total 
fertilizer for soybeans, groundnuts, etc.
 

For maize and other cereals, urea would then be used as 
a nitrogen supplement.
 

Where severe deficiencies of potash or sulfur are identified, additional
 

treatments of straight muriate of potash and ammonium sulfate 
can be used. If
 

the area so treated became large enough, grades could be changed quite simply.
 

However, once again the warning must be given that an excess of grades for use
 

by small faLrmers will he self-defeating in the long run.
 

Fertilizers used in Cameroon should be selected only tollowing in-depth
 

discussions tbetween research and extension. Intensive farmer education programs 

should follow any change of fertilizer made available to farmers because it is
 

essential that farmers ful ly understaid the most effective means of using the 

fertilizers available. The use of agricultural liming materials must be encour

aged in areas with extremely acid soils and aluminum toxicity.
 

Crop__esponses to Fertilizers in Cameroon--

Physical Cro espo s_ Data
 

The two major cropping systems in which fertilizer is used by the 

small farmer in Camerooin are the coffee-food crops systems in the densely 

populated parts of the North West and West Provinces and the cotton-cereal system
 

in the North and Extreme North Provinces. These two systems are extremes in many
 

ways, not only from th point of view of agroecological zones but also from the
 

point of view of marketing infrastructure.
 

The cof fee f:irmer has available the services of cuoperatives, and al I 
fertilizer, which is subsidized, is handled by these agencies. Farmers may or
 

may not sell their coffee through the cooperative and can purchase the fertilizer
 

from the cooperative for cash at the subsidized price withoit being members.
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The cotton farmer is 
under the tutelage of SODECOTON, which provides
 
all inputs on a cotton crop lien basis. 
 Cotton fertilizers are unsubsidized but
 
are sold by SODECOTON at less 
than actual costs. For cotton growers food crops
 
are included in tile package of recommended practices delivered by the extension 
service. Both groups of farmers, the coffee growers and the cotton growers, are 
similar in that the food crops they grow benefit from the fertilizer used on
 
their respective cash crop, 
 and moreover, botn increasingly use fertilizer
 
specifically 
 for food-crop production particularly for maize and to some extent 

in the north for sorghum also. 

The fertilizer recommendations for coffee were based on coffee as a
 
sole crop, and the fertilizers 
used were never intended to become major food-crop 
fertilizers. The soils in Cameroon are acid and generally deficient in phosphate. 
Although ammonium sulfate arid 20-10-10 are suitable fertilizers for coffee, which 
is a perennial crop, they are not suitable for food crops. As discussed earlier, 
ammonium sulfate tends to acidify the soil and 20-10-10 lacks the concentration
 
of )hosphate needed 
 for annual food crops, especially for legumes grown in asso

ciation with maize. 

The cotton farmer is more scientifically guided; he uses the residual
 
effects of his 
cotton fertilizer and dressings of supplementary nitrogen as 
urea,
 
for good and profitable yield increases of the cereal in rotation with cotton.
 
Particularly the phosphate component 
 of cotton fertilizer was recognized early
 
as giving good response in tile cereal 
 crop following tile cotton. 

Work on the role and value of fertilizers in some of tie complex
 
cropping systems that exist 
has only recently become a major activity. The 
work of the FAO Fertilizer Programme during the period 1968-73 cncentrated on
 
the value of fertilizer 
 to the small farmer but worked essentially on pure 
stands of individual crops. 

The FAn 7ertilizer Programme included both factorial trials and non
replicated dispersed demonstration trials in farmers' fields. Since only a 
limited number of fertilizer treatments was tested, no nutrient response curves 
could be developed and optimum rates of application could not b, calculated.
 
lowever, the v lie/cost 
 (V/C) ratios and net benefits which were established for 
all tile treatments that were used showe(d that over a wide range n1 crops and 
soils, low rates of fertilizer use under small farmer conditions were general ly 

profi table. 

- FiTre Kotihe increase in crop yield attributable to ferti I izer divided
by tire cost of that fertilizer. 
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Research results on the effects of fertilizers on the yields of the
 

grain crops maize, sorghum, and rice come also from work in pure stands.
 

Coffee
 

Three major soil types occur in the coffee-growing area: (1) recent
 
volcanic soils, which usually have well-balanced and adequate base saturation
 

and require only nitrogen for maximum yields; (2) ferrallitic soils (French) or
 

Ultisols and Alfisols (United States), which are the most widespread, are char

acterized by leached parent material, low pH, low CEC, and generally low phos

phorus status, and for which 20-10-10 is recommended; and (3) very desaturated
 

ferrallitic soils or Ultisols, which have a high potassium requirement for
 

optimum crop response to N fertilizer, and for which 20-10-10 and supplementary
 

KCl are recommended.
 

Research on coffee has been continual, and fertilizer response informa

tion has been developed for N, P, and K at different locations on the most
 

representative soils under this crop. Because coffee fertilizer was subsidized
 

and AS was sold at the same price as 20-10-10, interest in refining fertilizer
 

recommendations was low in the past. However, because coffee prices have tended
 

to fall and fertilizers have tended to be in short supply, IRA is reexamining
 

fertilizer recommendations for coffee and adjustments in the recommendations are
 

expected in the near future.
 

The summary of results given below of experiments carried out in three
 

locations can be used as a basis for improving these recommendations.
 

Arabica Coffee--Arabica coffee is grown on all three types of soils
 

described above. Response to N has been good (about 5.5 kg coffee/kg N at
 

100 kg N/ha) except in Santa on very desaturated ferrallitic soils when no
 

potash was applied (Tables 1-7 and 1-8). However, in an NPK experiment also in
 

Santa, responses to 
both N and K were observed and this led to recommendations
 

of both N and K application on the very desaturated ferrallitic soils or Ultisols.
 

No response to P was observed from the data collected.
 

Robusta Coffee--Robusta coffee responses to N, P, and K are shown in 

Tables 1-9 and 1-10. Data from Barombi Kang on ferrallitic soils are shown for 

a 4-year average time period and for response to N for the i rst year after 

regeneration cutback. An average of 2.2-2.5 kg of coffee was produced per 

kilogram of N for the first 100 kg N/ha. No response to 1' or K was observed. 

At Abong Mbang on desaturated ferrallitic soil, an average of 1.8 kg of coffee/kg 

of N response is estimated from the first 100 kg N/ha; 100 kg K20/ha would give
 

120 kg/ha of coffee.
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Table 1-7. 
 Arabica Coffee Response to Nitrogen,
 
Phosphorus, and Potassium
 

Yield (Clean Coffee)
a 

Location/Variety 
Nutrient Foumbotb Santa c 

Rate Java Catura Java 
(kg/ha) - ------- (kg/ha)----------

Response to N 

0 205 243 659 
50 524 712 651 
100 999 877 579 
200 1,358 1,455 539 
400 1,299 1,499 533 
600 1,118 1,604 508 

Response to P2 0 

0 1,017 1,385 813 
100 994 1,357 807 
200 963 1,318 807 

Response to K2 0 

0 1,005 1,470 648 
100 1,003 1,204 889 
200 966 1,386 890 

a. Yield for each location is 6-year average.

b. Foumbot: volcanic soil. 
 Example of soil analysis: 
pH = 6.0, exchangeable Al 0.06 me/100 g, CEC 36.31 meq/
100 g, base saturation 62.88%, PBray = 18 ppm. 
c. Santa: ferrallitic soil.
 

Source: IRA, 1984.
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Table 1-8. Estimated Response Functions for Arabica Coffee to Nitrogen,
 
Phosphorus, and Potassium
 

a
 
Regression Coefficient


Location Variety Intercept Linear Quadratic R_2
 

Response to N
 

Foumbot Java 287 
 6.49 -0.0087 0.91
 
(132) (1.31) (0.0021)


Catura 352 
 6.03 -0.0068 0.94
 
(127) (1.27) (0.0021)
 

Santa Java 
 632 -.24 
 NS 0.76
 
(21) (.068) NS
 

Response to P2 0s
 

Foumbot Java 1,018 
 NS NS 
 -
Catura 1,387 NS NS 
 -

Santa Java 812 
 NS NS -

Response to K20
 
Foumbot Java 1,010 NS NS 
 -


Catura 1,395 NS NS 
 -

Santa Java 
 688 1.21 
 NS 0.75
 

(89.4) (0.69) NS
 
a. NS = not significant at P 
= 0.05. Numerals in parentheses are values of
 
standard error.
 
Source: Equations derived by IFDC from yields (clean coffee) in Table 1-7,
 

provided by IRA.
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Table 1-9. 
 Robusta Coffee Response to Nitrogen, Phosphorus, and Potassium
 

Yield (Clean

Coffee) at 


Nutrient Barombi Kang 
Yield (Clean


Nutrient Coffee) atb
Rate 
 A B 
 Rate Abong Mbang
(kg/ha) 
 (kg/ha) 
 (kg/ha) 
 (kg/ha)
 

Response to N
 
0 1,348 819 
 0 1,128
150 1,678 1,054 
 100 
 1,326
300 1,846 1,251 
 200 
 1,426
450 1,764 1,054 
 400 
 1,481
 

Response to P2 05
 
0 1,065 
 0 
 1,241
150 1,138 
 100 
 1,422
300 
 931 
 200 
 1,319
 

400 
 1,379
 

Response to K20
 
0 1,015 
 0 
 1,256
140 1,043 
 100 
 1,427
280 1,075 
 200 
 1,401
 

400 
 1,276
 
a. Barombi Kang: ferrallitic soil. 
 A is for 4-year average. B is for first
 
year after regeneration cutback.
 
b. Abong bang: desaturated ferrallitic soil. 
 Yield is 10-year average.Example of soil analysis pf1 = 4.1, exchangeable Al 2.42 meq/100 g,CEC 6.98 meq/100 g, base saturation 17.77%, PBray = 10 ppm. 
Source: IRA, 1984.
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Table 1-10. 	 Estimated Response Function for Robusta Coffee to Nitrogen,
 
Phosphorus, and Potassium
 

Regression Coefficientb
 
Location Intercept Linear Quadratic R2
 

Response 	to N
 

Barombi Kanga A 1,344 
 3.00 -0.0046 0.99
 
(19) (.20) (-0.0048)


B 801 2.76 -0.0048 0.93
 
(78) (.83) (0.0018)
 

Abong Mbang 	 1,132 2.15 -0.0032 0.99
 
(14) (.17) (0.0004)
 

Response 	to P205
 

Barombi Kang 	 1,112 
 NS
 
Abong Mbang 1,301 NS
 

Response 	to K20
 

Barombi Kang 	 1,014 NS
 

Abong Mbang 	 1,270 1.59 -0.0040 0.89
 
(47) (.60) (0.0014)
 

a. 	A = Average response over first 4 years.
 
B = Response the first year after regeneration cutback.
 

b. NS = not significant at P = 0.05. Numerals in parentheses are values of
 
standard error.
 

Source: 	 Equation derived by IFDC from yields (clean coffee) in Table 1-9
 
provided by IRA.
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Also at Barombi Kang 
no yield responses 
to lime have been found.
 

Cotton
 

Experimental data from Cameroon (Table 1-11) 
(Fritz and Vallerie,

1971) 
show the benefits of using fertilizer on 
the major cotton soils. In a
 
large series of missing-element trials, covering the whole of the West African
 
cotton zone, Braud 
(1974) identified the critical nutrients for the cotton
 
production. 
 Yields decreased significantly when major nutrients were missing,
 
as shown in Table 
1-12 where the absence of nitrogen and phosphorus ard sometimes
 
sulfur and boron showed significant yield decreases.
 

Plant tissue analysis is used as 
the basic guide for cotton fertil
ization recommendations. 
 Specific experiments and on-farm testing of cotton
 
fertilization and the residual effects of this 
fertilizer on 
the following food
 
crops serve as 
the basis 
for the actual farm-level 
recommendations. 
Although

these results are not published, they are 
used by IRA and SODECOTON as a basis
 
for developing national 
cotton 
fertilizer recommendations.
 

Nitrogen management is critical 
for cotton since different physiological

stages, flowering and boll 
formation, occur at 
the same time. As a result, N
 
supply to the crop has to be adequate at all times. The recommendations for N
 
fertilization 
 call for 40-55 kg N/ha depending on rainfall.
 

In the Extreme North 
 Province, the recommendation is to apply all the

nitrogen at planting. The 
 limited rainfall of this zone will not leach the
 
nitrogen beyond the 
 root system, and adequate N nutrition is therefore guaranteed 
with only a single application of N.
 

In the higher rainfall areas nitrogen 
 should be split, with a second 
application of 23 kg N/ha at about 40 (lays after planting.
 

Phosphorus deficiency is 
 a major constraint for cotton production;

only the alluvial 
 soils have adequate available phosphorus. Fritz arid Vallerie
 
(1971) have established 
 the critical limits for available P levels in soil 
(Olson-Dabin method) as 43-55 ppi P and the critical P content in cotton leaves 
as 0.28% to 0.34%. 

Available phosphorus in soil decreases from north to south as soils
change from ferruginous to ferrallitic. Also, in the extreme southern portion 
of the cotton zone, soils fix phosphorus strongly so that carefulI phosphate 
fertilizer management techniques must be used.
 

Fritz and Vallerie (1971) reported 
 medium to high [evels of exchange
able K in Cameroon soils where cotton is grown. They found that none theof 27 
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Table I-11. 
 Average Effect of Recommended Fertilizers on Cotton Yields by Major
 
Soil Type in Cameroon
 

Yields (Seed Cotton)
 
Recommended
 
Fertilizer 
 No
 

Soil Types 
 Treatment 	 Fertilizer 
 Difference
 
--- -------------- (kg/ha)- ------------


Alluvial 1,912 1,410 502
 
Ferr ginous 1,986 1,243 
 743
 
Halonorphic 	 999 
 653 843
 
Vertisols 
 1,387 	 805 
 582
 
Red tropical 2,100 	 915 
 1,180
 

Source: Fritz and Vallerie, 1971.
 

Table 1-12. 	 Average Cotton Yield (Seed Cotton)
 
Decrease in Missing-Element Trials
 
West Africa
 

Missing Element 
 Yield Decrease
 

(kg/ha)
 

-N 
 248 to 925
 
-P 
 131 to 924
 
-K 
 No effect
 
-S 
 65 to 414
 
-B 
 81 to 143
 

Source: Braud, 1974.
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soils examined had less than 0.08 milliequivalent (meq)/100 g exchangeable K
 
(the critical 
level for K deficiency in sandy soils). Even considering the
 
potential K deficiency level ot 0.2 meq/100 g of soil as 
used in the Fertility
 
Capability Classification system (Buol, 1972), 
few soils in the cotton area
 
would he listed as potentially K deficient. 
However, K deficiency may develop
 

on 
some soils under intensive continuous cultivation.
 

Crop production in the cotton zone 
is quite intense and large amounts
 
of plant nutrients are removed from the field. 
 Because of the fragile nutrient
 
balance of the soil, adequate and balanced fertilization combined with good crop
 

residue management is needed.
 

Although potassium has not been identified as a critical factor for
 
cotton production in Cameroon, Braud 
(1974) showed the interrelation between N,
 
P, K, and S nutrient uptake and concluded that there was a need for these four 
nutrients in the cotton formula. SODECOTON recommends additional complex fertil
izer that 
includes potash when intensive cotton 
is followed by a high-yielding
 

crop of maize or sorghum. Unless organic residues are recycled under this
 
system, potash could become deficient. After boron was identified by Fritz 
(1971) as a critical nutrient for 
cotton in Cameroon, it was included in the
 
fertilizer formula. 
 A complete N, P, K, S, and B complex fertilizer was adopted
 

for Cameroon cotton growers.
 

Traditionally, all the nutrients except N are applied 
 on the cotton
 
for the cotton-based rotation, -nd the following food crops benefit 
 from residual 
P and K. Fertilizer recommendations for cotton, therefore, have been thought of
 
in terms of the whole rotation and not of the cotton crop only.
 

Ma ize 

Until recently all fertilizer response work on maize was 
carried out
 
using pure stands of the crop with adequate plant population density. The 
results of this work show the great value of fertilizers in production and have 
led to useful fertilizer recommendations, particularly for the North and Extreme 

North Provinces where sole cropping is standard practice.
 

The relevance of the 
 research to the complex maize-intercropped systems 
of time North West and West has been challenged, and this is the reason for the 
major emphasis now being placed on a cropping systems approach to soil fertility 
management. Results from this much needed work are becoming available, but the 
very nature of the field plot work often leads to coefficients of variation 
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(CV) of 30% 
or more, meaniig that as yet uncontrolled factors influence crop
 
response to 
fertilizers and that sound conclusions cannot be drawn from only a
 
few years' experiments on a limited number of sites.
 

Maize is cropped in association with many other crops in 
the high
rainfall zones 
of the South and West, but in the North it is grown in pure
 
stands, usually following the 
cotton crop or after the groundnuts in the cotton

groundnut-maize rotation.
 

Maize yield responses 
to N, P, and K from experiments in which maize
 
followed cotton or groundnut in the North are shown in 
Table 1-13. The experi
ments were conducted with high-yielding varieties for 2 years. 
 The most obvious
 
results from the trials are the 
more frequent and greater response to P when
 
maize followed groundnut than when it followed cotton (Table 1-14). 
 Another
 
linding is that maize following cotton generally required 
more N to reach maximum
 
yield than maize following groundnut. Both findings are logical since most
 
cotton is 
fertilized at higher levels than most groundnut and groundnut, being a
 
legume, would be expected to leave greater levels of N in soil than would cotton.
 

Maize following either groundnut 
or cotton gave increasing yields
 
beyond the 100 kg N/ha. Yield increases from 100 kg N/ha were more than
 
1.0 mt/ha following groundnut and more than 1.5 mt/ha following cotton.
 
Generally, when following groundnut, maize yield increases 
were greater than
 

1.0 mt/ha from 60 kg P205/ha.
 

There is some indication in the North that K additions may depress
 
yield although Lhis was significant only at Soucoundou when maize followed
 
groundnut. 
 The situation should be monitored, and if it is found that K fertil
ization actually depresses yields, determination of magnesiuim status 
of plants
 
and soils should be included in further investigations. Some investigations 
on
 
possible responses of maize to other nutrients have been made (Table 1-15), 
but
 

results are inconclusivP.
 

Additional experiments at other locations in the 
maize belt of Cameroon
 
show good responses of maize 
to N and P near Ekona, Yaounde, and Ntui but only
 

response to P at Mbam Mboum (Table 1-16). 

Ini the Adamaoua and North West Provinces where acid, high P fixing 
soils are 
found, experiments with lime in association with 1)applications were
 
conducted (Table 1-17). 
 The results show strong responses to P in both cases, 
but response to lime only on Mbo Plain. Interaction betweenI lime and P appli
cations oni maize response was only found 
on Nbo Plain (North West Province),
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Table 1-13. 
 Maize Response to Nutrients After Groundnut or Cotton in North
 
a-Cameroon 

.Nutrient.Rate Maize Yield 

N 
- -

z0 
(kg/ha)-

120 
- --

Soucoundou 
- -------------

Sanguere Touboro Tchollire 
(kg/ha) ..................... 

Fignole 

After Groundnut 

0 
0 
0 
0 

0 
0 

60 
60 

0 
60 
0 

60 

2,314 
2,236 
3,770 
2,652 

3,942 
4,047 
5,222 
5,285 

2,987 
3,256 
3,674 
4,599 

3,204 
3,731 
4,217 
4,744 

2,828 
3,535 
3,205 
3,512 

50 
50 
50 
50 

0 
0 

60 
60 

0 
60 
0 

60 

2,366 
2,080 
3,666 
3,042 

5,180 
4,320 
6,879 
6,753 

5,406 
5,466 
5,615 
5,615 

3,974 
4,258 
5,049 
5,637 

3,795 
3,512 
3,700 
3,983 

100 
100 
100 
100 

0 
0 

60 
60 

0 
60 
0 

60 

2,800 
2,470 
3,770 
2,233 

5,285 
4,299 
6,795 
7,487 

6,571 
6,302 
6,451 
5,854 

4,663 
4,62:3 
4,400 
4,805 

3,913 
4,101 
4,172 
4,030 

150 
150 

150 

150 

0 
0 

60 

60 

0 
60 

0 

60 

2,392 
1,872 

2,964 

2,808 

5,432 
4,615 

6,648 

7,319 

6,063 
5,884 

7,228 

5,914 

4,805 
4,339 

5,454 

4,339 

3,606 
3,535 

3,748 

4,031 

After Cotton 

0 
0 
0 
0 

0 
0 

60 
60 

0 
60 
0 

60 

2,106 
2,210 
2,002 
1,846 

2,810 
2,453 
3,166 
2,432 

2,285 
2,576 
2,778 
2,934 

2,900 
3,772 
4,196 
4,197 

2,946 
3,653 
3,418 
3,276 

50 
50 
50 
50 

0 
0 

60 
60 

0 
60 
0 

60 

1,924 
1,820 
1,950 
2,054 

3,187 
3,271 
3,691 
4,761 

5,018 
4,570 
4,839 
4,861 

5,729 
5,352 
5,281 
5,470 

4,738 
4,596 
4,714 
4,785 

100 
100 
100 
100 

0 
0 

60 
60 

0 
60 
0 

60 

1,482 
1,976 
2,522 
1,872 

3,754 
3,859 
4,614 
5,096 

5,264 
5,354 
5,600 
5,622 

6,649 
6,460 
7,072 
6,601 

4,761 
4,667 
6,105 
5,374 

150 
150 
150 
150 

0 
0 

60 
60 

0 
60 
0 

60 

1,716 
1,794 
1,872 
2,184 

4,173 
4,572 
4,970 
4,425 

5,735 
6,160 
5,488 
6,093 

6,295 
6,389 
6,813 
6,719 

4,879 
4,691 
5,492 
4,596 

a. Source: IRA, 1984. 
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Table 1-14. Estimated Response Functions for Maize
 

Regression Coefficients/Standard Error

Location Intercept N N2 P2
P NP PK R2 

N, P, K After Groundnut
 

Soucoundou 2,316 NS NS 20.44 - NS -0.239 0.75 

Sanguere 
(113) 

3,711 
-
25.47 

-
-0.112 

(3.26) 
31.81 

-
- NS 

(0.063) 
NS 0.89 

Touboro 
(248) 

3,457 
(7.07) 
46.18 

(0.045) 
-0.192 

(3.77) 
6.28 

-
-

-
NS 

-
NS 0.88 

Tchollire 
(251) 

3,463 
(7.16) 
17.34 

(0.046) 
-0.064 

(3.81) 
18.85 

-
-

-

-0.111 NS 0.63 

Fignole 
(276) 

3,247 
(6.99) 
15.40 

(0.043) 
-0.080 

(5.99) 
NS 

-
-

(0.064) 
NS 

-
NS 0.64 

(110) (3.54) (0.023) .... 

N, P, K After Cotton
 

Soucoundou 1,958 NS NS 
 NS - NS NS 
 -

Sanguere 2,398 24.24 -0.081 10.58 - NS NS 
 0.84
 

(217) (6.19) (0.040) (3.29)  - -
Touboro 
 2,709 47.18 -0.177 NS - NS 
 NS 0.96
 

(140) (4.51) (0.029) - -
Tchollire 3,545 46.70 -0.183 5.84 - NS NS 0.94
 

(181) (5.18) (0.033) (2.76) -  -
Fignole 
 3,325 36.04 -0.170 
 - - NS NS 0.80 

(195) (6.28) (0.040) - -

NP Trials
 

Ekona 6,045 32.11 
 -0.144 13.33 -
 NS - 0.83
 
(311) (9.41) (0.067) (3.68) - -

Yaounde 3,504 29.82 -0.066 49.22 -0.463 -0.116 - 0.91
 
(345) (8.72) (0.058) (12.39) (0.124) (0.064)


Ntui 5,637 3.78 NS 7.78 - 0.68
NS 
(162) (1.55) - (2.12) - -

Mbam Mboum 1,898 NS NS 11.70 -0.039 0.068 - 0.83
 
(159) (5.84) (0.040) (0.019)
 

Note: Numerals in parentheses are values of standard error; 
NS = not significant
 
at P = 0.10; and - is not applicable.
 

Source: 
 Equation derived by IFDC from grain yields in Table 1-13 provided by
 
IRA.
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Table 1-15. Maize Yield Changes Due to Sulfur, Magnesium, or Zinc Application
 
in Cameroon 

Yield Change 
Location Preceding Crop S Zn Ag 

(%) 
Sanguere Cotton -6.1 -7.8 -3.3 

Groundnut -5.0 -12.3 -1.4 
Touboro Cotton +8.8 -6.4 -9.6 

Groundnut +2.5 +6.1 +11.2 
Tchollire Cotton +4.3 +3.6 +2.2 

Groundnut +7.6 +0.9 +1.3 
Fignole Cotton -19.7 -6.1 -0.9 

Groundnut +3.5 +4.1 +12.9 
Soucoundou Cotton -5.6 -1.4 0 

Groundnut +80.5 +39.7 +52.5 

Source: IRA, 1984. 
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Table 1-16. Maize Response to N and P Applicationa
 

Nutrient hate Maize Yields 
N P20 Ekona Yaounde Ntui Mbang Mboum 

- - (kg/ha)- - - ----------- (kg/ha)- -----------

0 
0 

0 
45 

5,600 
6,800 

3,600 
4,900 

5,700 
6,200 

1,966 
2,107 

0 90 7,800 4,300 6,200 2,312 
0 135 - - - 2,815 

45 
45 
45 

0 
45 
90 

6,900 
7,600 
8,100 

4,600 
5,300 
4,500 

5,800 
5,700 
6,500 

2,029 
2,532 
3,208 

45 135 - - - 3,617 
90 
90 
90 

0 
45 
90 

8,700 
8,400 
8,800 

5,700 
6,800 
6,000 

5,800 
6,800 
6,900 

1,730 
2,280 
3,051 

90 
135 
135 

135 
0 

45 

-
7,500 
8,500 

-
6,300 
6,900 

-
6,100 
6,600 

3,177 
2,029 
2,800 

135 
135 

90 
135 

8,800 
-

5,300 
-

6,600 
-

4,089 
3,743 

a. Ekona: volcanic soil; Yaounde, Ntui, and Mbang Mboum: ferrallitic soils.
 
Example of soil analysis Ekona: pH = 4.3, exchangeable Al 2.07 meq/100 g,

CEC 6.12 meq/100 g; Ntui: pH = 4.5, exchangeable Al 1.67 meq/100 g,
 
CEC 13.12 meq/100 g, base saturation 19.44%, PBray = 4 ppm.
 

Estimated Response Functions Are: 
Ekona y = 6,045 + 32.11N - 0.144N 2 + 13.33P R2 = 0.83
 

(311) (9.41) (0.067) (3.68) 
Ntui y = 5,637 + 3.79N - 7.78P R2 = 0.68
 

(162) (1.55) (2.12)
 
2
Mbam Mboum y = 1,898 + 11.70P - 0.039P + 0.068NP 	 R2 
= 0.83
 

(159) (5.84) (0.040) (0.019)
 
Yaounde y = 3,504 + 29.82N - 0.066N 2 + 49.22P - 0.463P 2 - 0.116NP R2 = 0.91
 

(345) (8.72) (0.058) (12.39) (0.124) (0.064)
 

Numerals 	in parentheses are values of standard errors.
 

Source: 	 IRA, 1984, for yield response data. Equations derived by IFDC from
 
grain yields in Table 1-16 provided by IRA.
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Table 1-17. Maize Response to Lime and Phosphorus Rates at Two Locations a
 

Maize Yield
 
Lime Rate (L) (kg/ha)


P20 Rate (P) 
(kg/ha) -

0 
------------

500 WO 
(kg/ha) 

21000 4,000 
....--------------

Mean 

Wassande 

0 402 301 307 484 476 394 
75 
150 
225 

2,851 
4,053 
4,60 

2,716 
4,221 
52251 

2,964 
4,312 
4,719 

2,807 
4,451 
5,437 

2,876 
4,360 
4 464 

2,843 
4,279 
4,901 

Mean 2,986 3,122 3,076 3,295 3,044 3,104 

Mbo Plain
 

0 1,137 - 881 1,921 1,949 1,472
50 1,813 - 3,837 3,666 3,728 3,261

100 2,967 - 4,493 4,757 5,391 4,402

150 22804 - 440! 5 588 5,577 4,592 

Mean 2,180 - 3,403 3,983 4,161 3,432 

a. Average yields over three experiments in Wassande; an example of analysis
of these ferrallitic soils is as follows: pH = 4.55, exchangeable Al = 
1.39 meq/100, CEC (NH4AC IN p117) 
= 10.8, P Olsen = 10.5. 

Estimated Response Functions Are: 
Wassande Y = 404 + 38.21 P - 0.081 p 2 

(99) (2.1) (0.009)

2
bho Plain Y = 593 + 40.15 P 0.160 p + 1.135 L - 0.00021 L2 + 0.00276 PL 

(307) (6.76) (0.041) (0.266) (0.00006) (0.00124)
 

Numera[s 	 in parentheses are standard errors. 

Source: 	 IRA, 1984, for yield response data. Equations derived by IFDC from 
grain yields in Table 1-17 provided by IRA. 
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indicating increasing response to P with increasing lime applications up to
 

4 mt/ha.
 

On the high phosphate-fixing soils, P fertilizer placement is 
essential:
 
fertilizer must be near the seed and localized rather than dispersed in soil.
 

Experiments carried out 
in Wassande (Adamaoua Province) on maize have shown that
 

band placement is 
superior to broadcast P applications.
 

Previously it was stated that investigations are underway on crop
 
response to fertilizer in mixed cropping systems. 
 Yield data for maize and
 
legumes grown together with and without fertilizer are shown in Table 1-18. At
 
three of the four locations the response of local maize 
to fertilizer was better
 
than the average response of improved varieties. On the average, the legume
 

yield was unaffected by maize variety or fertilizer.
 

Sorghum
 

Sorghum is 
a staple cereal of the North and Extreme North Provinces.
 

It 
is grown in pure stands under a wide range of conditions--during the rainy
 
season 
in rotation with cotton (dryland sorghum) and as a transplanted crop
 
using residual moisture in the dry season (the Muskwari crop on the Vertisols
 

and the Babouri crop on hydromorphic alluvial soils).
 

Local varieties of sorghum anid millet respond poorly to 
fertilizers,
 
but newly selected varieties of sorghum are highly productive and responsive to
 

N, P, and sometimes even to K.
 

Responses of newly selected improved varieties (S-35 and S-34) of dry
land sorghum to N, P, and K fertilizer are shown in Tables 1-19 and 1-20.
 
Responses were 
obtained to N at the four locations, to P at two locations, and
 
to K at one location. Generally, yield increases of about I mt/ha were 
obtained
 
with up to 70-90 kg N/ha. 
 Where responses to P were obtained, about 10 kg of 

grain was produced per kilogram of P2 0 Among the nutrients, nitrogen provides
 
not only more frequent but also the largest response, but the other nutrients 
may be necessary for maximum yields 
at some locations. These experiments need
 

to be 
continued and the relation of responses to soil properties studied in
 
order to 
formulate balanced fertilization recommendations.
 

Sorghum grown after cotton benefits from the residual effects of the 
cotton fertilizer. Therefore, reasonably high sorghum yields can be obtained 
using only nitrogen fertilizer. New highly productive varieties may, however,
 

have additioual fertilizer requirements.
 



Table 1-18. The Influence of Maize Variety on 
Crop Yield Responses to Fertilizer in Mixed Maize-Legume
 
Cropping Systems 

Maize Variety 

Ndop 
Maize Bean 
+F -F +F -F 

Crop Yield by Location 
Bamenda Haut Plateau 

Maize Groundnuts Maize Groundnuts 
+F -F +F -F - -F -F -F 

Menchum Valley 
Maize Groundnuts 
+F -F +F -F 

-----------------------
COC 1.55 0.99 0.34 0.19 2.28 2.53 0.21 

(tons/ha) 
0.33 -...... 

BAC 

MLC 
KAS 
SAW 

PH 

EKW 

EKY 

1.37 

2.27 
2.11 
-

-

-

-

0.67 

1.13 
1.30 
-

-

-

-

0.24 

0.28 
0.27 
-

-

-

-

0.25 

0.22 
0.19 
-

-

-

-

2.64 

3.75 
2.98 
-

-

-

-

2.00 

2.71 
2.54 
-

-

-

-

0.33 

0.19 
0.46 
-

-

-

-

0.32 
0.35 
0.47 
-

-

-

-

-

3.91 
4.76 
4.27 

4.16 

-

-

-

3.98 
4.32 
4.26 

5.02 

-

-

-

0.10 
0.09 
0.09 

0.11 

-

-

-

0.09 
0.06 
0.13 

0.12 

-

-

-

2.34 
3.94 
-

-

3.62 

2.95 

-

0.93 
3.39 
-

-

4.38 

3.80 

-

0.09 
0.12 
-

-

0.16 

0.07 

-

0.11 
0.16 
-

-

0.17 

0.13 

Mean 
Improved 

.Local 
1.82 
1.53 

1.02 
1.01 

0.28 
0.21 

0.21 
0.15 

2.91 
2.81 

2.44 
1.94 

0.30 
0.25 

0.37 
0.30 

4.28 
4.06 

4.40 
2.86 

0.10 
0.08 

0.10 
0.11 

3.21 
3.00 

3.12 
2.39 

0.11 
0.20 

0.14 
0.21 

Source: IRA, 1984. 
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Table 1-19. 
 Response of Improved Sorghum Varieties to Nitrogen, Phosphorus,
 
and Potassium in Dryland Conditions in Northern Cameroon
 

Nutrient Rate 
 Grain Yield
 
N PK20 
 Guetale Bere Sanguere Touboro 

- - - (kg/ha) - - -- ----------- (kg/ha)-----------
0 0 0 2,957 2,541 2,624 1,375

0 0 40 3,249 2,561 3,520 1,500

0 40 0 3,416 2,312 3,249 1,749

0 40 40 3,207 2,437 3,395 1,728
 

40 0 0 3,478 2,895 3,873 1,895

40 0 40 3,249 3,207 3,478 2,395

40 40 0 3,187 3,207 4,477 2,270

40 40 40 4,290 3,062 4,561 2,603
 
80 0 0 3,603 3,520 3,728 2,770

80 0 40 3,332 3,353 4,144 2,458

80 40 0 3,645 3,582 4,519 2,374

80 40 40 3,561 3,666 3,832 3,186
 

120 0 0 3,894 3,499 3,603 2,353

120 0 40 3,728 3,520 3,696 2,791

120 40 0 4,269 3,415 3,124 2,249

120 40 40 4,103 3,290 4,040 2,291
 

Source: IRA, 1984.
 

Table 1-20. Estimated Sorghum Yield Response Functions
 

Regression Coefficienta
 
Location Intercept N Nz P K NP PK R 
Guetale 3,118 7.35 NS NS NS NS 0.254 0.64 

Bere 
(120) 

2,445 
(1.81) 
22.03 

NS 
-0.114 

NS 
NS 

NS 
NS 

NS 
NS 

(0.109) 
NS 0.93 

Sanguere 
(63) 

2,950 
(2.51) 
30.12 

(0.020) 
-0.210 

NS 
13.72 

NS 
NS 

NS 
NS 

NS 
NS 0.62 

Touboro 
(246) 

1,247 
(7.79) 
28.03 

(-0.060) 
-0.153 

(8.00) 
10.11 

NS 
5.99 

NS 
-0.121 

NS 
NS 0.86 

(157) (4.64) (0.036) (4.76) (2.85) (0.064) NS 
a. Numerals in parentheses are values of standard error.
 

NS = not significant at P = 0.10.
 

Source: 
 Equation derived by IFDC from grain yields in Table 1-19 provided by
 
IRA.
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Sorghum grown during the dry season represents 40% of the cereals
 
produced in the North. 
 The limiting factor for dry season sorghum production
 
is, of course, soil moisture availability. Only with Babouri sorghum, when
 
planted early enough to benefit from late rains, is there response to fertilizers.
 
A research program is investigating the possibility of sequence or 
relay cropping
 
of rice and Muskwari sorghum, but only limited and inconclusive results 
are so
 

far available.
 

Rice
 

North and Extreme North Provinces--The irrigated rice grown under the
 
SEMRY Project uses modern varieties grown under high incident radiation. Response
 
to nitrogen under these conditions is good to excellent. Examples of responses
 
are shown in Tables 1-21 and 1-22. 
 Maximum yields would be obtained with more
 
than 180 kg N/ha during dry seasons and with more than 150 kg N/ha during wet
 
seasons. 
 On the basis of average responses over the years, 150 kg N/ha would be
 
expected to give 2-3 mt/ha yield increase, depending on location. This would
 
result in 13-20 kg paddy per kg N.
 

New fertility problems have appeared in recent years and are 
attribuited
 
to an increasingly severe phosphorus 
t-ficiency. Much of Yagoua, Maga, and all
 
of the Kousseri area 
are suspected of being deficient in phosphorus (source:
 
SENRY). The results from a phosphorus experiment conducted for three seasons
 
are shown in Table 1-23. Results show significant response to phosphate appli
cation, as well as 
similar response to triple superphosphate (TSP) and diammonium
 

phosphate (DAP) when each 
was applied for all crops. Additionally, the data
 
show that one application of TSP followed by three crops gives 
a yield response
 
similar to that 
when the TSP is split for each crop. SEHRY has now recommended 
DAP at the rate of 100 kg/ha for all the phosphate-deficient rice-growing areas.
 

The Hbo Plain--The Nbo Plain in the West Province is also an 
important
 
rice-growing area 
for both upland and transplanted irrigated rice. The soils
 
are acid and low in phosphorus, and incident radiation and temperatures are low.
 

Experiments 
on nitrogen source and time of application have been 
conducted, but results have been inconclusive. Yield responses of irrigated 
transplanted rice to nitrogen or to nitrogen and phosphorus are shown in 
Tables 1-24 through 1-26. Compared with the SEHRY project area, yields with no 

nitrogen fertilizer are generally greater and maximum yields 
are obtained at
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Table 1-21. Response of Irrigated Rice to Nitrogen, SEMRY Project
 

Paddy Yield
 
N Rate (kg/ha)
Location 	 Year 
 0 45 90 135 
 180
 

--- (kg/ha) - .....-.---------

Dry Seasons
 

Vounaloum 1983 3,510 5,010 5,600 5,300 
 6,240

1984 4,170 4,740 5,870 7,040 
 7,150

1985 4,800 6,050 6,130 6,770
1985 1,560 2920140 	 6,590
4,990 5,410
 

Mean 3,510 4,680 5,450 
 6,020 6,350
 

Maga 	 1983 1,880 1,970 2,330 2,520 1,940
 
1984 2,470 3,940 4,490 5,670 6,110

1985 2,420 3,460 3,550 4,630 4,610
 
Mean 2,260 3,120 	 4,270
3,460 	 4,220
 

Wet Seasons
 

Vounaloum 1983 2,210 3,380 5,340
4,590 5,450
 
1984 4360 5A49 6,370 6,670 7j6
 

Mean 3,280 4,440 5,480 
 6,000 6,500
 

Maga 	 1983 3,040 4,340 4,450 4,950 4,720
 
1984 3,210 4 5,620
5,290 	 5_58Q
 
Mean 3,120 4,380 4,870 
 5,280 5,150
 

Kousseri 1983 3,710 4,990 
 5,220 5,560 5,290
 

1984 4 4,680 6,120 6,510 7,090
 
Mean 3,920 4,840 5,670 
 6,040 6,190
 

a. Two experiments were analyzed in 1985.
 

Example of soil analysis:
 
Kousseri (1984): pH CaCl 2 = 5.2, CEC 
= 19.3 meq/100 g, P205 30 ppm

Exchangeable Na 	(1969) 
0.8 meq/100 g, exchangeable K (1969) 1.0 meq/100 g


(1984) 6.3 meq/100 g, 
 (1984) 3.9 meq/100 g

(Ca + Mg)/K (1969) = 24.0 (optimum)
 

(1984) = 2.9 (very low)
 

Source: SEMRY.
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Table 1-22. Estimated Response Function for Rice to Nitrogen, SENRY Project
 

a
 
Regression Coefficients


Location Year Intercept N NZ R2
 

Dry Seasons
 

Vounaloum 1983 
 3,695 (483) 26.0 (13.0) -0.071 (0.068) 0.87
 
1984 4,016 (344) 24.0 (9.1) -0.031 (0.048) 0.96
 
1985 4,875 (235) 
 25.0 (6.2) -0.085 (0.033) 0.95
 
1985 j529 (63) 36.0 (1.6) -0.079 (0.088) 0.99
 

Mean 3,529 27.75 -0.066
 

Maga 1983 1,778 (219) 
 11.0 (5.8) -0.053 (0.031) 0.68
 
1984 2,530 (235) 29.0 (6.2) -0.050 (0.033) 0.98
 
1985 2,463 (322) 
 20.0 (8.5) -0.040 (0.045) 0.93
 
Mean 2,257 
 20.0 0.048
 

Wet Seasons 

Vounaloum 1983 2,137 (145) 35.0 (3.8) -0.091 (0.02) 0.99 
1984 4,423 (213) 24.0 (5.6) -0.037 (0.030) 0.98 
Mean 3,280 29.50 -0.064 

Maga 1983 
1984 

3,125 (236) 
3z20 (30) 

26.0 (6.2) 
33.0 (0.8) 

-0.094 (0.033) 
-0.107 (0.004) 

0.96 
0.99 

Mean 3,163 29.50 -0.101 
Kousseri 1983 3,781 (176) 27.0 (4.6) -0.105 (0.025) 0.97 

1984 4,263 (283) 
 28.0 (7.5) -0.071 (0.040) 0.96
 

Mean 4,022 27.50 -0.088
 
a. Numbers in parentheses are values of the standard error.
 
1). Two experiment: were analyzed in 1985.
 
Source: 
 Equation derived by IFDC from grain yield in Table 1-21 provided by
 

SEMRY.
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Table 1-23. 
 Response of Rice to Phosphorus Rates, Sources and Management Practices) SEMRY Project
 

Paddy Yielda
P205 Rate By Crop 
 Year and Season
P 	Source 1 2 Agronomic Efficiency
3 1983 Wet 1984 Dry 
 1984 Wet Total 1 Crop 2 Crops 3 Crops
 
- - -(kg/ha) 


- -(kg paddy/kg P2 05 )-
0 0 
 0 1,400 2,300 2,520 6,220
DAP 45 45 45 	 - - _
2,670 3,650 3,090 9,410 
 28.2 29.1
90 
 90 90 2,410 4,330 2,920 	
23.6
 

9,660 11.2 16.9 12.7
 
TSP 45 45 
 45 2,850 2,550 
 3,460 8,860 32.2 
 18.9 19.6
90 90 
 90 2,840 3,270 
 3,900 10,010 16.0
180 	 13.4 14.0
180 180 3,290 3,310 
 3,780 10,380 10.5 8.1
360 360 360 	 7.7
3,460 4,070 
 3,600 11,130 5.7 
 5.3 4.5
 
TSP 
 90  - 3,130 2,420 
 2,470 8,020 
 19.2 20.6 20.0180 - - 2,870 2,830 2,650 8,350


360 -	
8.2 11.1 11.8- 3,140 3,310 3,210 9,660 
 4.8 7.6 
 9.6
 

I. All plots received 90 kg N/ha for each crop.
 

Estimated Response Functions for TSP:
 

Crop 1
 
2
Y 	= 1,860 + 12.48 P - 0.024 p
 

(333) (4.54) (0.011) 	 R2 
= 0.71
 

Crop 1 & 2
 
P each crop Y = 4,148 + 10.97 P 2
- 0.0088 p


(396) (3.16) (0.0041) R2 
= 	 0.92 
P 	first crop Y = 4,148 + 13.74 P - 0.021 p2
 

(396) (6.01) (0.016)
 

Crop 	1, 2, & 3
 
P each crop Y = 6,878 + 11.54 P 2
- 0.0071 p
 

(593) (3.16) (0.0027) R2 
= 0.91
 
P first crop 2
Y 	= 6,878 + 10.75 P - 0.0086 p
 

(593) (9.02) (0.024)
 
Numbers in parentheses are standard errors.
 

Source: 
 SEMRY, 1984. Equations derived by IFDC from grain yields in Table 1-23 provided by SEMRY.
 



------------ 

68
 

Table 1-24. 
 Nitrogen Response of Irrigated Rice, Mbo and Ndop Plain
 

N Rate Paddy Yield
Mbo 1983 (1) Mbo 1984 (1) Ndop 1984
(kg N/ha)--
 (kg/ha)
 
0 
 4,980 
 4,360 
 4,360
20 
 5,300 
 4,840 
 5,010
40 
 5,660 
 5,590 
 5,370
60 
 5,570 
 5,580 
 5,990
80 
 5,490 
 6,020 
 5,940
100 
 6,110 
 5,930 
 5,870


120 5,180 _
 
Example of soil analysis:
Mbo pH 4.2, CEC = 7.09 meq/100 g, base saturation± 39%, P 3.7 ppm.Ndop pH 4.6, CEC 
= 7.29 meq/100 g, base saturation 69% pBray 0.9 ppm
 

08 Bray
Source: IRA, 1983, 1984.
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Table 1-25. 
 Effect of P and N Rates on Yield of CICA-8 Rice Under Irrigated
 
Condition, M-bo Plain
 

Paddy Yielda 

N Rate 0 40 
P905 Applied (kg/ha)

60 80 Mean 
(kg/ha)-- ------ ------ --- (kg/ha)............................ 

1982 Wet Season 

0 
40 
60 
80 
100 

4,830 
5,530 
4,520 
5,210 
5,100 

4,360 
5,340 
5,680 
5,990 
5,750 

4,690 
5,800 
4,630 
5,510 
5,870 

5,220 
4,930 
4,900 
5,520 
5,850 

4,780 
5,400 
4,930 
5,560 
5,640 

Mean 5,040 5,420 5,300 5,280 -

1983 (2) Wet Season (Late) 

0 
40 
60 
80 
100 

2,080 
2,630 
2,210 
2,800 
2,610 

1,810 
2,430 
2,590 
2,740 
2,580 

2,070 
2,590 
2,780 
2,920 
3,200 

2,190 
2,720 
2,930 
2,900 
2,700 

2,040 
2,590 
2,630 
2,840 
2,770 

Mean 2,470 2,430 2,710 2,690 -

1984 (2) Wet Season
 

0 5,640 5,600 5,710 
 5,300 5,560

40 5,910 6,120 6,270 
 5,610 5,980

60 5,800 5,870 6,230 
 6,030 5,980

80 6,410 6,800 7,270 
 6,290 6,690

100 6,730 6,530 7,180 
 7,300 6,930 
Mean 6,100 6,180 6,530 6,100 

a. Average of 3 replications. 1982: CV = 12.0%, LSD (5%) = 0.8 mt/ha;
1983: CV = 23.5/, not significantly different; 1984: CV = 8.5%, 
LSD (5%) = 0.90 mt/ha. 

Source: IRA.
 



Table 1-26. Estimated Response Function for Irrigated Rice Mbo Plain 

Regression CoefficientsLocation Year Intercept N N 2 

Mbo 1983 (1) 4,958 (268) 21.24 (10.47) -0.147 (0.084)
1984 (1) 4,330 (147) 35.00 (6.90) -0.183 (0.066) 

Mean 4,644 28.12 -0.165 

Mbo 1982 4,597 (241) 8.04 (2.75) NS 
1983 (2) 1,890 (109) 16.00 (3.9) -0.089 (0.038)
1984 (2) 5,449 (141) 13.94 (2.14) NS 

Mean 3,979 12.66 -0.089 

Ndop 1984 4,351 (119) 39.06 (5.59) -0.237 (0.054) 
Numbers in parentheses are standard errors. 

NS 

3.33 

NS 

3.33 

-

P 

-

(1.38) 

P2 

NS 

NS 

NS 

NP 

-

-

NS 

NS 

NS 

R 2 

0.54 

0.96 

-

0.40 

0.77 

0.70 

0.97 

Source: Equations derived by IFDC from grain yield data in Table 1-25 provided by IRA. 
0 
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lower rates of nitrogen in the Mbo Plain. 
Nitrogen application rates for maximum
 
yield vary from 71 to 95 
kg N/ha allowing yields to 
reach up to 6 mt/ha. Response
 
to phosphate (Table 1-25) 
is nil to small. The general lack of response of rice
 
to phosphorus leads to inconclusive results 
from several experiments in which
 
phosphorus sources, including phosphate rock, 
were compared. Expending effort
 
on such comparisons has little practical value in that, per unit of P205
 , phos
phate rock is more expensive than DAP when applied in the field.
 

Upland rice is not usually fertilized although studies 
on the fertil
izer response of this crop are being carried out. 
 The limited data collected
 
for this study (Tables 1-27 through 1-29) indicate small responses of rainfed
 

rice to nitrogen, phosphorus, and potassium.
 

Summary
 

A limited amount of data on 
crop response to fertilizers was collected
 
and analyzed. 
 The results indicate the following:
 

1. Coffee, Arabica and Robusta, responds well to N even at 
rates greater than
 
100 kg N/ha. Response to other r'itrients was limited 
to K in the desaturated
 

ferrallitic soils.
 

2. 
Cotton yield responses of 0.5-1.0 mt seed cotton/ha were reported due to
 

fertil izati on.
 

3. Maize yield responses to 100 kg N/ha 
were 1.0 mt/ha or more following
 
groundnut and 1.5 mt/ha 
or more following cotton in the North. 
Yield
 
responses to P205 
were good following groundnut but infrequent following
 

cotton, indicating the value of residual 
fertilizer.
 

4. 
Sorghum yields increased consistently with nitrogen (I mt of grain/ha from
 
70-90 kg N/ha), but responses 
to P and K were less frequent.
 

5. Excellent rice yield responses to N were obtained in the SENRY project area
 
(2-3 mt paddy/ha from 150 kg N/ha). 
 Also, yield increases were obtained
 
with phosphate. DAP and TSP applied as split doses 
to each crop or at one
 

time for 
three crops gave similar yield responses.
 

On the Mbo Plain yields without N were greater than those 
in the SEMRY
 
project, and maximum yields were 
obtained with less 
than 100 kg N/ha. Even 
though soils are reported to be low in P, the data collected indicate only
 

zero to small yield responses to P.
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Table 1-27. 	 Response of IRAT-10 Rice to N and P Under
 
Rainfed Upland Condition, Mbo Plain, 1983 Wet
 
Season
 

Nutrient Rate 
 Grain
 aN P20; Yild 
- - (kg/ha) (kg/ha)
 

0 1,620
 
40 0 
 2,260
 
60 0 
 2,680
 
80 
 0 1,720
 
40 60 
 1,770
 
60 60 
 2,690
 
80 60 
 2,690
 
40 80 2,560
 
60 	 80 
 3,040
 
40 100 2,910
 
60 100 2,510
 
80 100 2,910
 

a. Average of three replications; LSD (5%) = 710 kg/ha;
 
CV = 17.08%.
 
Estimated response function as follows: 

Y = 1,560 + 26.5N - 0.254N 2 + 0.103NP
 
(367) (15.9) (0.166) (0.048) R2 = 0.58 

Numbers in parentheses represent the standard error. 

Source: IRA. 

Table 1-28. 	 Response of Rainfed IRAT-10 Rice to
 
Phosphorus, Mbo Plain, 1984
 

-- Paddy Yield 
Trial 2 

P20S Rate Trial I Broadcast Band 
(kg/ha) -------- (tons/ha)-.-.-.-.-.. 

0 	 2.37 1.19 1.1950 	 2.82 1.34 1.73
 

100 3.08 1.39 

150 3.30 - 
200 3.55 1.64 2.02
 

Estimated response function for trial 1 is: 
Y = 2,391 + 8.30P - 0.013P 2 

R2
(44) (1.03) (0.0005) = O.9 
Numbers in parentheses are values of standard error. 

Source: IRA.
 

1.84 
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Table 1-29. Response of Rice Variety IRAT-1O to K
 
Under Rainfed-Upland Condition, Mbomi-10
 
(Mbo Plain), 1984 Wet Season
 

a
Paddy % Grain 

K20 Rate Yield Sterility 
(kg/ha) (kg/ha) 

0 2,342 17.6 
20 2,873 16.0 
40 2,800 14.6 
60 2,742 11.7 
80 2,621 14.0 

a. Average of four replications; LSD (0.05) =
 
540 kg/ha; CV = 13.1%.
 
The estimated response function is:
 

Y = 2,406 + 20.55K - 0.230K 2
 

(127) (7.5) (0.090) R2 = 0.79
 
Numbers in parentheses are values of standard error.
 

Source: IRA, 1984.
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Crop Responses to Fertilizers in Cameroon--


Economics of Fertilizer Use
 

An objective of this 
study was to establish farmer benefit/cost ratios 
when fertilizer is used on the principal crops at recommended rates. Coffee,
 

cotton, maize, and rice account for 82% of 
 the fertilizer used in Cameroon.
 
Although fertilizer recommendations exist for most crops, 
 even for the major
 
crops 
 there is great difficulty in obtaining adequate information on the profit

ability of farm use of lertilizer. 

In the coffee-food crop mixed cropping system of the western area of
 

Cameroon, work on the effect of fertilizer on total crop production has only
 
recently begun. In the cotton zone, SODECOTON has developed general fertilizer 
recommendations that are based on total soil fertility evolution and not on the 

response of cotton to the individual fertilizer nutrients. 

The approach used in determining physical response was to take the raw 
agronomic results from IRA research and develop response curves using regression 
techniques for coffee, maize, sorghum, and rice, and the results were used to 
determine th economics of fertilizer use. As crop budgets were not available, 
partial budgeting was used to determine benefit/cost ratios for fertilizer use 

for a number" of products. 

Arahica Cof tee 

About 40% of the total coffee area is Arabica. The Census indicates 
that 121,000 ha of Arabica coffee was grown in Cameroon in 1984 (Table 1-30). 

All the Arahica coffee is produced in the West and North West Provinces with 

about 58% of the area being in the West in 1984. Arabica yields in the North 
West Province (440 kg/ha) exceed those in the West (358 kg/ha). Arabica yields 
arc 
 low as a result of several factors. Over 22% of the trees are over 25 years 
old, and 39% range from 13-25 years. Fertilization rates of Arab)ica coffee are 
low. Even with the recent figures on coffee areas, which are lower than p)revious 
f igures in the Census, total ferti Iizer use if app! ied at the recommended rates 
of 200 kg/ha would require over 20,000 mt of fertilizer, more than was used oil 

all cotfee in these two provinces in 1985. The Census indicates that 49% of the 
coffee farmers use ert i I izer al thogh no ireakdown is given between Arabi ca and 

Robusta coffee fertilization. 

Although the f.o.h. price of Cameroon Arabica coffee has gone up, 

significantly over the years, the price the farmer receives has typically been 
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Table 1-30. Cameroon: Comparison of Arabica Coffee Statistics
 

Item 1978/79 1979/80 1980/81 1981/82 1982/83 
Census 1984
 
Production ('000 mt) 27 
 28 25 25 25 

Area ('000 ha) 156 158 164 150 153 101
 
Yield (kg/ha) 173 179 154 
 167 162 392
 
Source: Ninistry of Agriculture, "Yearbook of Agricultural Statistics,
 

1982/83 and 1984 Agricultural Census."
 

Table 1-31. Prices of Arabica Coffee
 

Producer f.o.b. Producer f.o.b.
 
a
Year Price Price Percent Year Price Price Percenta 

- (FCFA/kg)- -  - - (FCFA/kg)- - 

1961 175 
 202 87 1973 200 296 
 68
 
1962 175 205 85 
 1974 190 
 324 59
 
1963 192 222 
 86 1975 235 457 51
 
1964 195 
 235 83 1976 305 936 33
 
1965 185 230 81 
 1977 325 1,032 31
 
1966 157 214 
 74 1978 360 1,001 36
 
1967 156 210 
 74 1979 350 787 44
 
1968 158 
 218 72 1980 340 844 40
 
1969 201 276 73 
 1981 370 
 704 50
 
1970 174 263 
 66 1982 450 704 50
 
1971 165 
 248 67 1983 410 1,098 37
 
1972 175 
 284 62 1984 420 1,275 33
 

a. 
Producer price expressed as a percentage of f.o.b. price.
 
Source: "Bilan Diagnostic" as 
reported in "Cocoa in Cameroon, Policy and the
 

Economics of Production," Volume 1, page 54, Gagne-Gervais, "Cameroon
 
the Cash Crop Sector: Its Performance arid Future Development
 
Possibilities," page 
11, and Ministry of Agriculture Statistics.
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only about half of 
current price, and the farmer's share has fallen over time
 

(Table [-31).
 

Costs developed in Tables 
1-32 and 1-33 based on budgets provided by
 

tCCAO indicate that tie cost of producing Arabica coffee and achieving a yield
 

level of 392 kg/ha as indicated by Lhe 1984 Census of Agriculture would result
 
iA a cost of FCFA 398/kg of Arahica coffee produced. The 1984 Census reported
 

that farmers in the North West and West Provinces received FCFA 280 and 320/kg
 

of Arabica coffee produced in 1984. However, UCCAO reported buying Arabica
 

coffee at FCFA 420/kg. Thus it appears that if farmers receive 
the price indi

cated by the Census and if labor is computed at prevailiig rates, farmers are
 

losigi money from Arabica coffee production. lowever, farmers obv.,iously value
 
their labor at a lower rate and hope for a good production year; oLherwise, they
 

would not keep producing in that often they may not even be cove ring their
 

variable costs. No doLbt this explains why 60% of the 
trees are over 12 years
 

old and only 10% of all trees are less than 4 years. Farmers cannot. a fFord to
 
replant Acabi ra coffee, and no doubt over time some of this 
area will shift to
 
food crops unless the government decides to give the farmer a large share of the
 

f.o.b. Arabica coffee price. 

'Tle practice of intercropping presents a problem in developing costs
 

of production. UCCA() personnel estimated that 
80% of the crops in the West
 

Province were inte'rcropped. This makes determining average yields, average
 

costs, etc., very difficult. A study by IRA (1983) indicated that 
44% of a 
survey group cited Lhe main advantage of intercropping as "its rational use of 

re larid,' 20, cited "the spreading of risk of an individual crop failure," and
 
18% cited 
"tie efficient use of farm labor." The disadvantage of mixed cropping
 

most cited was "the low yields of the associated crops.'' 

[;CCAO figures on Arabica coffee confirm this disadvantage cited in tiLe 
IRA srurvey,. [JCCAO estimates that Lypical rabica inLercropped yields were 

250-260 kg/ira, whereas monocropped producers obtained 400-450 kg/ha. Thus the 

IioIorOlt)pe p roducers who alila(age well are likely making a reasonbil e profiL, 

whierceas flit initercropped producer murst, coripiLe not only his net returmns from 

Arabira coffee buit also the valre of tiLe intercropped food cops and the value 

lit'pl artS in slpreading his risk. 

IICLtA) allso inrdicatel that Arabica coffee yields withot fertilizer 

were less than half of that froi trees receiving tproper tert-iliza tion. They 

also indicated that Lrees not receiviring fertilizer had a life of only 10-15 years. 
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Table 1-32. Total Cost of Establishing Arabica Coffee
 

Clearing 

Staking (15 days at 600) 

Marking holes (1,100 at 80) 

Seedlings (1,100 at 5) 

Transporting seedlings to plantation 

Transplanting (15 days at 600) 

Fertilizer (25 g x 1,100 x 2) 

Applying 	fertilizer (2 at 5,000) 

Weeding and cultivation 


Total Year 1 


Weeding, 	cultivation, etc. (4 at 6,000) 

Transporting organic manure 

Fertilizer (1,100 at 50 g x 2) 

Labor for application 


Total Year 2 


Weeding, 	cultivation, etc. 

Transporting organic manure 

Fertilizer (1,100 at 75 g x 2) 

Labor for application 


Total Year 3 


Weeding, cultivation, etc. 

Pruning (1,100 at 5 x 2) 

Transporting organic manure 

Fertilizer (1,100 at 100 g x 2) 

Labor for application 


Total Year 4 


Total 4-Year Costs (Establishment Plantation) 

Annual Cost Assumed Over 20 years 


Source: 	 D. Moreau, Directeur of Production, UCCAO,
 
December 1983.
 

FCFA/ha
 

15,000
 
9,000
 

88,000
 
5,500
 
5,000
 
9,000
 
1,800
 

10,000
 
12,000
 

155,300
 

24,000
 
4,000
 
2,600
 
10,000
 

40,600
 

24,000
 
6,000
 
5,000
 
10,000
 

45,000
 

24,000
 
5,500
 
8,000
 
7,200
 

I0,000
 

54,700
 

295,600
 
14,000
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Table 1-33. Annual Cost of Producing Arabica Coffee
 

Activity FCFA/ha 

Establishment cost 14,000 
Equipment cost 16,270 
Weeding, cultivation, etc. (4 at FCFA 6,000) 24,000 
Pruning (1,100 at FCFA 10) 11,000 
Transporting organic fertilizer 8,000 
Fertilizer 400 kg/ha x FCFA 35/kg) 14,000 
Applying fertilizer (2 times at 

FCFA 5,000/ha) 10,000 
Pesticides, fungicides, sprayer rental, etc. 10,000 
Labor for applying pesticides and 

fungicides (5 times at FCFA 5,000) 25,000 
Harvesting cost FCFA 100/mt 8,250 
Removing pulp 2,000 
Fermentation material 3,500 
Material for drying FCFA 75/sack 1,500 
Transporting and handling coffee 3,500 
Other costs 47480 

Total Annual Cost/Hectare 156,000 

Cost per kg at 500 kg/ha 312 
Cost per kg at 392 kg/ha 398 
Cost per kg at 300 kg/ha 520' 

Source: D. Moreau, Directeur of Production, UCCAO,
 
December 1983.
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Thi'ee trials have been run by IRA over a 10-year period on the yield
 

response by Arabica coffee to fertilizer use as described earlier iii 
the 	agro

nomic section. The trials measured only N response; additional phosphate and
 

potash were used in the trials and the response to N was isolated.
 

The 	advantage of fertilizer use can be summarized by using partial
 

budgeting techniques. This means estimating the value of the benefits resulting
 

from fertilization and the associated costs 
in achieving these benefits. With
 

the use of regression analysis and the research data from Lhe three trials, the
 

following equations were developed to estimate crop response:
 
2
1. 	Foumbot Java Y = 287.6 + 6.49 N -.0087 N 2=
R = .91 
2 22. 	Foumbot Catura Y = 352 + 6.03 N -.006755 N R = .94
 

where
 

Y = Arabica yield in kg/ha
 

N = kg of nitrogen/ha
 

It was 
assumed that fertilizer is applied twice at 4 workdays/appli

cation/ha at FCFA 1,000/day. Costs of transporting fertilizer and extra output
 

were estimated to be FCFA 2,000/ha.
 

Results of the trials are summarized in Table 1-34, based on both
 

subsidized fertilizer (FCFA 200/kg N) and unsubsidized fertilizer (FCFA 952 kg
 

N), 	and shown graphically in Figures 1-8 and 1-9. 
 Fertilizer recommendations
 

for the majority of the Arabica coffee 
are 200 kg of 20-10-10. Crop value was
 

determined by using the 
1984 Census average price received for Arabica coffee
 

(FCFA 300 rather than the official price of FCFA 420). The two trials indicate
 

that fertilizer is profitable at the recommended rate even though the trials are
 

much more profitable at higher application rates. Fertilizer use is profitable
 

even if fertilizer is unsubsidized. Table 1-35 indicates that the benefit/cost
 

(B/C) ratios are much more favorable if farmers receive the official stated
 

price for Arabica coffee as an average (FCFA 420). This gives an idea of the
 

sensitivity of the B/C ratio to changes in crop prices when the crops 
are fer

tilized at the recommended rate.
 

A major weakness of this approach is that only response to N was eval

uated. Thuns, in calculating the economics of fertilizer use, 
all of the fertil

izer cost is charged to N although it is expected that there are also benefits
 

from P and K.
 

Since these are research results with higher than average management,
 

the farmer's results may be less favorable. In addition, these results were
 

based on monocropping, and results with intercropping may not be 
as favorable.
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Table 1-34. 	 Arabica Coffee Net Returns and Benefit/Cost Ratios Using Recommended
 
Fertilization Rate of 200 kg of 20-10-10/ha
 

Net Returns
 
_ _ From Appling Fertilizerb Benefit/Cost Ratio 

Trial Location Variety Yield Subsidized Unsubsidized Subsidized Unsubsidized 
(kg/ha) ----- (FCFA/ha) - - - -

I Foumbot Java 533 55,800 25,720 4.10 1.53 
2 Foumbot Catura 582 51,000 20,920 3.83 1.44 

a. Subsidized = FCFA 200/kg N.
 
b. Unsubsidized price = FCFA 952/kg N.
 

Source: 	 Based on response curves developed by IFDC from IRA research data. Coffee
 
prices are based on census average prices received, subsidized fertilizer
 
prices are based on prices charged outside Douala, and nonsubsidized prices
 
are based on 	IfDC estimates.
 

Table 1-35. Benefit/Cost Ratios Assuming Arabica Coffee Price at FCFA 420/kg
 

BenefiL/Cost Ratio
 
Trial Location Variety Yield Subsidized Unsubsidized 

(kg/ha) 

I Foumbot Java 533 5.74 2.15 
2 Foumbot Catura 582 5.37 2.01 

Source: Data sources same as Table 1-34 except official Arabica coffee price of 
FCFA 420/kg assumed.
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Figure 	I-8. Profit Per Hectare From Use of Fertilizer on Aradica Coffee Foumbot (Catura). 
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Figure 1-9. Arabica Coffee Benefit/Cost Ratios With 200 kg/ha 20-10-10. 



83
 

Table 1-33 shows that returns from producing Arabica coffee are mar
ginal. However, if the two trials shown in Table 1-34 are 
representative then
 
this indicates more money can be made (or conversely less money will be lost) if
 
relatively high levels of fertilizer are used.
 

Ribusta Coffee
 

The area planted to Robusta coffee is much larger than the area planted
 
to Arabica coffee, and total production and yields are considerably higher. The
 
1984 Census indicated that 152,800 ha of Robusta coffee was grown with an average
 
yield of 885 kg/ha (Table 1-36).
 

The Census of Agriculture indicates that, although Arabica coffee is
 
grown only in the West and North West Provinces, nc province predominates in the
 
area of Robusta coffee grown (Table 1-37). 
 Four provinces each contain 17%-24%
 
of the total hectares. Although the Littoral Province does not have the largest
 
area, it has the highest production because yields are very high (1,321 kg/ha).
 
The West, South East, and East Provinces also have large areas of Robusta coffee.
 

Prices of Robusta coffee are 
lower than that of Arabica (Tables 1-31
 
and 1-38). However, gross income per hectare based on 
Census 1984 average
 
yields and average prices for Robusta are more 
than doubie that of Arabica
 
(FCFA 292,500 versus FCFA 117,600). Data supplied by UCCAO indicate that while
 
production costs are higher for Robusta they are only about 20% higher (Table 1-39).
 
Thus it appears that the production of Robusta is more profitable than Arabica
 
production. 
 This may explain why the Ministry of Agriculture figures show areas
 
of Arabica coffee declining whiie the area 
of Robusta is increasing.
 

Three trials have been run by IRA on 
the Robusta yield response to
 
fertilizer as described earlier in the agronomic section. 
The trials measured
 
only N response; phosphate and potash were used in the trials, and the response
 
to N was isolated. The value of fertilizer use was summarized by using partial
 
budgeting techniques. With the use 
of regression analysis and the research data
 
from the three trials, the following equations were developed to estimate crop
 

response:
 

1. Y = 1,344 + 3.0 N - .00458 N2 R2 = .99 (Barombi Kang 4-year average) 
2. Y = 801 + 2.16 N - .0048 N2 2 = .93 (Barombi Kang first year after 

cutback)
 
3. Y = 1,132 + 2.15 N - .0032 N2 R2
 = .99 (Abong Mbang 10-year averdge) 
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Table 1-36 Cameroon: Comparison of Robusta Coffee Statistics
 

Item 1978/79 1979/80 1980/81 1981/82 1982/83 Census 1984
 

Production ('000 mt) 81 73 87 84 105 119
 
Area ('000 ha) 198 200 208 215 221 153
 
Yield (kg/ha) 409 365 418 391 476 885
 

Source: 	 Ministry of Agriculture, "Yearbook of Agricultural Statistics,
 
1982/83" and 1984 Agricultural Census.
 

Table 1-37. Cameroon: Robusta Coffee Production by Province 

Province Hectares Percent Area Production Yield 
(mt) (kg/ha) 

Extreme North -

North - -- -

Adamaoua 4,300 3 5,780 1,445 
East 26,400 17 22,810 1,119 
Central 12,000 8 7,540 699 
South 700 - 210 341 
Littoral 31,000 20 37,420 1,321 
South West 36,400 24 12,900 387 
North West 8,600 6 4,870 726 
West 33,400 22 27,300 706 

Cameroon 152,800 100 118,830 885 

Source: 1984 Census of Agriculture. 



85
 

Table 1-38. Prices of Robusta Coffee
 

Producer f.o.b. Producer f.o.b. 
Year Price Price Percent Year Price Price Percent 

- - (FCFA/kg)- - - - (FCFA/kg)-  -

1961 
1962 

96 
90 

142 
142 

64 
63 

1973 
1974 

130 
135 

256 
261 

51 
52 

1963 
1964 

102 
127 

155 
149 

66 
85 

1975 
1976 

145 
195 

404 
819 

36 
23 

1965 
1966 

100 
115 

115 
160 

69 
72 

1977 
1978 

250 
280 

1,276 
812 

20 
34 

1967 115 166 69 1979 310 761 40 
1968 115 156 74 1980 320 744 49 
1969 
1970 

117 
125 

197 
204 

59 
61 

1981 
1982 

330 
350 

575 
728 

57 
48 

1971 
1972 

125 
125 

208 
209 

60 
60 

1983 
1984 

390 
410 

1,017 
1,270 

38 
32 

NOTE: Coffee prices are announced in January. 

Source: 	 "Bilan Diagnostic" as reported in "Cocoa in Cameroon, Policy and the
 
Economics of Production," Volume I, page 54, Gagne-Gervai , "Cameroon
 
the Cash Crop Sector: Its Performance and Future Development

Possibilities," page 11, 
and Ministry of Agriculture Statistics.
 

Table 1-39. Annual Cost of Producing Robusta Coffee
 

Activity 
 FCFA/ha
 
Establishment cost 
 9,000

Equipment cost 
 19,500
 
Clearing 
 60,000

Pruning (1,000 at FCFA 13 x 2) 
 26,000
 
Fertilizer (8 bags at FCFA 2,100) 
 16,800
 
Application (1,000 at 5 f x 2 times) 
 10,000

Insecticide 
 1,200
 
Renting sprayer 
 2,400
 
Labor for spraying (2 at FCFA 600) 
 1,200
 
Harvesting cost 
 18,400

Transporting cost 
 7,300
 
Drying 	cost 
 3,500

Transporting to the factory 
 9,000

Handling 	at the factory 
 2,500
 

Total Annual Cost/Hectare 186,800
 

Cost/kg with yield of 650 kg/ha = FCFA 287
 
Cost/kg with yield of 885 kg/ha FCFA 211
= 


Note: 	 Same basic total establishment cost as for
 
Arabica coffee but amortized over 30 years.
 

Source: 	 D. Moreau, Directeur of Production, UCCAO,
 
December 1983.
 



86
 

where 

Y = Robusta yield in kg/ha
 

N = kg of N/ha
 

It was assumed that fertilizer is applied twice at 
a cost of 4 workdays/
 

application at FCF\ 1,000/day. Costs of transporting fertilizer and extra
 

output were estimated to be FCFA 2,000
 

Results of the trials are summarized in Table 1-40 using both subsi

dized fertilizer (FCFA 200/kg N) and unsubsidized fertilizer (FCFA 952/kg N).
 

Fertilizer recommendations for most of the Robusta coffee 
are 600 kg of 20-10-10.
 

Crop value was determined by using the 
1984 Census average price received for
 

Robusta coffee (FCFA 330 rather than the official price of FCFA 410).
 

Table 1-40 and Figure 1-10 indicate that fertilization is profitable
 

with subsidized fertilizer but unprofitable if nonsubsidized fertilizer has to
 
be used with current prices assumed. The same is true even 
if farmers received
 

the full FCFA 410/kg of Robusta coffee. 
 Table 1-41 indicates that Robusta
 

coffee producers would have to be paid higher prices than they are now 
receiving
 

before use of unsubsidized fertilizer would be profitable. 
However, additional
 

profit from the use of subsidized fertilizer can be made with higher application
 

rates. 

Since these are 
research results with higher than average management,
 

the farmer's results may be even less favorable. These results were also based
 

on monocropping, and results with intercropping may not be as favorable. Again 
these rates tell us nothing about the profitability of growing Robusta coffee 

but indicate only that using subsidized fertilizer is profitable. However, the 
UCCAO budgets shown earlier for Robusta coffee indicate that production is 

profitable at yield levels indicated by the 1984 Census of Agriculture. 

Cocoa 

Cocoa is a major export crop in Cameroon. There is a substantial 

difference between hectares and yields shown by the Census and those shown by 

the historical Agricultural Statistics (Table 1-42). Production figures between
 

the two sources are somewhat consistent. The Minister of Trade and Industry 

recently reported that as of August 31, 1985, production for the 1984/85 seasons 

totaled 120,000 mt up from 108,000 in the previous season. Exports totaled 

130,200 mt for Grades I and 2 beans in 1984/85 compared with 90,000 t in 1984/85. 
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Table 1-40. 
 Robusta Coffee Net Returns and Benefit/Cost Ratios Using
 
Recommended Fertilization Rate of 600 kg 20-10-10/ha
 

Net Returns
 
From Applying Fertilizer b Benefit/Cost Ratio
Trial Location 
 Subsidized Unsubsidized 
 Subsidized Unsubsidized
 
- ------ --(FCFA/ha)--.-.-

1 Barombi Kang I 
 63,020 -27,220 2.85 .78

2 Barombi Kang II 
 52,460 -37,780 2.54 .70

3 Abong Mbang 
 35,960 -54,280 2.06 .56
 

a. 20-10-10 price: FCFA 4 0,000/mt (FCFA 200/kg N).

b. 20-10-10 price: FCFA 190,500/mt (FCFA 952/kg N).
 
Source: Based on response curves developed by IFDC from IRA research data.
 

Coffee prices are average prices received as indicated in the 1984
 
Census of Agriculture, subsidized fertilizer prices 
are official prices

outside Douala, unsubsidized prices are based on 
IFDC estimates.
 

Table 1-41. Benefit/Cost Ratio Assuming Robusta Coffee Price at 410 FCFA/kg
 

Coffee Price
 
Where Unsubsidized
 

Benefit/Cost Ratio 
 Fertilizer

Trial Location Yield a
Subsidized Unsubsidized 
 Becomes Profitable
 

(kg/ha) 
 (FCFA/kg)
 
I Barombi Kang I 1,638 
 3.55 0.97 412

2 Barombi Kang II 1,063 3.16 
 .86 426
 
3 Abong Mang 1,344 2.56 
 .70 438
 

a. 20-10-10 price: FCFA 40,000/mt (FCFA 200/kg N).

b. 20-10-10 price: FCFA 190,500/mt (FCFA 952/kg N).
 
Source: 
 Same as Table 1-40 except coffee prices are official prices shown in
 

Table 1-38.
 

Table 1-42. Cameroon: Comparison of Cocoa Figures
 

Item 1978/79 1979/80 1980/81 1981/82 1982/83 Census 1984
 
Production ('000 mt) ill 123 118
117 105 114
 
Area ('000 ha) 425 429 444 
 426 408 276

Yield (kg/ha) 261 287 278
264 258 381
 
Source: Ministry of Agriculture, "Yearbook of Agricultural Statistics,
 

1982/83," and 1984 Census of Agriculture.
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Figure 1-10. Robusta Coffee Benefit/Cost Ratios With 600 kg/ha 20-10-10. 
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Cocoa prices are kept low by the ONCPB in order to "stabilize prices"
 
by sheltering the cocoa 
farmer from erratic world prices and to keep the Cameroon
 

cocoa producer from overplanting when world prices are high (Table 1-43).
 
Supply and demand price elasticities 
arc low for cocoa. Since demand elasticity
 
is low, an event such as 
a frost in Brazil can cause prices to go up substantially
 
and s'ay high for more than 1 year. Thus, high prices could stimulate over
planting, and world markets would be flooded with cocoa 4-6 years later. With
 
excess supplies and inelastic demand, competition among producers to sell 
cocoa
 
would prompt cocoa prices to fall dramatically. Then no planting would be done,
 

and the process would be repeated.
 

The government is providing grants of FCFA 200,000 (US $500) for each
 
hectare of new plantation established and FCFA 100,000 for each hectare rehabil
itated. Costs of producing cocoa are shown in Table 1-44.
 

However, the policy of earning foreign exchange at the expense of the
 
farmer makes it unprofitable to use fertilizer. 
We visited no one who indicated
 
that fertilization of cocoa was profitable. However, the 
1984 Census of Agri
culture indicated that 13,400 cocoa producers applied fertilizer. Although this
 
is less than 5% of the cocoa growers, it does indicate that under some conditions
 
fertilization of cocoa must be profitable or these 5% would not be doing it.
 

Maize
 

Maize is the major food crop produced in Cameroon. There can be two
 
plantings of maize per year. The Census indicates that about 89% of the maize
 
area is planted in the first planting (Table 1-45). Only a small percentage of
 
the maize is fertilized. Maize uses an estimated 15% 
of all fertilizer consumed
 
in Cameroon. 
The maize area averaged only 0.3 ha/farm. Only about 23% of the
 

maize is sold by t'-e farmer. The government indicated in the fifth 5-year plan
 
that increasing food-crop production was to be a major objective. The Africa
 

Economic Digest reported in October 1985 that the top priority of the sixth
 
5-year plan beginning on July 1, 1986, "remains rural development, with a target
 
of food self-sufficiency and an eventual surplus of food production for export."
 

It should he pointed out that these census figures sharply disagree
 
with trends that have been indicated by the "Yearbook of Agricultural Statistics" 
published by the Ministry of Agriculture (Table 1-46). The figures for produc

tion seem consistent, but those for area are half the previous figures while
 
those for yields are doubled. The large differences in areas are shown across
 
all provinces. 
However, yields published previously seem unbelievably low.
 



90
 

Table 1-43. Prices of Cocoa
 

Producer f.o.b. 
 Producer 
 f.o.b.
Year Price 
 Price Percent 
 Year Price Price 
 Percent
 
- -(FCFA/kg)  - - - (FCFA/kg)- - 

1961 75 
 104 72 
 1974 100 
 277 36
1962 70 
 113 
 62 1975 
 120 236 51
1963 72 
 117 62 
 1976 150 
 303 50
1964 80 90 
 89 1977 220 527 
 42
1965 45 
 97 46 1978 260 
 680 38
1966 55 
 127 43 
 1979 290 
 637 46
1967 55 153 36 1980 300 493 61
1968 70 
 201 35 
 1981 310 
 635 49
1969 85 
 196 
 43 1982 
 330 61, 52
1970 85 
 144 59 
 1983 330 
 612 60
1971 
 a
75 128 59 1984 
 440 754b 58
1972 75 
 224 34 
 1985 420 
 1,110b 38

1973 
 80 227 35
 
a. Includes a bonus price of FCFA 30.
 
b. Preliminary.
 

Source: Bilan Diagnostic as 
reported in "Cocoa in Cameroon, Policy and the
 
Economics of Production," Volume I, 1983, page 54.
 

Table 1-44. 
 Present Costs of Production of Cocoa
 

Farmer Costs 
 Total Costs
Item FCFA/ha FCFA/kg__ FCFA/ha FCFA/kg

Return un investment 
 29,507 
 127 29,507 127
Amortization 
 7,025 30 
 7,025 30
Land 


Fixed costs - 
36,532 157 
 36,532 157
Labor 
 40,500 
 174 40,500 174
 

Family 30,000 129 30000 129
 
Exchange 
 7,500 32 
 7,500
Hired 32
3,000 13 
 3,000
Tools and equipme.it 13
 

6,344 
 27 6,344 27
Pesticides 

7,968 34
Marketing (f.o.b. Douala) 
 - 13,747 59
Variable Costs 



46,844 201 
 68,559 294
 
TOTAL COSTS 
 83,376 358 
 105,091 451
 
Source: 
 "Cocoa in Cameroon, Policy and the Economics of Production," Volume II,
 

page 126.
 

http:equipme.it
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Table 1-45. Cameroon: 
 Maize Areas, Yields and Production, 1984
 

Percent of

Area Planted 
 Total 
 Maize Farmers


Province 1st 2nd Total Production Yield Fertilizinga

- ('000 ha)- ('000 ha) 
 ('000 mt) (kg/ha)
 

Extreme North 10.2 10.2
- 6,790 665
 
North 
 10.6 - 10.6 13,110 1,239

Adamaoua 23.8 
 0.1 23.9 43,310 1,811 -

East 8.5 4.7 13.1 
 25,420 2,012 10
 
Central 6.6 
 5.1 11.6 15,440 1,327 2
South 1.7 2.6
0.9 3,810 1,455 0

Littoral 
 6.1 0.9 7.0 6,900 983 10

South West 
 5.1 2.0 7.1 11,210 1,581 16
 
North West 54.4 5.5 
 60.0 168,990 2,820 19
 
West 55.7 3.9 
 59.6 112,760 1,894 34
 

182.7 23.0 205.7 408,740 1,987
 
a. 
Statistics given for number of food-crop farmers using fertilizer and total
 
number of maize farmers. Calculation made by assuming all food-grain farmers
 
are maize farmers. 
 This is not true in the northern provinces.
 

Source: Derived from 1984 Census of Agriculture.
 

Table 1-46. Cameroon: Comparison of Maize Figures
 

Census
 
1978/79 1979/80 1980/81 1981/82 1982/83 1984
 

Production ('000 mt) 401 408 411 
 425 491 400
 
Area ('000 ha) 537 545 496 
 439 454 206

Yield (kg/ha) 747 748 968
828 1,081 1,987
 
Source: 1978/79 to 
1982/83 from Ministry of Agriculture "Yearbook of Agricul

tural Statistics."
 



92
 

Table 1-47. Partial Budget for Maize 

Average yield (kg/ha) 
Returns at FCFA 60/kg (FCFA/ha) 

Without Fertilizer 

2,331 
139,920 

With Fertilizer 

4,980 
298,800 

Variable cost 
600 kg 20-10-10/ha at FCFA 40/kg 
Labor at FCFA 900/day (FCFA/ha) 

0 
0 

24,000 
3,600 

Net returns (FCFA/ha) 139,920 

a. Four workdays/ha for fertilizer application.
b. Benefit/cost ratio = 158,880/27,600 = 5.8 

Source: IRA. 

271,200 
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Maize is generally intercropped with other crops. Studies in the
 

North West Province, which has the largest area of maize, indicate that 95% of
 

the maize is grown with other crops although maize is the prime recipient of the
 

fertilizer which is applied to food crops.
 

Reports of applying fertilizer to coffee for the benefit of maize are
 

widespread. However, in the North West Province only an estimated 7% of the maize
 

is intercropped with coffee, and in the West Province, the other large maize area,
 

only an estimated 30% of the maize is intercropped with coffee. Thus the area of
 

maize that benefits from the fertilization of coffee is somewhat limited.
 

The Testing and Liaison Unit of IRA (TLU) conducted a study (reported
 

in their 1983 Annual Report) to determine the optimum level and timing of appli

cation of 20-10-10 compound fertilizer to maize. This is the only complete
 

fertilizer readily -vailable to farmers.
 

A partial budget analysis of 12 treatment rates was carried out. The
 

optimal fertilizer rate was 600 kg of 20-10-10 per hectare, all applied at
 

planting. A partial budget analysis of this rate of application is shown in
 

Table 1-47.
 

The IRA "COCA" variety showed a net benefit per hectare for the farmer
 

who switches from the production of the local variety without fertilizer to the
 

production of COCA using a moderate fertilizer rate. The report stated that 63%
 

of this increase can be attributed tc the influence of fertilizer on the per

formance of the improved variety. All fertilizer plots outyielded the unfer

tilized plots of the same variety including local varieties.
 

A NIDENO study ("Extension Service Survey 1984/85" May 1985, Planning
 

Evaluation and Monitoring Division) of 120 farmers who applied fertilizer to
 

both improved and local varieties of maize and 60 who planted local maize and
 

did not use 
fertilizer indicated that farmers who applied fertilizer to improved
 

maize achieved yiJplds of 1.71 nt/ha and farmers who applied fertilizer to local
 

varieties of maize achieved yields of 1.32 mt/ha. According to the study, "a
 

majority of the farmers who did not use fertilizer claimed that they did not use
 

fertilizer due to an absence of money, but 
a few of them still had a notion that
 

fertilizer was unnecessary."
 

Another report (MIDENO, 1983) states that although only 12.5% of
 

161 farmers surveyed used fertilizer on maize "the yield difference was very
 

marked, and was highly significant at the 99% level." However, a comparison of
 

yields was not presented. The report does state that the TLU 1982 farmer field
 

trials reported a 35% increase in yields from fertilizer on local maize.
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The 1984 Annual Report of the Farming Systems Program describes mixed
 

crop-maize variety trials in 
the North West and West Provinces. Fertilizer
 

(20-10-10) was applied at 250 kg/ha 
as a single dose at planting. The same
 
variety of beans was grown at the 
same seeding rate on all plots. Partial
 

budgets were developed to 
determine the net benefits from the additional use of
 
fertilizer. In some 
trials groundnuts were intercropped with maize. In general,
 
fertilizer applied to maize-beans was 
quite profitable, whereas the profitability
 
of fertilizing maize-groundnuts was 
not conclusive. However, fertilization of
 

local mai,c varieties in most 
cases was very profitable. Trials in various
 

areas :re described below.
 

I. Eastern Highlands (NWP)--The local variety with no 
fertilizer outperformed
 

all varieties with 
or without fertilizer. The average yield was only
 

slightly higher with fertilizer (22 kg/ha) although beans responded posi

tively and significantly to the moderate fertili.zer rate (average differ

ence of 125 kg/ha). The report indicated that little work has been done on
 

improved maize varieties in the high-altitude zone.
 

2. Ndop Plain (NWP)--The fertilizer effect on maize was 
significant at. the 1%
 

level, and variety of maize was less significant. Yields were 72% higher
 

with fertilizer than without fertilizer on 
the five varieties (1.76 versus
 

1.02). Fertilizer evet improved yields 
on the local varieties by 52%.
 

Beans were not affected by maize variety, but beans showed a positive
 

response to fertilizer (39%). 
 Net benefits from using fertilizer were
 

increased on all varieLies by an average of 37% 
(FCFA 91,865 versus
 

FCFA 67,012).
 

3. Bainenda Plain (NWP)--Maize and groundnuts were grown together. 
Fertilized 

maize resulted in shading the groundnuts and decreased groundnut yields 

although the reduction was not statistically significant. Groundnut prices
 

were eight times maize prices; thus, variations in groundnit. production had
 

a major effect on the economics. The most profitable situation tested did
 

not use 
fertilizer although there were only minor differences in total net
 

returns of both crops with and without fertilizer. 
4. Western High Plateau (WP)--Fertilized soils resultea in high maize yields,
 

but shading from fertilizer use again reduced groundnut yields. The effect 

of using fertilizer was not statistically significant. The report still
 

indicated that the marginal rate of return2 from using fertilizer on local
 

varieties was 16%.
 

2. Additional 
net benefit divided by additional variable cost.
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5. 	Menchum Valley (NWP)--This was a low-altitude treatment including maize and
 

groundnuts. There was not a significant response by fertilizer or by
 

variety with fertilizer. Groundnut yields 
were also not significantly
 

different. Using fertilizer on 
local varieties gave a marginal rate of
 

return of 35%.
 

Response curves were developed in the agronomic portion of this 
report
 
using data generated by IRA in recent research trials. Equations developed by
 

IFDC from these data are as follows:
 

1. 	Y = 
2,398 + 24.24 N - .081 N2 + 10.57 P 	 (Sanguere) R = .84 

2. 	Y = 2,709 + 47.18 N - .177 N2 
 (Touboro) R= .96
 
3. 	Y = 3,545 + 46.7 N - .183 N2 + 5.84 P 2
(Tchol.lire) R = .94 

4. 	Y = 3,325 + 36.04 N .170 N2 
 (Fignole) R2 = .80 
where 

Y = 	 Maize yield in kg/ha 

N = 	 kg of N/ha 

P = 	kg of P2 05 /ha 

All four of these trials were conducted in the North following cotton.
 

Partial budgeting was used to 
estimate the benefits of using fertilizer and the
 
associated costs. Benefit/cost ratios were also calculated. 
A comparison of
 

the different types of fertilizer was also made. Subsidized fertilizer was
 

priced 
at FCFA 120/kg as now charged by SODECOTON. Concessional fertilizer was
 

based on prices shown in Section II in Table Il-5. 
 Value of the maize was
 

priced at 
FCFA 89/kg, the average selling price in Cameroon in 1984 as indicated
 

by the Census. 
Average prices in the three northern provinces ranged from
 

FCFA 79/kg to FCFA 130/kg. Application rates used are those of SODECOTON which
 

recommends 
two bags of compound and two bags of urea sidedressed later.
 

The data indicate that fertilizer use on maize is very profitable even
 
if it is not subsidized. Benefit/cost ratios were at least 2.50 in all the
 

trials rnalyzed (Table 1-48). 
 The 	average B/C ratio using unsubsidized fertil

izer over all trials is shown in Figure I-1l; it shows no significali: difference
 
in profitability among the fertilizers analyzed. 
Small changes in prices could
 

make one fertilizer superior.
 

Unfortunately the data are from yields that are higher than farmer 

averages. However, this is an improved variety and researchers indicate that
 

these yields and results could be duplicated by farmers although it should be
 

noted that the B/C ratios are very high.
 



Table 1-48. 
 Net Returns and Benefit/Cost Ratios of Maize to N, P, and K After Cotton With an Additional

100 kg of Urea Sidedressed to All 
Applications 
 ... 

Yield at 
 Net Returns
Recommended 
 ?rice 
 Recommended 
 From Fertilizer Benefit/Cost Ratio
Trial Use 
 Subsidized Unsubsidized Rate 
 Subsidized Unsubsidized 
Subsidized Unsubsidized
 
- -(FCFA/product 
kg)-- (kg/ha) - - - - (FCFA/ha)- - - -

Sanguere
 

100 120 230
DAP 
4,104 117,874 100,274 
 4.47 2.94
10-30-10 100 
 120 190 
 3,819 92,476 78,876 
 3.72 2.66
15-15-15 100 
 120 204 
 3,734 84,940 69,940 3.50 2.43
20-10-10 100 
 120 
 191 3,751 86,449 72,849 
 3.54 2.53
22-10-15 
 100 120 207 
 3,778 88,834 73,634 3.61 
 2.50
 

Touboro
 

DAP 100 120 
 230 5,004 170,213 152,613 6.01 3.96
10-30-10 100 120 
 190 4,796 151,744 138,144 5.46 3.90
15-15-15 100 120 
 204 4,928 163,523 148,523 5.81 4.03
20-10-10 100 120 
 191 5,052 174,515 160,915 6.13 4.38
22-10-15 100 
 120 207 5,099 178,691 163,491 6.26 4.31
 

Tchollire
 

DAP 100 120 
 230 6,053 189,201 171,601 6.56 4.33
10-30-10 
 100 120 
 190 5,762 163,270 149,670 5.80 4.14
15-15-15 
 100 120 204 
 5,800 166,727 151,727 
 5.90 4.10
20-10-10 100 120 191 
 5,888 174,567 160,967 
 6.13 4.38
22-10-15 100 
 120 207 
 5,933 178,515 163,597 
 6.24 4.31
 

Fignole
 

DAP 100 120 
 230 4,935 109,311 87,311 4.22 2.56
10-30-10 100 120 190 
 4,810 98,176 84,176 3.89 
 2.75
15-15-15 100 120 204 
 4,891 105,362 88,562 4.10 
 2.74
20-10-10 100 120 
 191 4,963 111,793 97,593 4.29 
 3.02
22-10-15 100 120 
 207 4,990 114,153 96,753 4.36 
 2.88
 
a. This application plus 100 kg urea/ha.
 
Note: Fertilizer in the north is sold 
for FCFA 120,000/mt by SODECOTON. The fertilizer receives no subsidy from
 

FONADAR but is subsidized by SODECOTON.
 
Source: 
 Based on response curves developed by IFDC from IRA research data. 
 Maize prices are the average selling
price in Cameroon as reported in 
1984 Census of Agriculture. Nonsubsidized fertilizer prices were
 

estimated by IFDC.
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Figure 1-11. Maize Benefit/Cost Ratios After Cotton With 100 kg Compound Plus 100 kg Urea. 
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One of the problems in doing an economic analysis such as 
this is
 
selecting the actual crop price and fertilizer price use in the analysis. In
to 

this study we 
used a maize price of FCFA 89/kg. 
 This was the average price 
received by all Cameroon farmers in 1984 as indicated by the Census of Agriculture. 
However, Census statistics indicate that this price varied from a high of 
FC.A 143/kg in the South Province to a low of only FCFA 62/kg in the West. 
Undoubtedly variation within the provinces and in various months was even greater. 
We have selected the Touboro Province and done a sensitivity test on ;ow the B/C
 
ratio would be affected at various maize prices ranging from FCFA 30/kg to 
FCFA 140/kg (Table 1-49). Prices used were the SODECOTON concessionary price of 
FCFA 120 ,O00/mt, and the unsubsidized fertilizer price of FCFA 18 8 ,000/mt.
 
Fertilizer use was profitable at all prices within this 
range regardless of 
whether it was subsidized or not subsidized. 

Similiar response curves were developed that would be applicable for
 
the West, South West, and North West. Table 1-16 gives response curves obtained 
using data 
from IRA research 
trials which included different 
levels of fertilizer 

app l i cation. 

The following equations were developed:
 

Ekona 
 Y = 6,045 + 32.11 N - 0.144 N + 13.33 P R = .83 
Ntui Y = 5,637 + 3.78 N - 7.78 P R = .68 
Mbam Pboum 
 Y = 1,898 + 11.70 P - 0.039 P2 

. .068 NP R= .83 

Yaounde Y 3,504 + = 29.82 N 0.066 N2 + 49.22 P 

- 0.463 P2 - 0.116 NP R= .91
 
where 

Y = kg of maize/ha 

N = kg of N/ha 

P = kg of P2O 5 /ha 

Partial budgeting was used to estimate the benefits of using fertilizer 
and the associated costs. Benefit/cost ratios alsowere calculated. A compari
son of the different types of fertilizer was also made. These were not based on 
field trials but by calculating the yields that would attainedhe from the 
nutrienLs rontained in each fertilizer using the above equations. Fertilizer 
was price(d at the subsidized rate of price FCFA 40/kg as now charged to all 
farmers in Lhe:;e a reas by FONAI)' R. The maize was valued at FCFA 89/kg, the 
average s,e ling price in 1984 in Cameroon. The recommended application of 
250 kg of each fertilizer was used since the total purchase price would he the 
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Table 1-49. 	 Benefit/Cost Ratios From Using 100 kg 10-30-10
 
Sidedressed With 100 kg Urea at Various Crop

Prices on ilaize Based on Research Trials
 
Conducted at 	Touboro
 

Benefit/Cost 	Ratios

Maize Price 
 Subsidizeda 
 Unsubsidizedb
 
(FCFA/kg)
 

30 
 1.84 
 1.17
 
40 
 2.46 
 1.56
 
50 
 3.07 
 1.95
 
60 
 3.68 
 2.34
 
70 
 4.30 
 2.73
 
80 
 4.91 
 3.11
 
90 
 5.52 
 3.50
 

100 
 6.14 
 3.89
 
110 
 6.75 
 4.28
 
120 
 7.37 
 4.67
 
130 
 7.98 
 5.06
 
140 
 8.59 
 5.45
 

a. FCFA 	120,000/mt.
 
b. FCFA 	188 ,000/mt.
 

Source: 	 Based on response curves derived by IFDC from IRA
 
research data. Subsidized fertilizer prices based
 
on SODECOTON price. Unsubsidized prices based on
 
IFDC estimates.
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same. Since 10-30-10 is low in nitrogen, calculations were also made using
 
150 kg of this fertilizer and sidedressing with 100 kg of urea.
 

The data 
indicate that DAP (18-46-0) was the superior fertilizer in
 
the first three trials and had high B/C ratios in 
the Yaounde trials although
 
these were reached at less 
than 250 kg/ha (Table 1-50). Figure 1-12 illustrates
 
the average B/C ratio obtained in the four trials using subsidized fertilizer.
 
This emphasizes the need for 
a high-phosphate fertilizer for this area.
 

Because of this phosphate need, ammonium sulfate, which is 
the most
 
readily available fertilizer in 
the west, ranked last in benefit/cost ratios.
 
In the Ntui trial it was not profitable to 
use even when subsidized. The other
 
available fertilizers containing potash (20-10-10 and 
12-6-20) ranked relatively
 
low because of a lack of potash response. The highest yields, highest returns
 
from using fertilizer, and highest benefit/cost 
ratios based on the response
 
curves 
from these particular experiments would have been obtained from a high
phosphate fertilizer such as 
DAP, TSP, or--where potash levels are of 
concern-

10-30-10.
 

Again, one of the problems in doing 
an economic analysis such as this
 
is selecting the actual crop price and fertilizer price to use. In this analysis
 
we 
used ICFA 89/kg of maize because this was the average price received by all
 
farmers in Cameroon in 1984. 
 However, Census statistics indicate that this
 
price varied 
from a high of FCFA 143/kg in the Soith Province to a low of only 
FCI'A 62/kg in the West Province. Undoubtedly within the provinces the variation 
was even larger. We have selected the hbam Nboum trial (toward the bottom of 
the four trials in fertilizer response) and have run a sensitivity test using
 
maize prices from ["CFA 30 
to 140/kg and 10-30-10 sidedressed with 
100 kg of 
urea. With subsidized fertilizer (FCFA 40,000/mt) the use of fertilizer on 
maize is profitable within this range of maize prices. However, if we use 
unsibsidized fertilizer (FCFA 18 8 ,000/mt), maize prices must be FCFA 90/kg
 
before use of fertilizer is profitable (Table 1-51).
 

Rice
 

The Census indicates that 19,200 ha of rice was 
grown on 34,700 farms
 
in 1984 with an average yield of 2,626 kg/ha. 
 The best average yields are in
 
the three SERY loat ions in the North where production and fertilizat.ion are 

c;arefllly managed. 

RUsearchIby IP was carried out at Vounalom and Maga for loth wet and 
dry rice and also at Kosseri for wet rie to determine the response of rice to 
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Table 1-50. 
 Net Returns and Benefit/Cost Ratios of Maize at Ekona, Ntui, Mbam Mboum, and Yaounde
 

Use at 
 Yield at
Recommended 
 Fertilizer Price 
 Recommended
Trial Profit From Fertilizer Benefit/Cost Ratio
Rate Subsidized Unsubsidized 
 Rate 
 Subsidized Unsubsidized 
Subsidized Unsubsidized
(kg/ha) 
 - - - - FCFA/kg- -- (kg/ha) -  - - (FCFA/ha) - -  -

Ekona
 
0-46-0 250 40 
 204 7,578 116,433 75,433
10-30-10 250 40 190 

6.82 2.24

7,839 139,622 102,122 7.98 2.78


10-30-10 
 150
and Ir 
 40 

a 

188 8,657 212,481 175,481 11.62 4.08 
urea12-6-20 
 2'0 
 40 204 
 7,195 82,376 41,376 5.12
15-15-15 .jo 1.68
40 204 
 7,729 129,854 88,854
18-46-0 250 40 7.49 2.46
237 8,994 242,438 193,188 13.12
20-10-10 250 3.79
40 191 
 7,948 149,345 111,595 8.47
21-0-0 250 2.93
40 152 7,691 126,502 98,502
22-10-15 250 40 7.33 3.05
207 8,101 162,961 121,211 9.15
46-0-0 2.96
250 
 40 185 
 9,547 291,697 255,447 15.58 5.54
 

Ntui
 
0-46-0 
 40 204
250 6,535 56,698 18,628 3.98
10-30-10 250 1.31
40 190 6,318 40,342 2,842 
 3.02 1.05
10-30-10 
 150
and 100 
 40 188 6,221 31,681 - 2.58 -a 
urea


12-6-20 250 40 
 204 5,870

15-15-15 250 40 204 

479 -40,521 1.02 .34
6,074 18,582 -22,418 1.93
18-46-0 250 .63
40 230 
 6,705 74,767 27,267
20-10-10 4.74 1.40
250 40 191 6,024 14,132 -23,618
21-0-0 250 40 1.71 .59
152 5,838 
 -2,338 -30,338 .88
22-10-15 250 .37
40 207 
 6,042 15,814 -25,936 1.79
46-0-0 250 .58
40 
 185 6,075 
 18,688 -17,562 1.93 .69
 

Mllam Mboum
 
0-46-0 250 40 
 204 2,728 53,846 12,846
10-30-10 250 40 3.69 1.21
190 2,684 49,921 12,421 3.50 1.22
10-30-10 
 150
and] 100 
 40 188 2,532 36,442 -558 2.82 .99
 
ureaa
12-6-20 
 40 204
250 2,095 -2,438 -43,438 .88
15-15-15 .29
40 204
250 2.378 22,678 -18,322
18-46-0 250 2.13 .70
40 
 230 3,080 85,165 37,665
20-10-10 250 40 5.26 1.56
191 2,251 11,428 -26,322 1.57
21-0-0 250 .54
40 152 
 1,898 -20,000 -48,000 0
22-10-15 250 0
40 207 2,260 
 12,185 -29,565
46-0-0 230 40 1.61 .52
185 1,898 -20,000 -56,250 0 0
 

Yaounde
 
0-46-0 250 40 


2 50 204 3,041 b b
10-30-10 b b b
40 190 
 5,078 120,075 82,575 7.00
10-30-10 2.44
150 40 
 188 6,036 168,378 168,378 11.27 3.95

and urea


12-6-20 250 40 
 204 4,921 106,124 65,124 6.31
15-15-15 2.07
40 204
250 5,561 163,070 122,070 9.15
18-46-0 3.00
250 40 230 3,649 
 c 

191 5,626 168,869 131,119 9.44 


20-10-10 250 40 
c c c
 

21-0-0 250 3.27
40 152 
 4,888 103,144 75,144 6.16
22-10-15 250 2.57
40 207 5,726 177,765 136,015
46-0-0 250 41 9.89 3.20
185 6,067 207,524 171,687 11.38 4.04
 
a. 150 kg 10-30-10 and I00 kg urea.b. Unprofitable at this level of usage but B/C ratios of 8.2 and 4.1 were achieved at lower levels for subsidized and unslbsidized fertilizer, reslectively.c. Unprofitable at this level of usage but B/C ratios of 10.8 and] 4.9 were achieved at lower levels for subsidized and unsubsidized fertilizer, respectively. 
Source: Response curves derived from IRA dala. Maize prices based on Cameroon average as reported in 1984Census of Agriculture. Subsidized fertilizer prices based on official prices outside Douala.Unsubsidized prices based on IFDIC estimates. 
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Figure 1-12. Average of Ekona, Ntui, Mbam Mboum, and Yaounde (Maize Benefit/Cost Ratios With250 kg/ha). 
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Table 1-51. Benefit/Cost Ratio With Varying Maize
 
Prices Obtained by Using 150 kg/ha of
 
10-30-10 	and 100 kg/ha of Urea Based
 
on IRA Trials at Mbam Mboum
 

Benefit/Cost Ratios
 
Maize Prices Subsidizeda Unsubsidizedb
 
(FCFA/kg)
 

30 	 0.95 0.33
 
40 	 1.27 
 .45
 
50 	 1.59 .56
 
60 	 1.90 .67
 
70 2.22 	 .78
 
80 2.54 	 .89
 
90 2.85 1.00
 

100 3.17 1.11
 
110 3.49 1.22
 
120 3.81 1.34
 
130 4.12 1.45
 
140 4.44 1.56
 

a. FCFA 	40,000/mt.
 
b. FCFA 	188,000/mt.
 

Source: 	 Based on response curves developed by IFDC from
 
IRA data. Subsidized fertilizer prices are
 
official 	prices outside Douala. Unsubsidized
 
fertilizer prices were estimated by IFDC.
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nitrogen. The recommended fertilization for SEMRY irrigated rice is 90 kg of N
 

applied as urea in three applications.
 

IFDC developed response curves based on 
the raw data from this research. 

Tile five curves were: 

Vounaloum (dry) 2 2Y = 3.53 + .028 N - .000066 N R = .53 

faga (dry) Y = 2.26 + 0.2 N 2 2- .000048 N R = .30 

Vounaloum (wet) Y = 3.28 + .029 N 2 2- .000064 N R = .59 

Maga (wet) Y = 3.16 + .029 N - .000101 N R = .86 

Kousseri (wet) Y = 4.02 + .028 N - .000088 N R = .68
 

where
 

Y = rice yield in kg/ha
 

N = kg of N/ha
 

Net returns from using fertilizer were calculated on the basis of
 
partial budgeting prc_ edures and benefits and 
costs associated with fertilizer
 
use. Calculations were made with both subsidized 
urea (FCFA 40,000/mt) and
 

unsubsidized urea 
(assumed to be FCFA 185,000/mt). Rice prices used were
 

FCFA 80/kg, the price indicated by the 1984 Census.
 

In all trials both subsidized and unsubsidized urea had positive net
 
returns (Table 1-52). 
 All B/C ratios exceeded 2.86, indicating that it is very
 
profitable to use urea 
(Figure 1-13). However, all trials 
were done at high
 

levels of yields on improved varieties.
 

Sorghum 

The 1984 Census of Agriculture indicates that 365,400 farmers planted
 
a total. of 373,500 ha of grain sorghum/millet, almost double the maize 
area.
 

Production totaled 207,660 
nt, an average yield of 556 kg/ha.
 

IRA has conducted experiments on grain sorghum in the North. IFDC
 
estimated response curves from these data. 
 Three equations were fitted as
 

follows:
 

Bere Y = 2,445 + 22.03 N - .114 N2 R2 
 93
 

Sanguere Y = 2,950 + 30.12 N N2 +237
- .210 N + 13.72 P R= .62
Touboro Y = 1,247 + 28.03 N - .153 N2 + I0.II P 
22
 

+ 5.99 K - .121 NP R= .86 

where 

Y = Sorghum yields in kg/ha 

N = kg of N/ha
 

P = kg of P205 /ha
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Table 1-52. Responre From Using Recommended Application of 90 kg of N on
 
Irrigated Rice
 

Net
 
Returns From Fertilizer Benefit/Cost Ratios
Location Yield 
 Subsidized Unsubsidized 
 Subsidized Unsubsidized 

(kg/ha) - - - - (FCFA/ha) - - - -

Vounaloum dry 5,515 136,970 108,620 7.27 3.16
 
Naga dry 3,671 91,050 62,700 5.17 2.25

Vounaloum wet 5,372 145,530 117,180 
 /.67 3.34
 
Maga wet 4,952 121,530 93,180 6.57 2.86
 
Kousseri wet 5,827 122,730 94,380 6.62 
 2.88
 

Fertilizer subsidized price = FCFA 40,000/mt.
 
Fertilizer ansubsidized price = FCFA 185,000/mt.
 
Rice price = FCFA 80/kg.
 

Source: Response curves derived by IFDC based 
on IRA research data. Rice
 
prices based 
on 1984 Census of Agriculture. Subsidized fertilizer
 
prices based 
on price charged by SEMRY. Unsubsidized fertilizer
 
prices based on IFDC estimates.
 

Table 1-53. 
Response From Using 50 kg of Various Fertilizers on Sorghum
 
Price = 120 FCFA/kg product (SODECOTON price)
 

Fertilizer 
 Net Returns
 
Location Usage 
 Yield From Fertilizer Benefit/Cost Ratios
 

(kg/ha) (kg/ha) (FCFA/ha)
 
Be re
 

10-30-10 50 
 2,552 -5,728 0.64
 
15-15-15 
 50 2,604 -736 
 .95
 
18-46-0 50 
 2,634 2,144 
 1.13
 
20-10-10 
 50 2,654 4,064 1.25
 
22-10-15 50 
 2$674 5,984 
 1.37
 
46-0-0 
 50 2,891 26,816 2.68
 

Sanguere
 

10-30-10 50 
 3,293 16,928 2.06
 
15-15-15 
 50 3,259 13,664 1.85
 
18-46-0 50 
 3,496 36,416 3.28
 
20-10-10 
 50 3,289 16,544 2.03
 
22-10-15 50 
 3,313 18,848 
 2.18
 
46-0-0 
 50 3,505 37,280 
 3.33
 

Touboro
 

10-30-10 50 
 1,556 13,644 
 1.85
 
15-15-15 50 
 1,563 14,336 1.90
 
18-46-0 50 
 1,694 26,912 2.68
 
20-10-10 
 50 1,586 16,544 
 2.03
 
22-10-15 50 
 1,626 20,384 2.27
 
46-0-0 
 50 1,811 38,144 
 3.38
 
Source: Response curves derived by IFDC based on 
IRA research data. Sorghum


prices from 1984 Census of Agriculture. Fertilizer prices based on
 
prices charged by SODECOTON (FCFA 120,000/mt).
 



9 
LI Subsidized Unsubsidized 

8
 

6
 

.CD 
oCN 

3

0 
Vounaioom Dry Maga Dry Vounaloom Wet Maga Wet Kousseri Wet 

Figure 1-13. Rice Benefit/Cost Ratios (90 kg/ha of Urea Applied 3 Times). 
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K = kg of K/ha 

NP = kg of N/ha multiplied by kg P205/ha 

It was assumed that, 
since farmers in the North who purchase their
 

fertilizer from SODECOTON pay FCFA 120,000/mt for all fertilizers, the objective
 

should be to buy the fertilizer which gives the highest net return from its use.
 

Currently 50 kg/ha of urea is recommended. Sorghum prices of FCFA 96/kg were
 

used, which the Census indicates was the average price received in 1984.
 

Table 1-53 indicates that urea is the 
most cost effective fertilizer
 

for sorghum. Although fertilization with some fertilizers 
was quite marginal,
 

fertilization with urea 
in all three trials was quite profitable. The large
 

sorghum area, which is mostly unfertilized now, indicates there may be a large
 

potential in the North for urea. Although the trials were hased on 
high yields
 

in almost all cases, net returns could be increased by applying higher than
 

50 kg/ha.
 

Summary of Economics of Fertilizer Use
 

Arabica Coffee--Fertilization appears quite profitable with subsidized
 

fertilizer in two trials presented. 
B/C ratios computed for the first two
 

trials at recommended rates 
were 4.10 and 3.83. B/C ratios increased with
 

higher application rates. With unsubsidized fertilizer the B/C rates at the
 

recommended rates were 1.53 and 1.44, respectively. However, production costs
 

prepared by UCCAO show the profitability of Arabica coffee 
to be quite marginal.
 

Robusta Coffee--Fertilization appears less profitable than with Arabica
 

coffee. B/C ratios with the subsidy at the recommended rate were 2.85, 2.54,
 

and 2.06. 
 None of the trials showed the use of unsubsidized fertilizer to be
 

profitable. However, total production costs prepared by UCCAO indicate that the
 

profitability of producing Robusta coffee is more favorable than that of
 

producing Arabica coffee at 
the average yields and prices indicated by the 1984
 

Census of Agriculture.
 

Cocoa--Fertilization is apparently not favorable although the Census
 

indicates that 13,400 farmers fertilized cocoa in 1984.
 

Producer prices for Arabica coffee, Robusta coffee, 
and cocoa are all
 

well below the world market price, and increasing the percentage given the 

farmer would make fertilization of all three crops much more profitable. 

Maize--Fertilization appears very profitable. 
 In the northern prov

inces with the SODECOTON price of FCFA 120,000/mnt, B/C ratios were 3.50 
or
 

greater for five fertilizers analyzed over four locations. 
 In the southern
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provinces, ratios with subsidized fertilizer (FCFA 40,000/mt) were also quite
 

high. Use of completely unsubsidized fertilizer was also profitable, particularly
 

in the North. However, ratios for compound grades now sold in the West were
 

consistently lower. 
 Use of AS, the major fertilizer sold, was unprofitable in
 

one of the trials even when subsidized. 
 This points out the need for improved
 

fertilizer recommendations for maize in the West and North West Provinces.
 

Fertilizers with high phosphate contents 
were generally the most effective in
 

all trials in both the northern and southern provinces.
 

Rice--Fertilization with subsidized urea 
at the recommended rate
 
showed B/C ratios of 5.17 or higher in the five trials. Rice fertilization
 

would also be very profitable even if unsubsidized.
 

Sorghum--Fertilization with urea at 
low application rates generally
 

had B/C rates exceeding 1.0. Very little sorghum is 
currently fertilized.
 

However, because of the large 
area grown and the government's desire to increase
 

food grain production, sorghum could offer a large market potential..
 

Cotton--Data 
to develop response curves for cotton were not available.
 

However, because of the high price received for cotton and the technical assis

tance provided by SODECOTON4, it is believed that fertilization of cotton must
 

show very favorable B/C ratios.
 

Past research has been carried out 
generally with monocropping, with
 

improved varieties, and at yield levels higher than those achieved by most
 

farmers. 
 More research is badly needed under farmers' field conditions and with
 

both local and improved varieties to further validate such an analysis as 
that
 

just given. Yields and prices of crops can vary greatly from one region to 
another and from year to year, and this can greatly affect the benefits farmers 

obtain from fertilizer use. 

Research as Related to Increased Fertilizer Use Efficiency
 

The World Bank (1984) in the publication "Toward Sustained Development
 

in Sub-Saharan Africa" states 
that agricultural research is failing to "provide 

adequate support for producers of both food and export crops." 

The crops that have been studied in detail over the years in Cameroon 

are the industrial and export crops--namely, oil palm, rubber, banana, pineapple,
 

tea, tobacco, and sugarcane, all of which 
are grown under plantation conditions-

and coffee, cocoa, and cotton, which are grown by the small farmer. 
However, 

all of these crops are grown in pure stands for research purposes.
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In Cameroon, USAID has paid particular attention to food crops support
ing cereal research as well as research 
on soybean through INTSOY, research on
 
the whole range of semiarid crops through SAFGRAD, and finally, through its
 

support of IRA cropping systems research, covering the major crops and farming
 

systems of Cameroon. By its support of the niversity of Dschang, USAID is
 
assisting 	in the development of a strong national agricultural expertise.
 

The poor fertility levels of Cameroon soils 
mean that the goal of
 
increasing crop yields can only be achieved by the rational 
use of fertilizers
 

and complementary mineral treatments with limestone and dolomite to 
correct the
 

adverse effects of soil acidity and aluminum toxicity. Applied soil fertility
 

research, therefore, must be a priority.
 

The wide range of agroenvironmental conditions in Cameroon and of
 
soil-related ].and qualities leads 
to a particularly complex situation when
 

attempts are made to relate these to the multitude of local cropping systen's and 
to interpret the data in 
terms of the growth and productivity of crops. At the
 
very best, only locale-specific studies linking soil 
and climatic variables with
 

the productivity of specific food crops have been made.
 

The scientific basis of moving soil fertility research work into the
 
field without endless local 
repitition of work needs to be strengthened. The
 
danger also exists that the research workers will become locked into studying
 

systems that could be swept aside by the advent of one 
high-yielding variety of
 

a cash crop.
 

Work on 
fertilizer response in mixed cropping (traditional) systems
 

has only just begun, and at this stage it 
seems to be beyond the capabilities of
 
the scientists to achieve any major worthwhile breakthroughs despite the optimism.
 

Mixed stands of maize and groundnuts, for example, are known to give
 

greater output per unit area 
than pure stands, i.e., technically, the land
 
equivalent ratio is greater than one. 
 But this is only when maize and groundnuts
 

are grown in lines, giving what in effect is a significant area of two inter

cropped monocrops. JITA with its development of alley cropping has in effect
 

also pointed itself in the direction of relatively significant areas of sole
 

crops.
 

This alley cropping approach could have a major implication for tie
 
Arabica coffee growers. Early recommendations for the spacing of Arabira were
 

2 x 2 m. 	 This spacing, given the use of the recommended cultural practices, 

produced maximum returns per hectare. Intercropping the coffee with traditional 

crops remained the practice of those small farmers who adopted coffee, but there 

was no doubt that coffee was the cash crop and came first. As prices of food 
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crops (particularly maize) have risen, coffee has become 
a secondary consideration
 

to many growers, and now many Arabica plantations look more like maize and
 
vegetable plantations with severely pruned Arabica intercropped. For this
 

reason, alley cropping of maize and vegetables within rows of more closely
 

spaced Arabica could be attractive.
 

The alternative will surely be that, as higher yielding maize varieties
 
are bred, in some areas sole maize cropping within a rotation of maize-leguminous
 

crop (such as 
groundnut) and/or vegetables ill develop and coffee production 

will be abandoned. 

There are many areas of the world where farmers have moved faster than 
the research and extension staff, and where they have not, the reason is more 

often socioeconomic than technical.
 

Research Priorities for Cameroon
 

General Research Issues on Policy Options--Issues and policy options
 

for the whole range of major factors impacting soil fertility research were
 

developcd at the IFDC/IRA workshop in Douala in January 1985, 
and the most
 

pertinent of these are presented be!ow.
 

I. Issue--National research and extension organizations are 
either not involved
 

in developing or are not 
fully informed of national policy decisions affect

ing crop and input procurement and marketing strategies.
 

Policy Option--information on government plans to produce or procure and
 

market food and fertilizer products should be directed to 
research and
 

extension organizations so 
that research and farmer assistance activities
 

and farmer recommendations can 
be tailored to the changing situation. 

Particularly, changes in fertilizer products to be imported or produced 

nationally should be fully discussed, and needed programs of research and 
farmer education on the use of the new products should be given priority. 
Crop and input price changes must be made well ahead of the start 
of the
 

crop season because they may well affect fertilizer recommendations and
 

farmer plans.
 

2. Issue--Fertilizers are a key item in plans for self-sufficiency in food 

crops, but their use must be economic. Crop price changes have a greater 

effect on fertilizer use than do fertilizer price changes. Research must
 

monitor in detail farm-level costs of production and farm budget changes.
 

3. Issue--Farmers exploit the land and the natural 
fertility of the soil for
 

gain (food or profit). Long-term adverse effects of agricultural exploita

tion on soil productivity are of major concern.
 



PolicyOgtion--Farm ownership patterns and the 
returns from farming should
 

be such as to encourage good farming practices. found soil and water
 

management practices, including drainage and erosion control measures, must
 

be developed and applied as nationally supported programs. Strong research 

and extension programs are also needed to ensure increasingly better crop 

yields based on improved soil fertility. Fertilizer efficiency research in 
terms 
of improved products and application practices--form, rate, timing, 

and placement--is needed and must be integrated with good soil fertility 

management practices.
 

4. Issue--The soils of Cameroon are, in general, 
low in fertility. Increased
 

crop production is possible by increasing crop areas and yield per unit
 

area. In either case, it is essential to maintain and, if possible,
 

increase soil productivity.
 

Policy Option--Effective use of organic materials, biologically fixed
 

nitrogen, and fertilizers is needed to achieve these 
two objectives. Only
 

sound government agricultural policies will encourage the farmer to maintain
 

or increase the fertility of his fields.
 

5. Issue--Adverse soil conditions due to soil acidity and low base status 
are
 

endemic in Cameroon. These adverse conditions can reduce the efficiency of
 

applied fertilizers, while fertilizers themselves may aggravate the acidity
 

problem.
 

PolicyOption--National programs are needed to ensure that the adverse
 

effects of soil 
acidity and base depletion associated with fertilizer use
 

do not reduce crop yields or decrease soil productivity. These programs
 

must be based on research aimed at the economic use 
of basic materials.
 

Potential 
use of national limestone resources for converting agricultural
 

lime products should be evaluated and exploited where feasible.
 

6. Issue--The desired level of integration of research, extension, and farmer
 

knowledge is rarely achieved.
 

Policy QLtion--Institutional 
 structures and linkages and individual atti

tudes must be changed so that farm-level development is clearl.y seen as the 

ultimate objective of both research and extension organizations. 

7. Issue--Farmer education is a monopoly of variou; agencies.
 

Policv-pOLtion--The commercial 
 sector is capable of supporting, in a comple

mentary way, extension activities aimed at the dissemination of product 

knowledge, e.g., the types, rates, and methods of application for efficient 
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fertilizer use when used as 
a component of a crop production package.
 
Demonstrations, mini-kit schemes, and publicity campaigns 
run by the
 
commercial 
sector can strengthen the 
impact of the government extension
 

service.
 

8. Issue--Organic matter recycling and the use of organic manures, although
 
proven to he desirable in maintaining and improving soil 
fertility, are not
 
farming techniques achievable by sedentary farmers, particularly in the
 
drier areas. Organic materials either do not exist 
in the required quan
tities or their transfer to the field is 
too labor intensive, unless 
asso

ciated with livestock movement. 

Policy p.tion-- n problem areas biormass production must be increased over
 
the short term. Research should be directed toward shifting the dynamics
 
of soil 
organic matter and plant nutrients in farmers' fields 
in a positive
 

direction and 
in a way that is economic and practicable.
 

9. Issue--,arming systems and cropping systems 
research is complex and long
 
term. Short-ternm increases in 
farm-level productivity are needed.
 

PolicySItion--If low levels of soil fertility are holding down produc
tivity, then research must identify or develop a point in the system where
 
the introduction of fertilizer treatments 
can b. seen by the farmer to be 

of vailue. 

10. issue--Fertilizer use recommendations must become more site- and situation

specific in order 
to be cost effective.
 
Polioy Opjion--On-farm research is still generally the monopoly of the
 
cropping systems research teams. 
 More awareness of farr,-level fertility
 
problems and the role of fertilizers in correcting these problems can be
 
achieved by actively involving soil fertility researchers with the cropping
 
systems research fieldwork. Land capability maps, 
field experimentation,
 
and supporting analytical services 
are needed to refine fertilizer recom
mendaLions. 
 In the development of such recommendations, economic and 
sociological factors must he taken into account, particularly in, terms of
 
investment risk and land ownership patterns.
 

11. Issu--lertilizer research is generally aimed at increasing the yield of
 
only a portion of Lile total crop; 
this is particularly true in time case of 
grain crops althtough farmers also value the leaves and stalks.
 
Policy OtJion--The effect of fertilizers 
on the components ol yield and lhe 
vegetative composition of the crop must he more fully understood. Fertilizer
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response work must 
integrate both the crop physiology and soil fertility
 

aspects of crop yields.
 

Fertilizer-Specific Research Needs
 

In addition to ongoing research in 
the area of soil fertility, specific
 
items needing urgent attention will be identified from time to time. Those that
 

need immediate attention at 
this stage are described below.
 

1. a. Urea will increasingly replace ammonium sulfate, which will be used
 

only where sulfur is known to be deficient and then primarily with the
 

objective of meeting sulfur needs.
 

Urea may lose a considerable portion of its nitrogen when it 
is
 

applied to the soil surface (or in the case of irrigated rice dissolved 

in the floodwater). Under the rainy conditions of the east, south, 

and west, applicatioL just before rain is expected will probably be 
adequate to eliminate or reduce ammonia volatilization losses. During 

dry periods, however, unless the urea is thoroughly mixed with the
 

soil, losses could be high. Studies should be made of the degree of
 

loss from si'rface-applied urea and where risks of loss 
are high and
 

surface incorporation is not possible, the use of split doses of 
urea
 

or of urea solutions should be evaluated.
 

b. Diammonium phosphate can 
lose ammonia also when applied on the soil 

surface. Studies similar t, these for urea are needed. 

c. Soil acidity and aluminum toxicity can 
limit crop yields.
 

A combined research/demonstration program using simple kits should be 
developed to show farmers the losses of fertilizer efficiency occuring when 

nitrogenous and phosphatic fertilizers are incorrectly used and also the 
adverse effects of soil acidity and aluminum toxicity. These kits should 

also demonstrate the danger of seedling toxicity when fertilizers, particu

larly urea and DAP, are incorrectly placed. 

2. Two pthosphate products have a role to play in Cameroon agriculture--MAP and 

DAP. Although very high in phosphate, the two materials are chemically 

very di fe rent. Comparisons of the efficiency of MAP and D}AP under widea 

range of soil conditions should be made. These should be done first as pot 
experiments, with field experiments being developed following analysis of 

the results. 
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3. Correct fertilizer placement and timing are critical. Research results
 

should evaluate labor costs in relation to 
correct timing and placement and
 

the resultant benefits 
in terms of crop yields.
 

4. 
Maximum yield data (plant population, date of planting, variety, fertilizer
 

treatment, etc.) should he obtained for the 
key cash crops. This informa

tion should be widely distributed by the extension service as 
an encourage

ment to move toward multiple line planting and 
to stimulate interest in
 
fertilizer use. 
 Farmer competitions for maximum crop production/unit area
 

performance should also be encouraged, and the techniques of the winning
 
farmers should be fully discussed by subject matter specialists on the
 

radio.
 

5. Mineral nutritional status 
surveys of the key cash crops should be regularly
 

undertaken; both soil and plant tissue analyses should be 
used for the
 

information base. 
 These could be done at carefully selected benchmark 

sites with satellite sampling areas. 

Such work is predicated upon functioning sampling, sample preparations,
 

and analytical and interpretative services using a computerized data base
 
managed by 
a biometrician trained in modern statistical methodologies as
 

they relate to total cropping systems.
 

6. 
The economics of fertilizer use should be continually monitored using
 

actual farm-level data.
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SECTION I
 

CAMEROON AGRICULTURE AND FERTILIZER USE
 

PART II--HISTORICAL AND FUTURE TRENDS IN FERTILIZER CONSUMPTION
 

Historical Fertilizer Consumption
 

There is no 
one agency in Cameroon that maintains official statistics
 
of fertilizer consumption. Data on subsidizied deliveries 
(not consumption) for
 
the past 10 years can be 
obtained from the DIRAGRI in the Ministry of Agriculture.
 

Actual product consumption for 1982/83 and 1983/84 was 
reported by several of
 
the parastatals to the Ministry of Agriculture, Division of Agricultural Statis
tics. Data 
on product imports (some years by agency) can be obtained from
 

private importers. Some import statistics by product are also available from
 
Customs and the National Statistics and Accounting Office but are 
not complete.
 
Some agencies maintain data on a calendar year, some on 
a July-June year
 

(government), and some on an October-September year.
 

Losses of imported fertilizer are high, and out-of-condition products
 
resulting from high rainfall during certain periods make some delivered products
 
unusable. There is 
a large tonnage of "soupy" unusable products at the FONADER
 
warehouse in Bonaberi 
that were imported but never delivered. Some agencies
 

such as SODECOTON import fertilizer one year in advance in order to ensure 
their
 
supplies. Data on 
stocks by years were very limited at all agencies visited.
 
All of these factors make it difficult to accurately determine historical fer-

Lilizer consumption, particularly by product. 
Most studies in the past, becausc
 
of these complexities, overestimated current consumption, and as 
a result projec

tions made from these data were also overestimated. 
 Also, because two distinct
 
fertilizer sectors now exist 
(subsidized and unsubsidized), some studies have
 
erroneously added the subsidized usage anrd 
the agro-industrial usage together.
 
This results in double counting as some agro-industrial parastatals receive
 
subsidized fertilizer. 
We do not claim that our consumption estimates are free
 

of all the above problems, but we 
do believe that they are reasonably accurate.
 

The amount of fertilizer subsidized in Cameroon has increased from 
14,807 mt in 1974/75 (1975) to 65,313 mt in 1984/85 (1985) according to Ministry 
of Agriculture records 
(Table 1-54). This represents an annual growth rate of 16% 
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Table 1-54. Subsidized Fertilizer Deliveries
 

Year Grade mt Cost/mt 
Price/ 
mt 

(FCFA) (FCFA) 
1974/75 AS 66,140 36,000 

NPK - 83,545 45,000 

Total 14,807 

1975/76 AS - 66,140 30,000 
NPK - 83,545 45,000 

Total 18,000 

1976/77 AS 15,458 75,000 30,000 
NPK 13,102 95,500 36,000 
Divers 3,215 - _ 

Total 31,775 

1977/78 AS 22,375 48,000 26,000 
NPK 13,000 65,800 32,000 

Total 35,375 

1978/79 AS 20,680 51,376 26,000 
NPK j18P 74,108 32,000 

Total 38,680 

1979/80 AS 24,500 57,500 28,000 
NPK 10)000 82,500 32,000 

Total 34,500 

1980/81 AS 30,000 62,375 28,000 
NPK 10 89,495 32,000 

Total 44,000 

1981/82 AS 20,000 57,700 35,000 
NPK 22)000 77,500 35,000 

Total 42,000 

1982/83 AS 38,000 53,850 40,000 

NPK 40P000 79,730 40,000 

Total 78,000 

1983/84 AS 35,000 55,250 40,000 
NPK 45,000 89,000 40,000 
Urea 2_826 - 40,000 

Total 82,826 

1984/85 AS 18,000 70,000 40,000 
NPK 32,313 114,000 40,000 
Urea 15)000 - 40,000 

Total 65,313 

Souce: Ministry of Agriculture. 
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during this period. 
 However, part of this growth represents agencies such as
 
SEMRY and SODEBLE that received unsubsidized fertilizer in the past but are now
 
receiving subsidized fertilizer. 
 Similar figures for the unsubsidized sector
 
for the past 10 years are not 
available, but this unsubsidized use has been more
 

constant because the growth in 
use by the export crop parastatals such as
 
SODECOTON, CDC, etc., 
has been offset by other agencies that now obtain subsi
dized instead of unsubsidized fertilizer. 
We would estimate that nonsubsidized 

use has ranged from 35,000 to 45,000 product mt in recent years. 

Total fertilizer consumption in the past 5 years has increased from 
almost 85,692 mt in 1980/81 (1981) 
to 105,056 mt in 1984/85 (1985) according to
 
consumption figures that II'DC has compiled by agency (Table 1-55). 
 This repre
sents an annual 
growth rate of 5.2% during this period. However, most of this
 
growth occurred in the subsidized sector between 1981/82 and 1982/83 when subsi
dized sales increased sharply (78,439 mt versus 58,569 mt) despite a 14% 
increase
 
in the subsidized price. Product growth since 
1982/83 has stagnated. Because
 
of a lack of adequate funding for subsidized fertilizer in 1984/85, total con
sumption of all fertilizer products in Cameroon declined from 124,066 mt 
the
 
previous year to 105,056 mt, a decline of 
15% even though subsidized prices
 

remained unchanged. 

Fertilizer Product and Nutrient Use 

Fertilizer consumption by product is 
shown in Table 1-56. In 1980/81
 
ammonium sulfate was the leading fertilizer consumed in Cameroon and represented 
almost 40% of total consumption. Consumption of ammonium sulfate in 1984/85 was 
half that of 1980/81 and now represents only 16% of the total consumption. 
Consumption of urea has grown significantly during this period, particularly in 
1984/85. Another fertilizer with a rapid growth in use has been 20-10-10 

although its use declined significantly in 1984/85 because of funding problems
 
in the subsidized sector. 
 However, last year (1983/84) it represented 38% of 

total product consumption. 

Total nutrient consumption since 1980/8i has increased from 31,803 mt 
to 42,890 mt in 1984/85 for a growth rate of 7.8% annually (Table 1-57). As 
with products, nutrient growth has stagnated since 1982/83. However, in 1984/85 
product growth dropped 15% while nutrient growth declined less than 6% as farmers 
used higher analysis products. In 1980/81 the average product contained 37,, 
nutrients, and in 1984/85 the average nutrient content 
was 41%. This trend to 
higher analysis fertilizers is expected to continue. 
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Table 1-55. 
 Historical Fertilizer Consumption by Agency and Province
 

1981 1989 1983 1984 1985 

Center and South Provinces 
------------- (mtof product) 

DIRAGRI (SOA) 
DPA (C&S) 
DPACS 
ELITES 
MIDEVIV 
MIDO 
CENEEMA 
MISSION CATHOLIC 
OMBESSA 
UNSPECIFIED 
DPA SOUTH 

0 
0 
0 
0 

337 
0 
0 
0 
0 

374 
0 

0 
0 
0 
0 

301 
0 
0 
0 
0 

290 
0 

25 
0 

145 
0 

415 
190 
0 

30 
190 
0 
0 

0 
637 
0 

66 
422 
250 
225 
30 
47 
0 
0 

0 
617 
0 
0 

287 
38 
0 
0 
0 
0 
2 

Subtotal 711 591 995 1,677 994 

West Province 
UNSPECIFIED-W 
COOPAGRO 
DPA-WEST 
SODERIM 
UCCAO 

2,800 
0 
0 
0 

20,516 

0 
0 
0 
0 

30,276 

0 
0 
0 

87 
27,000 

0 
2,000 
2,605 

719 
30,000 

0 
0 
0 

600 
20,296 

Subtotal 23,316 30,276 27,087 35,325 20,896 

East Province 

CFSO 
DPAE-EAST 
FOPAYONO 
S.A. KADEY 
UNSPECIFIED 
ZAPI-EST 
CAMSUCO 
SOSUCAM 
SCT 

860 
0 
0 
0 

1,273 
1,178 
2,897 
2,239 

55 

825 
0 
0 
0 

1,620 

0 
2,897 
2,239 

55 

950 
370 
50 
20 
0 

815 
3,679 
2,239 

55 

940 
370 
0 
0 
0 

1,294 
4,160 
1,999 

55 

900 
320 
0 
0 
0 

205 
3,160 
1,840 

55 
Subtotal 8,502 7,636 8,178 8,818 6,480 

Northern Provinces 

DPA ADAMOU 
DPAN 
MISSION BENOUE 
PROJECT KENAF 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

70 

0 
400 
900 
100 

150 
0 

50 
50 

SERY 
SODEBLE 
UNSPECIFIED-NORTH 
SODECOTON 
WEKWA (CENTRE) 

2,140 
291 
685 

14,623 
0 

2,950 
2,027 

40 
12,304 

0 

3,682 
2,214 

0 
16,782 

0 

4,139 
1,729 

15 
17,501 

0 

4,504 
350 
0 

22,020 
60 

Subtotal 17,739 17,321 22,748 24,784 27,184 

(Continued)
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Table 1-55. Historical Fertilizer Consumption by Agency and Province (Continued)
 

1981 1982 1983 1984 
 1985
 
- ------------ (mt of product)----------


Littoral Province
 

ANACAM 
 200 200 
 200 200 200
LITTORAL COOPS 
 0 0 27,210 4,950 16,668

PLANTERS (DPAL) 
 0 0 0 19,935 0
SODENKAM 1,400 1,400 1,400 1,400 
 1,024

STOCKS 
 0 0 0 
 0 3,623

UNSPECIFIED-L 
 12,081 11,600 0 
 0 0
BONABERI SALES 
 0 0 0 
 0 5,742

SOCAPALM 3,615 2,500 3,720 2,039 
 4,060
HEVECAM 1,750 2,010 2,690 2,600 
 2,510
OCB 2,800 2,800 2,800 1,780 
 1,780

SAFACAM 
 655 655 469 
 655 655
SPFS 
 190 190 
 190 240 240
FONADER CLIENTS 
 502 600 0 0 0
 
Subtotal 23,193 21,955 38,679 
 33,799 36,502
 

South West Province
 

SW COOP 
 600 1,750 3,000 2,510 2,918

DPASO 
 0 0 
 0 950 950
CDC 4,063 3,963 3,863 3,067 
 2,708
PAMOL 23004 29 1497 2,198 
 11696
 
Subtotal 
 6,667 8,107 8,360 8,725 8,272
 

North West Province
 

DPANO 
 0 0 0 5,800 0
NWCA 0 0 9,500 3,823 4,514

UNSPECIFIED 
 5,400 4,100 0 
 0 0
UNVDA 
 125 525 635 
 716 195
WADA-WUM 
 _ 39 65 241 600 19
 
Subtotal 
 5,564 4,690 10,376 10,939 4,728
 

TOTAL 
 85,692 90,576 116,423 124,066 105,056
 

Note: Some agencies shown as 
not consuming subsidized fertilizer in some years

may have gotten supplies from another agency rather than directly from the
 
Ministry of Agriculture.
 

Source: IFDC Survey, November 1985.
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'able 1-56. Cameroon: Total Fertilizer Consumption by Product,
 
1980/81-1984/85
 

1980/81 1981/82 1982/83 1983/84 1984/85 
------------------- (mt)- - ----------

21-0-0 (AS) 32,569 27,616 42,062 38,677 16,368 
20-10-10 14,403 31,930 36,540 47,042 27,439 
12-6-20 0 0 30 50 11,812 
Urea 6,752 4,323 6,868 9,400 16,704 
Phosphate rock 2,036 2,794 3,311 2,775 2,899 
DAP 1,857 2,346 1,864 2,073 1,506 
TSP 38 114 232 322 364 
KCl 10,258 9,182 9,162 8,493 8,653 
10-10-20 550 400 790 300 940 
SSP 36 36 36 36 10 
K 2 SO4 10 10 10 10 10 

18-9-9 5,000 0 0 0 0 
15-15-15-6S-IB 0 0 13,794 12,924 4,354 
15-20-15-6S-lB 12,183 10,151 0 0 6,354 
22-10-15-6S-lB 0 0 0 758 7,643 
6-20-20 0 1,374 1,724 1,206 0 
10-30-10 0 300 0 0 0 

TOTAL 85,692 90,576 116,423 124,066 105,056 

Note: Statistics include only products containing N, P, or K. Micronutrients
 
and other fertilizer products such as kieserite and dolomite are not included.
 

Source: IFDC Survey, November 1985.
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Table 1-57. Fertilizer Nutrient Consumption, 1980/81-1.984/85
 

Nutrient 	 1980/81 1981/82 1982/83 1983/84 1984/85
 

--- ----------------------(mt)-- - -----------

N 15,043 16,271 21,891 24,441 21,679 

P205 
K20 

5,872 
9,988 

7,605 
10,615 

8,113 
11,734 

8,934 
122168 

7,967 
13,243 

Total 31,803 34,491 41,738 45,543 42,890 

Product
 
tons 85,692 90,576 116,423 124,066 105,056
 

% nutrients 37 38 36 
 37 41
 

Source: IFDC Survey, November 1985.
 

Table 1-58. Cameroon Fertilizer Nutrient Consumption
 

Year N P20 K2 0 Total
 

---------------------- (mt)--------- -- --

1973/74 9,326 
 2,304 4,550 16,180
 
1974/75 
 9,763 2,128 4,763 16,654
 
1975/76 6,100 3,000 
 3,100 12,200
 
1976/77 4,000 
 2,171 6,878 13,049
 
1977/78 14,600 /,000 12,400 
 34,000
 
1978/79 15,400 6,900 13,300 35,600
 
1979/80 14,200 5,508 12,900 32,608
 
1980/81 18,100 7,312 10,270 35,682
 
1981/82 22,700 7,300 10,200 40,200
 
1982/83 24,200 5,200 10,500 39,900
 
1983/84 12,800 4,500 16,000 38,300
 

Note: 	 Phosphate statistics do not include rock phosphate. This would have
 
added about 900 mt of P205 in 1983/84.
 

Source: FAO fertilizer tape as compiled by TVA.
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Fertilizer nutrient consumption as reported by FAO for Cameroon during
 
the past 10 years is shown in Table 1-58. These data indicate that for the past
 
10 years nutrient consumption has increased by an average of 9.0%/year. 
Agency
 
product data shown in Table 1-58 indicate that N consumption is higher than that
 
reported by FAO. 
Total nutrient consumption is considerably below the levels
 
indicated by the IFDC survey which is shown in Table 1-57.
 

In 'fable 1-55 consumption of fertilizer was 
shown by the agency from
 
which it was purchased. These same data 
are summarized by Province in Table 1-59.
 
Most of these agencies such as the co-ops, DPA's, etc., 
obviously do not consume
 
fertilizer (some such 
as CDC, etc., do) but instead resell the fertilizer to
 
farmers. A comparison of the 
 fertilizer consumption data based on direct move
ments from Bonaberi with those data obtained by field survey during the 1984
 
Agricultural 
 Census indicates that a substantial secondary movement of fertil
izers (6,000-12,000 nit) must occur 
from the Littoral to the West Province. Thus
 
a substantial quantity of the sales from Bonaberi and other places in the Littoral
 
Province may he sold for use in other Provinces.
 

The Provincial Delegate of Agriculture in January 1986 confirmed the
 
figures shown in Table 1-55. 
 The 1984 Census data, which are based 
on where the
 
fertilizer is used, indicate that 
the consumption in the Littoral Province was
 
lower than indicated by the IFDC survey (which is based on where purchased) and
 
that consumption in the West was 
higher. 
We suspect that 6,000-12,000 mt of
 
fertilizer is purchased in the Littoral Province and used in the West each year,
 
but we are 
unable to confirm this.
 

In 1984/85, approximately 64,332 product mt of subsidized fertilizer
 
and 40,724 mt of unsubsidized fertilizer were 
consumed in Cameroon (Table 1-60).
 
Subsidized fertilizer use was down sharply from 87,772 mt the previous year.
 

The 1984 Census of Agriculture indicated that 375,600 farmers in
 
Cameroon used 140,240 product mt of chemical fertilizer in 1984 (Table 1-61).
 
With a total. of 1.15 million farms, 
this means that fewer than one-third of the
 
farmers use fertilizer. Although the Census total 
is more than was imported, 
the figures give some additional insight on use by Province and use per farm.
 

Totais from the 1984 Census of Agriculture on fertilizer use and from 
the JFDC 1985 survey of consumption by Province, based on point of purchase, can 
be compared (Table 1-62). '[he major differences are in the West Province where 
UICCAO is the principal supplier. Figures provided by UCCAO to IFDC in November 
1985 indicate that 20,300 nt was used by their customers in 1985. However, in 
Table 1-62 consumption based on point of purchase in the Littoral Pr,'vince was 
33,799 mt versus census figures based on point of use of 21,050 mt. This means 
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Table 1-59. Historical Fertilizer Consumption by Province Based on Where
 
Purchased
 

Province 1980/81 1981/82 1982/83 1983/84 1984/85 
------------------- (mt)-.------ - -------

Center and South 
West 
East 
Northern 
Littoral 
South West 
North West 

711 
23,316 
8,502 
17,739 
23,193 
6,667 
5,564 

591 
30,276 
7,636 

17,321 
21,955 
8,107 
4$690 

995 
27,087 
8,178 

22,748 
38,679 
8,360 
10,376 

1,677 
35,324 
8,818 

24,784 
33,799 
8,725 
10,939 

994 
20,896 
6,480 

27,184 
36,502 
8,272 
4,728 

Cameroon 85,692 90,576 116,423 124,066 105,056 
Note: 	 Fertilizer may be purchased from an agency in one province and used in
 

another. Consumption in the West Province may be understated 6,000
12,000 mt and overstated in the Littoral Province by the same amount
 
because of this.
 

Source: IFDC survey, November 1985.
 

Table 1-60. Subsidized and Unsubsidized Fertilizer Usage by Province, 1984/85
 

Province Subsidized Unsubsidized Total 
----------  -------------- (mt)- - - - - - - - - - - - -

Center and South 994 0 994 
West 
East 
Northern Provinces 
Littoral 
South West 
North West 

20,896 
1,425 
5,164 

27,257 
3,868 
4,728 

0 
5,055 

22,020 
9,245 
4,404 

0 

20,896 
6,480 

27,184 
36,502 
8,272 
4,728 

Cameroon Total 64,332 40,724 105,056 

Source: IFDC survey, November 1985.
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Table 1-61. Census Estimates of Chemical Fertilizer Use, 1984
 

Province Farm Using AS/Urea Compound Other Total kg/Farm 
- ---------------- (mt) . ....--------------

Extreme North 97,100 4,920 7,940 80 12,940 133
 
North 57,200 3,220 
 9,850 a 13,070 228
 
Adamaoua 8,100 360 1,090 a 1,450 167 
East 8,200 460 1,790 a 2,250 274 
Central 3,200 290 370 a 660 206 
South 100 a a a a -
Littoral 26,600 8,980 11,850 220 21,050 791
 
South West 7,600 2,370 1,280 
 50 3,700 487
 
North West 48,900 7,640 5,710 a 13,350 
 273
 
West 119,000 32,550 39,220 a 71,770 
 603
 

Cameroon Total 375,600b 60,790 
 79,100 350 140,240 373
 
a. Less than 10 mt.
 
b. Parts may not sum to totals due to multiple counts.
 

Source: 1984 Agricultural Census.
 

Table 1-62. Comparison of IFDC Survey Data and Census Data for 1984 Consumption
 

Region Ag Census IFDC Ag Census 
 IFDC 
S(mt) - - (% of Cameroon)- -

Center and South 660 1,677 .6 1.4
 
West 41,090 35,324 37.4 28.5
 
East 2,250 8,818 2.1 7.1
 
Northern Provinces 27,460 24,784 25.1 20.0
 
Littoral 21,050 33,799 19.2 27.2
 
South West 3,700 8,725 3.4 
 7.0
 
North West 13,350 10,939 12.2 8.8
 
Cameroon Total 109,560 124,066 100.0 100.0 

Source: 1984 Agricultural Census and IFDC Survey, November 1985.
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as much as 
12,000 mt may be being bought in the Littoral Province and used in
 
the West Province. We do not feel that any significant quantity was imported
 
from Nigeria which could account for the difference.
 

Fertilizer Use by Crop
 

Statistics are not published on fertilizer use by crop. 
 However,
 
rough estimates of this 
can be made on the basis of the agency to which it is
 
shipped, particularly for the plantation crops.
 

The major problem is that coffee is intercropped with maize and other
 
crops. Fertilizer is often applied to both, and it is difficult to distinguish
 
whether the fertilizer is being applied to the maize or to 
the coffee. Obviously,
 
the maize that is intercropped in the coffee benefits from any fertilizer applied
 
to the coffee. In the northern provinces, monocropping of maize is a standard
 

practice.
 

A survey of 480 farmers in the North West Province in 1983 indicated
 
that 95% of the farmers grew maize in mixed culture (IRA, 1983). However, less
 
than 7% of the maize farmers intercropped coffee with maize. Approximately 71%
 
grew beans, 43% grew cocoyams, 28% grew sweet potatoes, and 21% raised cassava
 
with maize. Thus, something less than 7% of the maize is an 
intercrop of coffee
 
if the average farm size is relatively the same. The report states, "The use of
 
fertilizer on maize (as opposed to cash crops such as 
coffee and rice) is not
 

very widespread (23%)."
 

The 1984 Census of Agriculture provides data on the percentage of the
 
different types of farmers who use fertilizer or manure by crop (50% of the
 
farmers using manure were 
in the three northern provinces). It groups all food
 
crops together; however, almost all fertilizer used on food crops is used on
 
maize except in the north where the 
rice is grown. This indicates fertilization
 
for about one-half of the coffee and for 19% 
and 35% of the maize in the North
 
West and West Provinces, respectively (Table 1-63).
 

Also, the Census provides data on the average size of coffee and maize
 
farms; thus, by multiplying the number of farms of each crop fertilized by the
 
average size we can *-termine a rough idea of hectarage of each crop that is fer
tilized. If we then assume 
that 250 kg of 20-10-10 is recommended for maize and
 
400 kg of 20-10-10 fertilizer is recommended for coffee and further assume that
 
both groups of farmers use the 
same percentage of the recommended rate and that the
 
average size of farm that is fertilized is the same as the average farm size not
 
fertilized, we can 
calculate the percentage for fertilizer used on coffee and maize
 
in provinces where both crops are grown. 
 The results are shown in Table 1-64.
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Table 1-63. Estimates of Maize Farmers and Coffee Farmers Who Use Fertilizer
 
or Manure
 

Food-Crop Coffee
 
Farmers Who Total Farmers Who 
 Total 

Use Fertilizer Maize % Use Fertilizer Coffee % 
Region or Manure Farmers Using or Manure Farmers Using 

Extreme North 118,800 47,600 a
 
North 32,400 40,600 a -

Adamaoua 12,000 34,000 a 
 1,100 3,700 40
 
East 5,300 55,600 10 12,700 39,500 32
 
Central 3,100 147,400 
 2 600 22,400 3
 
South 200 46,300 0 a 3,300 -

Littoral 
 5,200 54,000 10 23,700 37,200 64
 
South West 
 8,600 52,400 16 7,200 38,200 19
 
North West 25,100 129,500 19 41,600 116,900 36
 
West. 53,300 154,100 35 114,000 151,000 75
 

264,000 761,500 a 200,900 412,200 49
 
a. Almost all the fertilizer used by food crops is on maize except in the
 
North where fertilizer is used on rice.
 

Source: 	 1984 Census of Agriculture.
 

Table 1-64. 	 Percentage of Fertilizer Used on Coffee
 
and Maize by Province Where Both Are
 
Grown
 

Percent Used Percent Used
 
Provinces on Coffee 
 on Maize
 

East 	 92 
 8
 
Central 68 
 32
 
Littoral 98 
 2
 
South West 90 
 10
 
North West 72 28
 
West 84 16
 

Source: 	 Derived using 1984 Census of Agricul
ture data and procedures and assump
tions described above.
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In discussing this situation with specialists who have lived in the
 
areas and 
are familiar with coffee and maize intercropping, it was estimated
 
that, in the North West Province where 7% or less of the maize is 
grown with
 
coffee, 10% of the fertilizer was used on 
maize and 90% on coffee. The same
 
specialists estimated that 30% 
of the maize is grown with coffee in the West
 
Province and that 25%-30% of the fertilizer is 
used on maize and the remainder
 

on coffee.
 

Therefore, in order to estimate fertilizer use by crop we 
have used
 
the assumptions 
in Table 1-65. Coffee is 
the biggest user of fertilizer in
 
Cameroon, consuming about 47% of the total product 
tons (Table 1-66). Food
 
crops, primarily maize, consume about 15% 
of the total fertilizer or about 24%
 

of the subsidized fertilizer.
 

Projected Fertilizer Consumption
 

There are a number of methods available for making fertilizer projec
tions (Harris, 1985). 
 These include trend extrapolation, leading indicators,
 
agronomic requirements, food requirements, survey method, delphi method, use 
of
 
experts, percentage growth rates, absolute growth rates, and cause 
and effect
 
regression. There is 
no one best method for forecasting. The selection of the
 
method to use involves 
a number of factors including time and data available,
 
accuracy of data, years of data available, and relevancy of historical conditions.
 
Often more 
than one method can be used to serve as 
a check on another method or
 

to set projection ranges.
 

Projection Methodology
 

The first step in this study was 
to develop the most accurate histori
cal data available. The tonnages of subsidized deliveries by agency were
 
obtained from the Ministry of Agriculture. These data 
were adjusted slightly in
 
cases where deliveries were made in 
one year but stocks were carried over for
 
use in subsequent years. This information was further supplemented for 1984/85
 
with 1985 deliveries 
through October 15, 1985 as reported hy the FONADER ware
house at Bonaberi. One difficulty with these data 
is that an agency may buy
 
fertilizer directly from the Ministry one year, which is 
recorded on Ministry of 
Agriculture documents, and the next year may purchase the fertilizer from the 
DPA or a local co-op and thereby not be shown as consuming fertilizer on the 
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Table 1-65. Assumed Use of Fertilizer by Coffee and Food Crops by Province
 

Province or Agency Food Crops Coffee Other Total 

.......---------------- ------- -------
Subsidized 

Northern Provinces 
East 

100 
I0 

-
90 

-
-

100 
100 

Central and South 
Littoral 
South West 

10 
10 
10 

90 
90 
90 

-
-
-

100 
100 
100 

North West 10 90 - 100 
West 30 70 - 100 

Unsubsidized 

SODECOTON 
Others 

5 - 95 
1100 

100 
100 

Source: IFDC. 

Table 1-66. Fertilizer Use by Crop, 1985 

Crop Product Metric Tons Percent of Total 

Food crops 16,259 15 
Coffee 49,073 47 
Oil palm 7,720 7 
Cotton 21,020 20 
Rubber 2,810 3 
Bananas 2,018 2 
Tea I,I01 1 
Sugar 5,000 5 
Tobacco 55 -

TOTAL 105,056 100 

Source: IFDC. 
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Ministry of Agriculture records. Another problem with using Ministry of Agri

culture records on subsidized fertilizer is 
that some agencies that received
 

subsidized fertilizer in 1985 used unsubsidized fertilizer in earlier years.
 

Data on imports of unsubsidized fertilizer were obtained from various Ministry
 

of Agriculture offices including the Direction of Agriculture and Division of
 

Statistics and from private importers in Douala. Again import data were not
 

complete, and more fertilizer may be imported than is used that year. Agencies
 

handling subsidized fertilizer also imported larger quantities in one year when
 

funding for subsidies was available and then imported smaller quantities when
 

financing for fertilizer purchases declined.
 

The team visited almost every agency, co-op, DPA, etc., selling 100 mt
 

or more of product to verify or supplement the shipment information and data
 

obtained from other sources. An attempt was made to obtain data on actual sales
 

by year as this may differ from shipment data if stocks are carried over from
 

one year to the next. Sales or consumption information was generally available
 

for the past 2-3 years at many agencies and for 5 years at some of the para

statals. Data on stocks were not usually available; therefore, in cases where
 

deliveries appeared to 
be for more than one year's use, estimates were made on
 

how much of the delivered fertilizer was consumed each year. However, most
 

agencies report that the amount of stocks carried over does 
not change greatly
 

from one year to 
the next although there were exceptions to this. Furthermore
 

it is sometimes very difficult 
to obtain, even locally, accurate historical
 

figures on sales or consumption because stock records and sales 
data are
 

frequently nonexistent. Even amounts reported by parastatals often differed
 

from amounts they had 
reported earlier to various Ministry of Agriculture
 

agencies or that had been obtained in previous studies.
 

After the historical product consumption was deterr..ined, the nexL step
 

was to convert this tonnage into historical nutrient tonnage (N, P205, and K20).
 

Agency data were then aggregated into geographical regions which consisted of
 

one to three Provinces based on Ministry of Agriculture data groupings.
 

Development of Scenarios
 

In order to make future fertilizer consumption projections, four
 

scenarios were developed. The basic assumptions and methodology used are 
dis

cussed as follows.
 

Scenario 1--Present Marketing System With Current Fertilizer/Crop
 

Price Ratios--Scenario I assumes that the existing procedures used to import,
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subsidize, distribute, and sell fertilizers used in 1985 would continue through 

1995 and that the three major products subsidized in the past (urea, AS, and
 

20-10-10) would continue to be 
the major products used in the subsidized sector.
 

In 1985, 12-6-20 was used, but purchases were made mainly because 20-10-10 was
 

not available in 
sufficient quantities. It was assumed that the unsubsidized
 

parastatals would continue to 
import products of their choice as they do now.
 

Problems with late delivery and lack of availability of desired products in the
 

subsidized sector were assumed to continue. It was also assumed that some
 

funding problems for providing subsidized fertilizer would continue as they have
 

in tie past., and it was recognized that it might be difficult to continue the
 

subsidy past 1990 as oil revenues decline and increasing fertilizer prices and
 

fertilizer volumes significantly increase the cost of the fertilizer subsidy.
 

However, in this scenario it was assumed that fertilizer/crop price ratios would 

not change significantly in the future. If fertilizer prices moved higher, it 
was assumed that crop prices would increase to maintain current price ratios.
 

Projections were made separately 
 for all agencies subsidized in 1985 
and for the nonsubsidized organizations, which primarily produce export crops.
 

Because 1985 consumption in the subsidized sector was 
limited by funding con

straints, a "1985 base year" was developed as the starting point for the fore

casts for the subsidized sector. This was 
the average consumption for the last
 

3 years. This procedure was used because some agencies may have carried over
 

stocks and reduced apparent consumption in the following year. Thus, it was 
felt that a 3-year average gave a better indication of what "true" consumption
 

each year actually is. In most cases the 3-year average was higher than the
 

actual (apparent) 1985 consumption.
 

It is impossible to develop accurate trends by agency or province in
 
the subsidized sector because of limited historical data and the way purchases
 

are made and because limited funding for subsidized purchases has affected the 

amount of fertilizer available; therefore, projections were made first at the 

national level. Growth rates were used rather than trend extrapolation because 
of the effect that limited funding has had in some years. The projected growth 

rates used were based on past growth rates, discussions with agencies, and the 
team's experience with other developing countries. Projections were first made 
on a nutrient basis, and these forecasts were then converted to product metric 

tons. This was done because the average nutrient content of the fertilizers 

used is increasing, as is the case when urea (46% N) is substituted for AS (21% 
N). In developing product projections it was assumed that only three grades--AS, 

urea, and 20-10-10--would be used after 1987. The first step was to project the 
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declining AS consumption. Then the 6% projected growth in phosphate was met by
 
the 20-10-10 consumption. The remaining nitrogen required to meet the 6% growth
 

rate determined the 
amount of urea needed.
 

Projections by geographic area in 
the subsidized sector were made by
 
calculating the 3-year average percentage of each product consumed and assuming
 
that this "share" of each product would continue in the future. Arguments could 
be made for increasing the "shares" in the major 	food crop areas. However, the
 
government is committed to increasing use in all areas. Aiso it is not clear 

how "shares" in the major food-crop provinces could be increased substantially 

because they are already large. 

Projections were made by crops by estimating the current percentage of 
use by each crop in each province. This share of use 
for each crop in each
 
province was then projected. It should be pointed out that little information 

on use by crop is available and that estimates are largely based on the judgment
 

of knowledgeable specialists.
 

Consumption projections for the nonsubsidized export crop 
sector were
 

made differently. 
Fertilizer use in these organizations is based on recommenda
tions of commercial agronomists. 
 Use, although steadily increasing, does not
 
fluctuate significantly from year to 
year in terms of either products or nutrients.
 
Most agencies indicated they expected a small annual growth in product use over
 
the next 5 years. The actual. rates used in projections varied by agency and were
 

based on discussions with their personnel and historical rates 
of change in uise.
 
Projections for most agencies 
were about 5%. However, the rate ranged from no
 
growth in 
use on sugar to as high as 20%/year growth in use 
on food crops by
 
SODECOTON. The rate selected for each crop produced by each agency was 
used
 

throughout the projection period and applied to actual product use 
in 1985.
 

Projections of product use were then reviewed by the IFDC team visiting
 
each agency or parastatal, and adjustments were made as 
judged appropriate. Pro
jections were further reviewed with other specialists in the Ministry arid else
where who 	 are familiar with the agricultural region or organizations in the region. 

ScenarioIl--ecommended Marketing System With Ctrrent Fertilizer/ 
Crop Price Retationshtps--The second scenario developed is called the "recommended" 

scenario. This assumes that the recommended marketing system described ill 
Section I will be in place by 1987 and fully operational in 1988. Projections 

for the "recommended" scenario assume the following: 

1. The recommended fertilizer will be available to all farmers in Cameroon in 
adequate quantities when needed. 
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2. 
Fertilizer subsidies will be removed gradually and completely phased out 
by
 

1990.
 

3. Coffee producers will 
receive a higher percentage of world market prices 
as
 
the 
cost of subsidizing fertilizer is eliminated. 
 It should be pointed
 
out, however, that FONADER indicated that most 
of the subsidy has been paid
 
in recent years from appropriated funds generated from oil 
revenues.
 

4. Food grain prices will be strengthened as the government continues to
 
encourage increased production. Honey from appropriated sources and perhaps
 
oil revenues will be used 
to 
adequately finance an organization such as 
a
 
cereals authority that can 
ensure adequate markets for cereals in rural
 
areas through such actions 
as guaranteeing minimum cereal prices, 
estab
lishing procedures for co-ops and parastatals to purchase cereals 
from
 
farmers, and establishing storage programs.
 

5. Fertilizer prices will increase as 
the fertilizer subsidy is removed, but
 
current fertilizer/crop price ratios will not change significantly.
 

6. 
Adequate farm credit will be available.
 

7. A substantial fertilizer promotion effort will be made. 
Marketing and
 
extension personnel will substantially improve farmers' knowledge of fer

tilizers.
 

8. The recommended system will primarily affect only the consumption in the 
subsidized sector. 
 Although it may provide fertilizer to the unsubsidized
 
sector, it will not substantially alter the consumption because this 
is
 
presently based on the recommendation of commercial agronomists.
 

Projection methodology with the recommended marketing system was
 
similar to that used for the current system except that different growth rates 
were used. One of the main features of the recommended marketing system as 
described in the agronomic section will be to promote use of high-phosphate 
fertilizers as well as to market all fertilizers more effectively and efficiently. 
The high-phosphate fertilizer to be sold with the new marketing system is 10-30-10. 
This will be used mainly for food crops in combination with urea and will 
stabil
ize 20-10-10 use at or near current levels. 

It was assumed that the new marketing system would alternot consumptLon 
until 1988 although the recommended system will sell 6,000 mt 1987.in This was 
assumed to be tonnage that would have been sold anyway. Projections were first 
made on a nutrient basis and then converted to product metric Lons. It was 
assumed, on the basis of the proposed marketing plan, that nitrogen use could be 
increased 10%/year and phosphate use could be increased 17%/year. It wau assumed 
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that AS would be phased out in exactly the same way as it would be with the
 

current marketing system.
 

The tonnage of 10-30-10 to be sold was projected first. This would be
 
4,000 mt in 1988 and reach 40,000 mt by 1995. The remaining phosphate require
ment would be met with 20-10-10. Projecting the amount of urea needed to meet
 
the nitrogen requirement after projections of the other three products were rade
 
was the fourth step. Potash was treated as the residual supplied by 20-10-10
 

and 10-30-10.
 

Scenario III--Present Marketing System With High Fertilizer/Crop
 
Price Ratios--This scenario was 
made using exactly the same assumptions as in
 
Scenario I (Present Marketing System With Current Fe-tilizer/Crop Price Ratios)
 
except Lhat it was assumed that the price ratios would not be nearly as 
favorable.
 
It was assumed that the fertilizer subsidy would gradually be removed by 1991
 
and that crop prices would increase but at a much slower rate.
 

Data on how responsive fertilizer consumption is to fertilizer price
 
changes were not available. Often changes in consumption have been in response
 

to availability or nonavailability rather than price. Even in years where
 
fertilizer prices were not changed, consumption has changed significantly.
 

Because reliable data on 
stocks are not available, even consumption estimates
 
are relatively crude. 
 Data on crop prices except for coffee vary considerably
 

from month to month and by geographical area. Thus, sufficient reliable data
 
were not available on which to estimate demand elasticities. The effect on
 

consumption was based on the following assumptions.
 

1. Consumption in the estate sector would not be changed because 
Lhese organiza
tions are now buying unsubsidized fertilizer. SODECOTON does discount some
 
of the price of fertilizer (farmers pay FCFA 120,000/mt versus FCFA 160,000/mt
 

that the fertilizer costs SODECOTON), but basically this subsidy is 
even
tually reflected in the cotton price received by the small 
farmer. However,
 
a lower growth rate was 
uti2d in the North than in Scenario I for food-crop
 
use that was not subsidized in 1985. In Scenario I this sector where use
 
is currently small was assumed to 
increase 20%/year. The benefit/cost
 

ratios of food crops in the North are very high even with unsubsidized
 

fertilizer. 
Thus, this growth rate was reduced only slightly to 15%.
 
2. The food crops in the sector that was subsidized in 1985 and that showed
 

relatively high benefit/cost ratios would achieve 50% of the growth they
 

would have achieved with current price ratios.
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3. Coffee where benefit/cost ratios are 
not as favorable would achieve only
 
20% 
of the growth they would have achieved with the present fertilizer/crop
 

price ratios.
 

Scenario IV--Recommended Marketing System With High Fertilizer/Crop
 
Price Ratios--This scenario was 
developed with exactly the same assumptions as
 
Scenario 11 
(Recommended Marketing System With Current Fertilizer/Crop Price
 
Relationships) except that it 
was assumed that the price ratios would not be
 
nearly as favorable. It was 
assumed that the fertilizer subsidy would be
 
gradually removed by 1991 and that crop prices would increase but at 
a much
 

slower rate.
 

Again, price elasticities were not available, and the effect 
on con
sumption was estimated on 
the basis of the following assumptions.
 
1. The recommended system could 
overcome much of the negative effect of higher
 

prices.
 

2. Growth in the 1985 unsubsidized food-crop sector would be 
15%/year compared
 
with 20% used in Scenario II. Growth for other estate crops 
that are
 
currently unsubsidized would not be affected. 
 SODECOTON does subsidize
 
some 
of the price of fertilizer 
(farmers pay FCFA 120,000/mt for fertilizer
 
costing SODECOTON FCFA 160,000/mt), but basically the subsidy is 
eventually
 
reflected in the 
cotton price received by the small farmer.
 

3. Food crops that were subsidized in 
1985 and where benefit/cost ratios are
 
already high would achieve 75% 
of the growth they would have achieved with
 

current price ratios.
 
4. Coffee, with benefit/cost ratios that are not as 
favorable, would achieve only
 

65% 
of the growth they would have achieved with current price relationships.
 

Fertilizer Consumption Proiections
 

Fertilizer consumption levels 
are related directly to the efficiency
 
of the fertilizer marketing system and 
to the fertilizer/crop price ratios.
 
Thus, projections were made with four Scenarios. 
 Scenarios I and II are the
 
present and recommended marketing system with current fertilizer/crop price
 
ratios, and Scenarios III and IV are the present and recommended marketing sys
terns with high fertilizer/crop price ratios. Details concerning the methodology 
used are presented in the Projection Methodology Section. Dletailed projections 
lby product, by nutrient, by province or provincial grouping, and by crop are
 

shown in Appendixes A-0.
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Scenario I--Projections With Present Marketing System and Current
 
Fertilizer/Crop Price Ratios--As described in the methodology section, projections
 
with the present marketing system with current fertilizer/crop price ratios for
 
the sector that was subsidized in 1985 
were made first by projecting the nutrient
 
tonnage (Table 1-67). The nutrient tonnage in Table 1-67 was converted to
 

product tons in Table 1-68.
 

Projections in product tons for the sector not receiving a subsidy in
 

1985 are shown in Table 1-69.
 

Total projections fov Cameroon were made by combining the projections
 
made for both sectors and are !;hown in Table 1-70 and Figure 1-14. 
 The projections
 
from 1985 to 1995 indicate that product tonnage during this period will increase
 
by almost 6% annually. However, during this period the nutrient tonnage implied
 
by these projections will increase by slighty over 6.5% annually as 
the product
 
mix changes to higher analysis products. Total use of nitrogen will continue to
 
increase faster than that of phosphate or potash although phosphate will have
 
the largest percentage increase (Figure 1-15).
 

The tonnage of fertilizer projected by Province is shown in Table 1-71
 
and indicates that the growth area in the future, as it has been in recent years,
 
is the three northern provinces. The slowest growth will be in the East Province
 
which reflects the slow growth in sugar fertilizer consumption. Growth rates in
 
the West Province are very moderate, reflecting the slow growth in fertilizer
 
consumption in coffee and the shift 
from a very high percentage of ammonium
 
sulfate (21% N--more than half of total consumption in 1984) to high-analysis
 
urea (46% N) in the future. 
 This slow growth in coffee fertilizer consumption
 
is offset by an expanding fertilizer consumption for food crops.
 

Fertilizer projections by crop ara shown in Table 1-72. Food crops
 
are expected to increase fertilizer use 
faster than any other crop (Figure 1-16).
 
The projections have assumed that the government plans 
to seriously emphasize
 
food-crop production during the projection period. An annual growth rate oli
 
over 11% 
annually is projected for the increase in fertilizer use on food crops.
 
Cotton is also increasing in importance of fertilizer use. 
 Sugar use is declining
 

in importance.
 

Detailed tables concerning fertilizer use by province or provincial
 
groupings and by crops for Scenario I are 
included in Appendix A.
 

Scenario II--Projections with Recommended Marketiig 
ystem and
 
Current Fertilizer/Crop Price Ratios--The basic assumptions for this scenario
 
are described in the Projections Methodology Section under Scenario II. 
It was
 
assumed that the recommended system would be in place in 1987 but would sell
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Table 1-67. Scenario I--Projected Consumption of Fertilizer Nutrients 1986-95
 
(For Agencies Receiving a Subsidy in 1985) 

Year Nitrogen Phosphate Potash Total 
- -------------- (nutrient mt)- - ----------

1981 11,235 1,896 1,870 15,001 
1982 12,134 3,658 3,435 19,227 
1983 16,442 4,123 3,942 24,507 
1984 18,421 5,067 4,920 28,408 
1985 14,766 3,414 5,044 23,224 
Base 16,543 4,201 4,635 25,379 

- ------------------ (projected)- - ----------
1986 17,536 4,453 5,573 27,562 
1987 18,588 4,720 5,140 28,448 
1988 19,702 5,003 5,003 29,708 
1989 20,884 5,304 5,304 31,492 
1990 22,138 5,622 5,622 33,382 
1991 23,466 5,959 5,959 35,384 
1992 24,875 6,317 6,317 37,509 
1993 26,367 6,696 6,696 39,759 
1994 27,948 7,098 7,098 42,144 
1995 29,626 7,523 7,523 44,672 

Source: IFDC. 
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Table 1-68. Scenario I--Projected Fertilizer Consumption by Product
 
(For Agencies Receiving a Subsidy in 1985)
 

Year AS 20-10-10 12-6-20 Urea Total 
----------------- (product mt)- - ------------

1981 28,077 13,778 0 3,655 50,801 
1982 23,648 31,305 0 1,589 58,569 
1983 37,872 35,915 30 2,475 78,439 
1984 36,912 46,417 50 2,667 87,772 
1985 15,295 26,R18 11,812 10,356 64,332 

----------------- (projected)- - ------------
1986 15,000 39,729 8,000 11,913 74,642 
1987 10,000 45,400 3,000 15,321 73,720 
1988 9,000 50,030 0 16,971 76,000 
1989 8,000 53,040 0 18,688 79,728 
1990 7,000 56,219 0 20,487 83,705 
1991 6,000 59,588 0 22,367 87,954 
1992 6,000 63,170 0 23,873 93,041 
1993 6,000 66,961 0 25,468 98,429 
1994 6,000 70,981 0 27,157 104,137 
1995 6,000 75,231 0 28,957 110,186 

Source: IFDC. 

Table 1-69. Scenario I--Fertilizer Projected for the Estate Sector
 

Year Total Product Tons Year Total Product Tons
 

1981 34,891 1989 52,081
 
1982 32,007 1990 55,281
 
1983 37,984 1991 58,738
 
1984 36,294 1992 62,483
 
1985 40,724 1993 66,548
 
1986 43,816 1994 70,967
 
1987 46,370 1995 75,791
 
1988 49,117
 

Source: IFDC.
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Table 1-70. Scenario I--Cameroon Projected Total Fertilizer Consumption With
 
Present Marketfn Sstem and Current Fertilizer/Crop Price Ratios
 

Products
 
Year AS 20-10-1012-6-20 Urea 
 Rock DAP TSP KCI
 

(mt) -.-.- ------- - -------
1986 16,126 40,381 8,000 18,555 3,458 1,470 389 9,304

1987 11,181 46,085 3,000 22,277 3,626 1,486 416 9,655

1988 10,238 50,749 0 24,261 3,801 1,503 445 10,022

1989 9,300 53,795 0 26,335 3,986 
 1,521 476 10,408

1990 8,364 57,012 0 28,515 4,180 1,539 509 10,813

1991 7,431 60,421 0 30,800 4,383 1,558 544 11,238

1992 7,499 64,045 0 32,738 
 4,596 1,578 581 11,685

1993 7,575 67,880 0 34,794 4,819 1,599 
 621 12,152

1994 7,651 71,946 0 36,974 5,053 1,621 663 12,642

1995 7,732 76,244 0 39,298 
 5,299 1,644 708 13,157
 

Products
Year 10-10-20 15-15-15 SSP KSO
4 15-20-15 22-10-15 Total 
(mt) ........... 

1986 987 4,789 1111 6,799 8,178 118,458

1987 1,036 5,280 
 12 12 7,275 8,750 120,090

1988 1,088 5,837 13 
 13 7,784 9,363 125,117

1989 1,142 6,471 14 14 8,329 
 10,018 131,809

1990 1,199 
 7,194 15 15 8,912 10,719 138,986

1991 1,259 8,021 16 
 16 9,536 11,469 146,692

1992 1,322 8,970 17 17 10,204 12,272 155,524

1993 1,388 10,064 18 18 10,918 13,131 164,977

1994 1,457 11,327 
 19 19 11,682 14,050 175,104

1995 1,530 12,791 20 
 20 12,500 15,034 185,977
 

--- _Nutrients
 

Year N 
 P205 
 KO Total 
- ---------- (mt) ------- (mt)
 

1986 24,859 9,407 14,388 48,654
 
1987 26,352 9,979 14,410 50,741
 
1988 27,942 10,591 14,760 
 53,293

1989 29,638 11,249 
 15,582 56,469
 
1990 31,447 11,954 16,460 59,861
 
1991 33,376 12,710 17,399 
 63,485
 
1992 35,435 13,526 18,405 67,366
 
1993 37,635 14,404 19,483 71,522
 
1994 39,984 15,351 20,640 75,975
 
1995 42,500 16,375 21,883 
 80,758
 
Source: IFDC.
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Table 1-71. Scenarioa--Cameroon Total Fertilizer Consumption Projections by
 
Provincea
 

Central b b
 
Year and South West East Northern Littoral South West North West Total
 

- ---------------- (product mt)-- - ------------

1981 711 23,316 8,502 17,739 23,193 6,667 5,564 85,692
 
1982 591 30,276 7,636 17,321 21,955 
 8,107 4,690 90,576
 
1983 995 27,087 8,178 22,748 38,679 8,360 10,376 116,423
 
1984 1,677 35,324 8,818 24,784 33,799 8,725 10,939 124,066
 
1985 994 
 20,896 6,480 27,184 36,502 8,272 4,728 105,056
 
1986 1,317 26,066 7,547 28,957 37,495 8,623 8,453 118,458
 
1987 1,313 25,792 7,556 30,491 37,722 8,862 8,354 120,090
 
1988 1,353 26,594 7,643 32,595 39,079 9,241 8,612 125,117
 
1989 1,426 27,919 7,789 34,900 41,021 9,716 9,038 131,809
 
1990 1,501 29,332 7,944 37,416 43,083 10,218 9,492 138,986
 
1991 1,583 30,840 8110 40,165 45,272 10,746 9,976 146,692
 
1992 1,677 32,629 8,293 43,273 47,777 11,323 10,552 155,524
 
1993 1,775 34,522 8,487 46,674 50,424 
 11,931 11,164 164,977
 
1994 1,879 
 36,531 8,691 50,401 53,220 12,569 11,813 175,104
 
1995 1,989 38,658 8,909 54,500 56,177 13,245 1.2,499 185,977
 

a. Based on point of purchase.
 
b. An estimated 6,000-12,000 mt of fertilizer is purchased each year in the Littoral
 
Province and used in the West Province.
 

Source: IFDC.
 

Table 1-72. Scenario I--Cameroon Total Fertilizer Projections by Crop
 

Year Bananas Coffee Cotton 
Food 
Crops 

Oil 
Palm Rubber Sugar Tea Tobacco Total 

-----.--------- (product mt)--------- ------

1985 
1986 
1987 

1988 
1989 

1990 
1991 
1992 
1993 

1994 

1995 

2,018 49,073 
2,119 56,188 
2,225 54,645 
2,336 55,294 
2,453 56,969 
2,577 58,712 
2,706 60,533 
2,842 62,747 
2,984 65,021 
3,133 67,351 
3,290 69,735 

21,020 
22,491 
24,065 

25,750 
27,553 

29,482 
31,545 
33,753 
36,116 

38,643 

41,349 

16,259 
19,654 
20,515 

22,434 
24,833 

27,482 
30,408 
33,878 
37,707 

41,947 

46,644 

7,720 2,810 
8,088 3,702 
8,473 3,888 
8,876 4,083 
9,301 4,288 
9,747 4,502 

10,213 4,728 
10,703 4,964 
11,216 5,212 
11,753 5,473 
12,318 5,747 

5,000 
5,000 
5,000 

5,000 
5,000 

5,000 
5,000 
5,000 
5,000 

5,000 

5,000 

1,101 
1,157 
I216 

1,277 
1,341 

1,409 
1,480 
1,554 
1,632 

1,713 

1,799 

55 105,054 
59 118,458 
63 120,090 
67 125,117 
71 131,809 
75 138,986 
79 146,692 
83 155,524 
87 164,977 
91 175,104 
95 185,977 

Source: IFDC. 
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Figure 1-16. Percent of Total Fertilizer Used by Major Crops-Scenario I-Present Marketing System
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only 6,000 mt 
that year, which would only replace tonnage that would have been
 
sold by the old system. Thus tonnage in 1985 is 
the same with both systems
 
(Table 1-73). It was also assumed that the impact of this 
new system would be
 
on the sector that was subsidized in 1985 because the 
estate sector is currently
 
fertilizing at recommended rates with appropriate products.
 

The new system will promote sales of 10-30-10, a high-phosphate fertil
izer, particularly for food crops beginning in 1988. 
 It should be noted that a
 
ton of this fertilizer provides 25% 
more nutrients 
than does a ton of 20-10-10.
 
However an aggressive dealer-oriented marketing system designed to 
promote the
 
proper use of fertilizer and make it available on 
a timely basis will also
 
increase the total product tonnage of fertilizer used. A comparison of the
 
tonnage to be sold with and without the present marketing system is shown in
 
Table 1-73 both on 
a total product and total nutrient basis.
 

Although differences in projections are not significantly different in
 
the early years with the recommended marketing system, the differences become
 
substantial in future years. 
 For example, by 1995 more 
than 25% more nutrients
 
will be supplied by the recommended system. 
Product tonnage will increase by
 
about 20% However, in 
the early years the small differences in tonnage 
are
 
somewhat misleading in that phosphate and nitrogen, which are badly needed, 
are
 
being increased substantially, whereas potash, which is 
not needed as badly, is
 
not. Thus, a more appropriate product mix is being delivered. 
The average
 
nutrient content with the recommended system is also slightly higher.
 

Total projected consumption for 1986-95 by product for the 
sector
 
which was subsidized in 1985 
is shown in Table 1-74. 
 These figures represent
 
about an 
8% growth in product tonnage and a 9% growth in nutrient tonnage from
 
1985 to 1995. This table illustrates how 10-30-10 and urea 
are replacing the
 
increase in 20-10-10 shown in the projections for the current marketing system
 
(Scenario I). In that scenario, 75,231 mt of 20-10-10 was 
projected to be used.
 
In this scenario with the recommended marketing system, 40,000 mt of 
10-30-10 is
 
projected to be used and only 45,750 
rr. of 20-10-10. Total use projected for
 
Cameroon by product and nutrient is 
shown in Table 1-75.
 

Detailed tables concerning projected fertilizer use 
by regions and by 
crops under this scenario are included in Appendix B. 

Scenario 111--Projections With PresentMarketing System and High
 
Fertilizer/Crop Price Ratios--The basic assumptions and methodology for this
 
section are described in the Projections Methodology Section under Scenario I11. 
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Table 1-73. 	 Scenario lI--Cameroon Comparison of Projected Total Fertilizer
 
Consumption with the Present Marketing System and the Recommended
 
Marketing System With Current Fertilizer/Crop Price Ratios
 

Total Product Tons 
 Total Nutrient Tons
Year 	 Present Recommendeda 
 Present 
 Recomnended

(Scenario I) (Scenario II) (Scenario I) 
 (Scenario II)
 

1986 	 118,458 118,458 48,654 
 48,654
1987 	 120,090 120,090 50,741 
 50,741
1988 	 125,117 126,022 53,293 
 54,277
1989 	 131,809 134,542 56,469 
 58,792
1990 	 138,986 144,641 
 59,861 	 63,939
1991 	 146,692 156,548 63,485 
 69,807
1992 	 155,524 171,053 
 67,366 	 76,491
1993 	 164,977 187,005 
 71,522 	 83,908
1994 	 175,104 203,827 
 75,975 	 91,985
1995 	 185,977 222,832 
 80,758 	 101,080
 
a. 
Recommended system will not affect consumption until 
1988.
 

Source: IFDC.
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Table 1-74. Scenario l1--Subsidized Fertilizer Consumption With Recommended
 
Marketing System and Current Fertilizer/Crop Price Ratios 

Year AS 20-10-10 
Products 
12-6-20 10-30-10 Urea Total 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

-------------

15,000 39,729 
10,000 45,400 
8,999 43,233 
8,000 40,622 
6,999 39,599 
5,999 40,450 
5,998 43,490 
6,000 46,079 
5,999 45,670 
5,998 45,750 

(mt)-------------

8,000 0 11,913 
3,000 0 15,321 

0 4,000 20,674 
0 8,000 25,841 
0 12,000 30,762 
0 16,000 35,359 
0 20,000 39,082 
0 25,000 43,377 
0 32,000 49,191 
0 40,000 55,293 

(rt) 

74,642 
73,720 
76,905 
82,461 
89,360 
97,810 
108,570 
120,457 
132,860 
147,041 

Nutrients 

Year N P20 Total 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

- ---------- (mt)---------

17,536 4,453 5,573 
18,588 4,720 5,140 
20,446 5,523 4,723 
22,491 6,462 4,862 
24,740 7,560 5,160 
27,215 8,846 5,645 
29,935 10,349 b,349 
32,929 12,108 7,108 
36,222 14,167 7,767 
39,844 16,575 8,575 

(mt) 

27,562 
28,448 
30,692 
33,815 
37,460 
41,706 
46,633 
52,145 
58,156 
64,994 

Source: IFDC. 
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Table 1-75. Scenario II--Cameroon Projected Total Fertilizer Consumption With
 
Recommended Marketing System and Current Fertilizer/Crop Price
 
Ratios
 

Products 
Year AS 20-10-10 12-6-20 10-30-10 Urea Rock DAP TSP 

...-...-..-.--------- (Mt)-- --------------

1986 16,126 40,381 8,000 0 18,555 3,458 1,470 389 
1987 11,181 46,085 3,000 0 22,277 3,626 1,486 416 
1988 10,238 43,952 0 4,000 27,964 3,801 1,503 445 
1989 9,300 41,377 0 8,000 33,488 3,986 1,521 476 
1990 8,364 40,392 0 12,000 38,790 4,180 1,539 509 
1991 7,431 41,283 0 16,000 43,792 4,383 1,558 544 
1992 7,499 44,365 0 20,000 47,947 4,596 1,578 581 
1993 7,575 46,998 0 25,000 52,703 4,819 1,599 621 
1994 7,651 46,635 0 32,000 59,008 5,053 1,621 663 
1995 7,732 46,763 0 40,000 65,634 5,299 1,644 708 

Products 
Year KCI 10-10-20 15-15-15 SSP K2S04 15-20-15 22-10-15 Total 

---------- (mt)- - ------------ - - (mt) 
1986 9,304 987 4,789 11 11 6,799 8,178 118)458 
1987 9,655 1,036 5,280 12 12 7,275 8,750 120,090 
1988 10,022 1,088 5,837 13 13 7,784 9,363 126,022
 
1989 10,408 1,142 6,471 14 14 8,329 
 10,018 134,542
 
1990 10,813 1,199 7,194 15 15 8,912 10,719 144,641
 
1991 11,238 1,259 8,021 16 16 9,536 
 11,469 156,548
 
1992 11,685 1,322 8,970 17 17 10,204 12,272 171,053
 
1993 12,152 1,388 10,064 18 18 10,918 13,131 187,005
 
1994 12,642 1,457 11,327 19 19 11,682 14,050 203,827
 
1995 13,157 1,530 12,791 20 20 12,500 15,034 222,832
 

Nutrients
 
Year 
 N _P s K20 Total 

------------ (MOt)---------- (mt) 
1986 24,859 9,407 14,388 48,654
 
1987 26,352 9,979 14,410 50,741
 
1988 28,686 11,111 14,480 54,277
 
1989 31,245 12,407 15,140 58,792
 
1990 34,049 13,892 15,998 63,939
 
1991 37,125 15,597 17,085 69,807
 
1992 40,496 17,558 18,437 76,491
 
1993 44,197 19,816 19,895 83,908
 
1994 48,257 22,420 21,308 91,985
 
1995 52,718 25,427 22,935 101,080
 

Source: IFDC.
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Basically the same methodology was used as in Scenario I (Projections with
 

Present Marketing System and Current Fertilizer/Crop Price Ratios) except that
 
it was assumed that even though crop prices would likely increase slightly, they
 

would not offset the large increase in fertilizer prices as the subsidy is
 

removed over the next 5 years.
 

Sales for 1986 were projected to be the same with both scenarios
 

because no major changes in prices were assumed to occur. The projections
 

indicate that total product tonnage would not reach 1986 levels until 
1990 as a
 
result of the unfavorable price relationships. Nutrient and product tonnage in
 
1995 with high fertilizer/crop price ratios would be about 20% lower than with
 

current ratios (Table 1-76).
 

Total consumption by product for the sector that was 
subsidized in
 
1985 is shown in Table 1-77. This table illustrates how use of all products
 
would be reduced. 
Table 1-78 shows the same for all fertilizer comsumed in
 

Cameroon. 
However, because the estate sector is currently not subsidized,
 

little change in the consumption of this sector would occur under this scenario.
 

Detailed tables concerning projected fertilizer use by regions and by
 

crops under this scenario are included in Appendix C.
 

Scenario IV--Projections With Recommended Marketing System and High
 
Fertilizer/Crop Price Ratios--The basic assumptions for this scenario are
 
described in the Projections Methodology Section under Scenario IV. Basically
 

the sane meLhodology was used as in Scenario II (Projections with Recommended
 

Marketing System and Current Fertilizer/Crop Price Ratios) except that it was
 
assumed that even though crop prices would increase, they would not offset the
 

large increases in fertilizer prices as the subsidy is removed over the next
 

5 years.
 

Sales for 1986 were projected to be the same as with the present
 
system and current price relationships. Sales for 1987 were projected to be the
 
same as with the present system and high price relationships (Scenario III)
 
because the recommended marketing system is not expected to affect consumption
 

until 1988 (Table 1-79).
 

On the basis of the high price ratios and the present marketing
 

system, consumption in 1995 would be 190,440 product mt versus 
147,156 product mt,
 

or roughly 29% higher. However, consumption is projected to be about 32,400
 

product mt lower than it would have been with the recommended system and current
 

fertilizer/crop price relationships.
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Table 1-76. Scenario IIl--Comparison of Projected Total Fertilizer Consumption

With the Present Marketing System and Current and High Fertilizer/
 
Crop Price Ratios
 

Total Product Tons 
 Total Nutrient Tons
Year Current Ratios 
 High Ratios Current Ratios High Ratios
 
(Scenario I) (Scenario III) 
 (Scenario I) (Scenario III)
 

1986a 118,458 118,458 
 48,654 48,654

1987 120,090 113,392 
 50,741 47,911

1988 125,117 113,814 53,293 
 48,548

1989 131,809 117,080 
 56,469 50,277

1990 138,986 120,636 
 59,861 52,137

1991 146,692 124,508 63,485 
 54,140
1992 155,524 129,595 
 67,366 56,451

1993 164,977 135,049 
 71,522 58,926

1994 i75,104 140,888 75,975 
 61,576

1995 185,977 147,156 
 80,758 64,422
 
a. 
Price ratios in 1986 were assumed to be the same under both scenarios.
 

Source: IFDC.
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Table 1-77. Scenario Il1--Fertilizer Consumption With Present Marketing System
 
and High Fertilizer/Crop Price Ratios (for Agencies Receiving a
 
Subsidy in 1985)
 

Products
 
Year AS 20-10-10 12-6-20 
 Urea Total
 

--- ---------- (at)- - ----------- (at) 
!986 15,000 39,729 11,913
8,000 74,642
 
1987 10,000 41,218 3,000 12,865 67,082

1988 9,000 42,485 0 13,354 64,838
 
1989 8,000 43,379 0 13,869 65,248
 
1990 7,000 44,331 0 14,415 65,745

1991 6,000 45,351 0 14,993 66,343
 
1992 6,000 46,446 0 15,476 67,920
 
1993 6,000 47,617 0 15,993 69,610

1994 6,000 48,869 0 16,543 71,411

1995 6,000 50,205 0 17,133 73,336
 

Nutrients
 

Year N 
 P205 K20 Total 

-- - (nt)-------- (at) 
1986 17,536 4,453 5,573 27,562
 
1987 16,621 4,302 4,722 25,645
 
1988 16,530 4,249 4,249 25,028
 
1989 16,736 4,338 4,338 25,412
 
1990 16,967 4,433 4,433 25,833
 
1991 17,227 4,535 4,535 26,297
 
1992 17,668 4,645 4,645 26,958
 
1993 18,140 4,762 4,762 27,664
 
1994 18,643 4,887 4,887 28,417
 
1995 19,182 5,021 5,021 29,224
 

Source: IFDC.
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Table 1-78. Scenario Ill--Cameroon Projected Total Fertilizer Consumption With
 
Present Marketing System and High Fertilizer/Crop Price Ratios
 

Products 
Year AS 20-10-10 12-6-20 Urea Rock DAP TSP KCI 

- ----------------- (mt) -.-.- ------- - -------

1986 16,126 40,381 8,000 18,555 3,458 1,470 389 9,304 
1987 11,181 41,903 3,000 19,821 3,626 1,486 416 9,655 
1988 10,238 43,204 0 20,644 3,801 1,503 445 10,022 
1989 9,300 44,134 0 21,516 3,986 1,521 476 10,408 
1990 8,364 45,124 0 22,443 4,180 1,539 509 10,813 
1991 7,431 46,184 0 23,426 4,383 1,558 544 11,238 
1992 7,499 47,321 0 24,341 4,596 1,578 581 11,685 
1993 7,575 48,536 0 25,319 4,819 1,599 621 12,152 
1994 7,651 49,834 0 26,360 5,053 1,621 663 12,642 
1995 7,732 51,218 0 27,474 5,299 1,644 708 13,157 

Products 
Year 10-10-20 15-15-15 SSP K2 S04 15-20-15 22-10-15 Total 

- ------------- (mt)-- - ------------ (mt) 
1986 987 4,789 11 11 6,799 8,178 118,458 
1987 1,036 5,220 12 12 7,275 8,750 113,392 
1988 1,088 5,696 13 13 7,784 9,363 113,814 
1989 1,142 6,222 14 14 8,329 10,018 117,080 
1990 1,199 6,804 15 15 8,912 10,719 120,636 
1991 1,259 7,448 16 16 9,536 11,469 124,508 
1992 1,322 8,162 17 17 10,204 12,272 129,595 
1993 1,388 8,955 18 18 10,918 13,131 135,049 
1994 1,457 9,837 19 19 11,682 14,050 140,888 
1995 1,530 10,820 20 20 12,500 15,034 147,156 

Nutrients 

Year N P _- Tctal 

- ---------- (MOt) - ------ (mt) 

1986 24,859 9,407 14,388 48,654 
1987 24,376 9,552 13,983 47,911 
1988 24,748 9,816 13,984 48,548 
1989 25,452 10,246 14,579 50,277 
1990 26,218 10,706 15,213 52,137 
1991 27,050 11,201 15,889 54,140 
1992 28,107 11,732 16,612 56,451 
1993 29,241 12,303 17,382 58,926 
1994 30,455 12,916 18,205 61,576 
1995 31,760 13,577 19,085 64,422 

Source: IFDC. 
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Table 1-79. 
 Comparison of Projected Total Fertilizer Consumption With the Four
 
Scenarios
 

Current 
 High

Fertilizer/Crop Price Ratios 
 Fertilizer/Crop Price Ratios


Current System Recommended System Current System Recommended System

Scenario I Scenario II 
 Scenario III Scenario IV
 

(total product mt)
 
1986a 118,458 118,458 
 118,458 118,458
 
1987 b 120,090 120,090 113,392 
 113,392
1988 125,117 126,022 
 113,814 118,248

1989 131,809 134,542 117,080 
 124,035

1990 138,986 144,641 120,636 
 131,261

1991 146,692 156,548 
 124,508 140,118

1992 155,524 171,053 
 129,595 151,999

1993 164,977 187,005 
 135,049 163,836

1994 175,104 
 203,827 140,888 176,317

1995 185,977 222,832 
 147,156 190,440
 
a. Price ratios in 1986 are 
the same with all four scenarios.
 
b. 
Recommended marketing system will not affect total consumption until 
1988.
 

Current 
 High

Fertilizer/Crop Price Ratios 
 Fertilizer/Crop Price Ratios


Current System Recommended System 
 Current System Recommended System

Scenario I Scenario II 
 Scenario III Scenario IV
 

(total nutrient mt) ..............
 
1986a 48,654 48,654 48,654 
 48,654

1987 b 50,741 50,741 47,911 
 47,911

1988 53,293 54,277 
 48,548 50,867

1989 56,469 58,792 
 50,277 54,057

1990 59,861 63,939 
 52,137 57,830

1991 63,485 69,807 
 54,140 62,258

1992 67,366 76,491 
 56,451 67,718

1993 71,522 83,908 
 58,926 73,210

1994 75,975 91,985 61,576 
 79,211

1995 80,758 101,080 64,422 
 85,971
 
a. Price ratios in 1986 
are the same with all four scenarios.
 
b. 
Recommended marketing system will not affect total consumption until 1988.
 

Source: IFDC.
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Total consumption by product for the sector that was 
subsidized in
 
1985 is 
shown in Table 1-80. This table illustrates how use of all products
 
would be reduced in comparison with the recommended system and present fertilizer/
 
crop price relationships. 
 However, use is considerably above the level projected
 
in Scenario III with the present system and high pricos. 
 Table I-81 presents
 
these data for all 
fertilizer consumed in Cameroon. 
Again, very little change
 
is projected in the 
estate sector under this scenario.
 

Detailed tables concerning projected fertilizer use by regions and by
 
crops under this 
scenario are shown in Appendix D. 
Figure 1-17 illustrates the
 
difference in the four scenarios.
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Table 1-80. Scenario IV--Subsidized Fertilizer Consumption With Recommended
 
Marketing System and High Fertilizer/Crop Price Ratios (for
 
Agencies Receiving a Subsidy in 1985)
 

Products
 
Year AS 20-10-10 10-30-10 
 Urea Total
 

--- ---------- (mt)------------- (mt)

1986 15,000 39,729 8,000 a 11,913 
 74,642

1987 10,000 41,218 3,000a 12,865 67,082

1988 9,000 39,627 2,689 17,957 
 69,272

1989 8,000 37,276 5,390 21,537 72,203

1990 7,000 36,306 8,106 24,959 76,370

1991 6,000 36,950 10,832 28,172 81,953

1992 6,000 39,467 13,567 31,292 90,324

1993 6,000 41,586 16,997 33,814 98,397

1994 6,000 
 41,135 21,802 37,904 106,840

1995 6,000 41,102 27,311 42,209 116,620
 

a. 12-6-20.
 

Nutrients
 
Year N 
 P200 
 Total
 

S(mt)--------
 (t) 
1986 17,536 
 4,453 5,573 27,562
 
1987 16,621 4,302 
 4,722 25,645
 
1988 18,344 4,769 4,232 27,345

1989 19,581 5,345 
 4,267 29,193
 
1990 21,023 6,062 4,441 31,526

1991 22,692 6,945 4,778 34,415
 
1992 24,904 
 8,017 5,303 38,224
 
1993 26,831 9,258 5,858 
 41,947
 
1994 29,103 10,654 6,294 46,G51
 
1995 31,627 12,304 
 6,841 50,772
 

Source: IFDC.
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Table 1-81. 
 Scenario IV--Cameroon Projected Total Fertilizer Consumption With

Recommended Marketing System and High Fertilizer/Crop Price Ratios
 

Products
Year AS 20-10-10 10-30-10 
 Urea Rock 
 DAP TSP KCl
 
-- (mt) -- - -_-_- - .....


1986 16,126 40,381 8 000 a 18,555 3,458 1,470 389 9,304
1987 11,181 41,903 
 3 ,000a 19,821 3,626 1,486 416 
 9,655
1988 10,238 40,346 
 2,689 25,247 3,801 1,503 
 445 10,022
1989 9,300 38,031 
 5,390 29,184 
 3,986 1,521 476 10,408
1990 8,364 37,099 8,106 32,987 4,180 
 1,539 509 10,813
1991 7,431 37,783 10,832 
 36,605 
 4,383 1,558 544 11,238
1992 7,499 40,342 13,567 40,157 
 4,596 
 1,578 581 11,685
1993 7,575 
 42,505 16,997 43,140 4,819 
 1,599 621 12,152
1994 7,651 42,100 21,802 47,721 5,053 
 1,621 663 
 12,642
1995 7,732 
 42,115 27,311 52,550 5,299 
 1,644 708 13,157
 

a. 12-6-20.
 

Products
Year 10-10-20 15-15-15 
 SSP KS04 15-20-15 22-10-15 
 Total
 
-------------.--.--
 (t) .......--.-----------
-
 (it)
1986 987 
 4,789 11 
 11 6,799 
 8,178 118,458
1987 1,036 5,220 12 
 12 7,275 
 8,750 113,392
1988 1,088 5,696 
 13 13 7,784 9,363 
 118,248
1989 1,142 6,222 
 14 14 
 8,329 10,018 124,035
1990 1,199 6,804 15 
 15 8,912 
 10,719 131,261
1991 1,259 7,448 
 16 16 
 9,536 11,469 140,118
1992 1,322 8,162 
 17 17 10,204 12,272 
 151,999
1993 1,388 
 8,955 18 18 10,918 
 13,131 163,836
1994 1,457 9,837 
 19 19 11,682 14,050 
 176,317
1995 
 1,530 10,820 
 20 20 12,500 15,034 
 190,440
 

Nutrients
Year N pO 
 Total
 
. . . . -- -- . . ..-- .
-- (mt) 


1936 24,859 
 9,407 14,388 48,654

1987 24,376 9,552 
 13,983 47,911
1988 26,563 10,337 13,967 
 50,867
1989 28,297 11,252 
 14,508 54,057

1990 30,273 12,336 
 15,221 57,830

1991 32,516 13,610 16,132 
 62,258

1992 35,343 15,104 
 17,271 67,718

1993 37,932 16,799 
 18,479 73,210
1994 40,915 18,684 19,612 
 79,211
1995 44,205 20,860 
 20,906 85,971
 

Source: IFDC.
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Figure 1-17. Cameroon Fertilizer Projections With Various Scenarios. 
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SECTION II
 

FERTILIZER MARKETING IN CAMEROON
 

Apart from the SODECOTON contract farmers, 
two types of fertilizer con
sumers exist in Cameroon: large estates 
or those with centrally managed crop

production systems and individual 
farmers who produce food and cash crops, often
 
intermixed, on small areas. 
 The estates select their fertilizer products, pro
vide for procurement and distribution, and meet 
their own research needs.
 
Fertilizers handled by the estates 
are nonsubsidized. Furthermore, the estates
 
operate at no direct cost to 
the GOC other than their use of foreign exchange.
 
The smalIholders, 
on the other hand, often do not have any appropriate fertilizer
 
available, do not receive fertilizer when they need it, 
or do not know what or
 
how much of each nutrient to apply for optimum economic production under their
 
soil and crop conditions. The farmers often 
are not close to markets, and they

do not have sufficient funds 
to purchase fertilizers. 
To encourage production of
 
coffee by small 
farmers, the GOC introduced fertilizer subsidies. 
 As the need
 
for fertilizers has increased, the burden of these subsidies has 
limited the
 
amount of fertilizers that 
can be delivered for use by the individual farmers.
 

There is need to 
establish an efficient marketing system integrating

product selection, pricing, promotion, and distribution to service these indi
vidual subsidized farmers at the lowest possible cost and to 
reduce the subsidy

burden to the GOC. The successful introduction of an integrated marketing
 
system will hinge, in part, 
 upon establishment of favorable benefit/cost ratios 
for farmer crops. Furthermore, the marketing system should utilize research to
 
determine the best product mix for crops and should complement the extension
 
service in transferring fertilizer technology 
 to the farmers. The system should
 
determine 
 the best supply of products and utilize the most cost-efficient distri
bution system for reaching farmers. 
 A retail network linking the marketing 
system to farmers should be utilized. 

The objective of the recommended fertilizer marketing system is to
 
gradually traisfer the marketing functions from public institutions to a self
supporting system guided by a profit motive, which will expand fertilizer con
sumption at the lowest possible cost. Because the recommended syster., can be 
self-sufficient, it can 
reduce the present fertilizer cost to 
the GOC. By
eliminating the constraints to fertilizer use, the system will encourage the 
farmers to use fertilizers correctly and thus increase crop yields.
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The recommended marketing system is directed toward reforming the
 
current subsidized system. It must be phased into operation over a 5-year
 
period. Phase I represents a pilot operation during which the present govern

ment subsidy continues. During this phase, staff must be recruited and trained.
 
The system will gain momentum and by Phase V will be fully operational.
 

As the system is phased in, the present subsidized distribution system
 
will decrease in importance. The decrease in the current system is in direct
 

correlation with the proposed expansion of the recommended system. It is
 
envisioned that, by the end of Phase V, the new recommended marketing system
 
will commence to sell fertilizer in the present nonsubsidized sector. During
 
the phasing periods, new forms and types of fertilizers will be introduced. The
 
recommended new forms and types of fertilizers 
are based on the farmers' accep
tance of the products recommended in the new marketing system and the finding of
 
the supply scheme study presented in Section III.
 

Evaluation of Present Fertilizer Marketing and Distribution System
 

In the evaluation of the present fertilizer distribution system it is
 
necessary to examine its methods of operation and describe the organization by
 
functions, identify and analyze constraints to fertilizer use, and make 
recom

mendations for overcoming the constraints.
 

Organization
 

The present fertilizer system in Cameroon can more accurately be
 
described as a distribution network rather than a complete marketing system.
 

The system does not fully perform the basic marketing functions of product
 
selection, place utility (physical distribution), pricing, and promotion. The
 
system is involved essentially in purchasing and physical distribution. The
 
present system can be illustrated by conceptualizing the organizational struc
ture and relationships in diagram form and by describing the channels used for 
the functions that are performed. The present system can be divided into 
procedures for subsidized (Figure II-1) and nonsubsidized (Figure 11-2) fertil
izers: The light lines indicate the communication or information flows, and the 
heavy lines indicate the physical movement of feri.ilizer. Organizational 

functions are discussed below.
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Originally the subsidized fertilizer program was 
intended to increase
 
coffee production, particularly by the small-holder sector. 
 In recent years
 
subsidized fertilizers have also been directed toward food crops. 
 These fertil
izers are 
controlled by the Ministry of Agriculture and the funding 
source-
the Office of the President through FONADER. Nonsubsidized fertilizers
 
are used by plantations and parastatals producing export crops. 
 For nonsubsi
dized fertilizers, the Ministry of Agriculture is not directly involved, and the
 
controlling agencies 
are 
the Ministry of Computer Services and Public Contracts,
 
the Commission for Special Markets, and the Commission 
for General Markets. In
 
both procedures tile communications are carried out among the consumer, the
 
ordering agency, the controlling agency, the importers in Cameroon or Europe,
 

and the European manufacturer.
 

Products
 

The principal fertilizer products presently being offered for sale in
 
Cameroon and the crops for which they are directed are discussed in the agro
nomic section. 
 Changes required for a more appropriate fertilizer are also
 

given in that section.
 

One of the important functions performed by an effective fertilizer
 
marketing system is 
to determine the most appropriate fertilizer for the farmer
 
customers it supplies. 
 The selection of products 
to be offered farmers should
 
be based on the latest fertilizer research findings. 
 An effective fertilizer
 
marketing system will work closely with all research facilities to obtain
 
accurate data. 
 The system should identify and encourage research.
 

The present distrihution system for subsidized fertilizers, with tile
 
exception of SEMRY which started receiving subsidized fertilizers in 1985, has
 
not used research findings in selecting fertilizers. In the past, subsidized
 
fertilizers have been mainly 20-10-10 and ammonium sulfate for coffee.
 
These products--primarily because of their availability and, 
to some degree, price-
have become widely used for food crops. 
 The use of these products on such a
 
wide basis has been a fault of the distribution system for subsidized fertil
izers. Fertilizer products supplied farmers by SEMRY are 
based on their own
 

research findings.
 

The distribution system for nonsubsidized fertilizers overall appears
 
to deliver fertilizer materiats that are based 
on research findings. Fertilizer
 
practices for 
estate crops, oil palm, rubber, banana, and pineapple are based 
on
 
internationally accepted soil and plant tissue analysis techniques.
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The recommendations for fertilizers 
on soils used to produce cotton
 

result from the close liaison between the French research groups and SODECOTON.
 

The recommendation for soils that are used to grow Arabica and Robusta
 

coffee have been studied for many years. With the application of good management
 

practices, the current recommendations are appropriate. However, urea with its
 

lower 
cost per kilogram of nitrogen could be substituted for AS in most cases.
 

The present distribution system for subsidized fertilizers is not able
 

to help force the changes in the product slate that are necessary and to encour

age proper fertilizer use. 
 In the systems for both subsidized and nonsubsidized
 

fertilizers, products are dictated to the farmers and to 
specific projects.
 

This results in a limited range of available products.
 

Pricing
 

In the existing fertilizer system there are two different pricing
 

policies. One policy covers subsidized fertilizer that is handled exclusively
 

by the Ministry of Agriculture/FONADER, which is intended to 
serve the tradi

tional small coffee-growing farmer. 
Another policy covers nonsubsidized fertil

izers handled by the large farming sector, private plantations, and parastatals.
 

Under the subsidized system, the government determines a single
 

official price for all types of fertilizer. In 1985, for example, a uniform
 

price was set at FCFA 40,000/mt (US $100/mt) or FCFA 2,000/50-kg bag (US $5.00/
 

50-kg bag). This means that regardless of distance to farms, nutrient content,
 

and cost of product, all subsidized fertilizers have the same retail price. A
 

bag of ammonium sulfate containing 21% nitrogen costs the farmer the same amount
 

as a bag of urea containing 46% nitrogen. Subsidized fertilizers are shipped to
 

cooperatives and other ordering agencies on a consignment basis.
 

The retailers of subsidized fertilizers are allowed a 10% margin. The
 

retailing organizations submit to FONADER FCFA 36 ,000/mt or FCFA 1,800/bag.
 

They recover the 10% when the fertilizer is sold to farmers at the established
 

price. 
 The study team found some variations in pricing the subsidized fertilizer.
 

The South West Cuoperative reportedly was selling some fertilizers on 
credit to
 

farmers at FCFA 2,050/bag. Some other organizations were selling old stocks of
 

urea at the nonsubsidized price of FCFA 4,567/bag. UCCAO subsidized fertilizer
 

by FCFA 50/bag which results in a farmer price of FCFA 1,950/bag. It appeared
 

that either pricing information had not been passed to all organizations retail

ing subsidized fertilizers or the pricing policy is not being enforced.
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The study team was informed that some traders purchase 50-kg bags from
 
cooperatives and repackage them into small units for resale at prices above the
 
official subsidized price level.
 

The consultants observed many features in the present fertilizer 
system that lead to 
inflated prices or black market trade--both locally and
 

among the western provinces.
 

Ordering agencies must estimate and request the quantities needed a
 
year in advance. 
 The central purchasing agencies have insufficient funds to
 
fulfill these orders, and their allocation creates general and spot scarcities. 
The physical distribution methods, the road restrictions on transport, an
 
insufficient number of outlets, and the limited field storage capacity operate
 
to create local shortages and stockouts. At subsidized prices, the effective
 

demand exceeds the supply.
 

The same grade 
 of fertilizer is sold officially at two prices--subsidized 
and nonsubsidized--in the same locality. because their returns are greater on
 
some 
food crops, many farmers are willing to pay a premium price. 
 For example,
 
a farmer near Foumban was willing to pay FCFA 6,000 per bag of 20-10-10 that he
 
was 
going to apply for food-crop production.
 

Far,,:-ivel buyers with credit or cash can purcha.!e fertilizers at the 
subsidized price in excess of their own needs and hold or 
transport them for
 
sale in another time or place of scarcity for a profit at a higher premium price. 

Independent coffee buyers 
can deliver fertilizer directly to the farm
 
and exchange it for coffee on a barter basis. 

Under the nonsubsidized fertilizer system, fertilizers are handled by 
plantations and parastatals serving the "modern" farm sector outside the Ministry 
of Agriculture system. The exceptions are SENRY and a few agencies that have 
retained the right to import nonsubsidized fertilizers if an adequate supply is 
not forthcoming through the government supply system. 

Under the policy for nonsubsidized fertilizer, prices are set by the 
ordering agency and are sold to farmers at the cost of the product delivered to 
the retailers' warehouse. 
SODECOTON was the largest retailer of nonsubsidized 
fertilizers in 1985; 
they marketed 22,000 mt of fertilizer. SODECOTON was
 
selling compound fertilizers to their cotton farmers at FCFA 6 ,000/50-kg bag when 
their cost was 
FCFA 8,000/bag and thus subsidizing the cost by FCFA 2,000/bag.
 
Urea was being sold at 
their cost of FCFA 6,000/bag. SODECOTON recovers the
 
FCFA 2,000 through an adjustment of the purchase price of cotton 
that they pay
 

to their farmers. 
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Most plantations and parastatals are the end user of nonsubsidized
 
fertilizer, and thus the retail pricing mechanism is not 
a factor.
 

Promotion
 

An efficient fertilizer marketing system will have its 
own promotion
 
programs that are designed specifically to convince farmers 
to use an appropriate
 
fertilizer in the correct manner for best crop yields. 
 An efficient system will
 
not leave this function exclusively for the extension service. 
 Leaflets and a
 
few demonstrations used in a limited way were the only promotional activities
 
found in the present distribution system.
 

In the food-crop sector the current 
fertilizer distribution system
 
does not have enough promotional activites to encourage the proper use of fer
tilizers by farmers. 
 The IRA station at Bambui has published crop production
 
leaflets on 
"How to Grow Maize for High Yields," "How to Grow Irish Potatoes for
 
High Yields," "How to Grow Yams 
for Better Yields," and "How to Dry Maize and
 
Other Grains" (Appendix E). These leaflets are available for the training of
 
extension agents. Extension leaflets found in the field for coffee crops contain
 
the recommended fertilizer, amounts, and time of application. These leaflets
 
indicate that 20-10-10 is recommended for coffee, but they (1o 
not indicate
 
nutrients contained in the bag or quantities required to produce a crop. Many
 
farmers have discovered, on 
their own, the difference in nutrient concentration
 
and sources in fertilizers. 
 When the prices are the same, the farmers are
 
starting to 
request Lhe higher analysis products, i.e., 20-10-10 instead of
 
21-0-0 and urea 46% N over ammonium sulfate containing only 21% N. Too few of
 
the crop production leaflets are available to farmers. 
 SODE]COTON has prepared
 
leaflets on 
cotton, rice, sorghum, maize, and cowpea production for use by their
 
field representatives (Appendix E). 
 These leaflets are used only by SODECOTON.
 
Crop production leaflets have not been developed for all crops. 
 Especially
 
missing are leaflets for food-crop production practices. Tlo. fertilizer distri
bution system has 
not taken the leadership in developing promotional materials.
 

Leaflets and educational media to cover fertilizers 
on "what is in the
 
bag," "fertilizer contents," "the 
role of fertilizers," and "sources of nutrients,"
 
for example, were not found.
 

There appeared to be no use of other important typews of promotion
 
activities such as 
field days, farmer meetings, production contests, retailer
 
agronomic services, billboards and posters, and radio promotion. SEMRY had
 
plots demonstrating nitrogen rates on 
rice. Most of the othr retailers of
 
fertilizers did not have promotional activities in 1985.
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The approach to the transfer of technology appears to be based on the
 
production of individual crops. For example, plantations and parastatals have
 
their own education programs for coffee, cotton, and bauanas. 
 They are aware of
 
the merit of using the correct fertilizer and the proper applications. They do
 
not depend upon their fertilizer distribution network for support. Plantations
 
direct laborers to carry out proven practices and therefore do not have promo
:ional programs. Food-crop production is not presently covered with promotional
 
activity. Fertilizers are delivered to 
farmers without accompanying instructions 
on use. The "Poste Agricole" or agricultural extension agents were not working
 
extensively with retailers of subsidized fertilizers. There is no broad-based
 

national program to transfer crop production technology, including fertilizer
 
use, 	from the researcher to 
farmers through the present fertilizer distribution
 

system.
 

Procurement System
 

Theoretically the Ministry of Agriculture through its agencies surveys
 
farmers to determine types and amounts of fertilizers required. In actual 
practice, the ordering agency most often determines the quantity to be requested, 

and tile type is determined on the 	basis of the official crop fertilizer
 

recommendations. 

1. The ordering agencies, i.e., cooperatives, SEMRY, ZAPI-Est, etc., determine 
their fertilizer needs and submit their requests to the Ministry of Agri

culture. 

2. 	The ordering agency signs a contract to receive, store, sell, and pay for
 
tile 	 approved quantity of fertilizer to be imported (Appendix F). 

3. 	The request for fertilizer is forwarded to FONADER, which takes the following
 

actions:
 

a. 	 Arrange funding and amounts to be used..
 

b. 	 Review and approve each agency's fertilizer request.
 

c. 	 Request the Ministry of Agriculture to purchase the subsidized fertil

izers for which funds are available. 
d. 	 Pay 30% of the fertilizer purchase price to the importers when tender
 

awards are made.
 

Agencies that purchase nonsubsidized fertilizers obtain approval from
 
the Ministry of Computer Services and Public Contracts, the Commission for
 
Special Markets, or the Parastatal Chaiirman/Director as per the total value
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ordered. 
 Orders having a value in excess of FCFA 200 million are approved by
 
the Ministry of Computer Services and Public Contracts and its agency, the
 
Commission for General Markets. Orders having a value of FCFA 70-200 million
 

are submitted to and approved by the Commission for Special Markets. There is a
 
close working relationship with this commission and tle Ministry of Computer
 

Services and Public Contracts. Orders having a value of less than FCFA 70
 
million can be approved by the Chairman/Director of the requesting parastatal or
 

plantation.
 

In the present fertilizer system the information flow and exchange
 
required to request, obtain approval for, tender, and purchase fertilizers is
 
unnecessarily complex and time consuming. Figure II-1 with the light line
 
indicates the communication flow required in obtaining subsidized fertilizers.
 

The number of exchanges between government agencies in obtaining approval and
 
funding are not indicated. For subsidized fertilizers there is a minimum of
 

10 steps 
to be taken in successfully ordering fertilizers. For nonsubsidized
 

fertilizers, as indicated in Figure 11-2, 
there are only five steps in the
 
information flow for successfully ordering and purchasing fertilizers. It takes
 
approximately three times as 
long to acquire fertilizer under the subsidized
 

system as it does under the nonsubsidized system.
 

Tendering and Procurement System
 

The fertilizer tendering and procurement system is inefficient and
 
time consuming. Some agencies order I year in advance so that a supply will. be
 
on hand when needed. The present system may be near its capacity as structured.
 

The quantities of fertilizers imported in 1984/85 are shown a,Table I1-1.
 

After the orders requested have been approved, there are two procedures for the
 
purchase of fertilizers: one for subsidized and one for nonsubsidized products.
 

Subsidized Fertilizers--The complexity and problems associated with
 
fertilizer ordering, tendering, and distribution have been extensively documented
 

by Elliot Berg (1983), USAID (1985), and others. The process for acquiring
 
fertilizers is unnecessarily complex, inefficient, and expenusive. 
 The administration 
associated with procurement is especially complex. Figure 1-i conceptualizes
 

the procurement process for subsidized fertilizers. Each function is traced
 

through the system so that the complexity call be better understood. 

The tendering for fertilizers starts once the quantity to be purchased 
has been decided. The Contracts Department of tihe Ministry of Computer Services 
and Public Contracts develops a national call for tenders and passes it to the 
Ministry of Agriculture. The Ministry of Agriculture publicaliy announces tile 
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Table Il-1. Cameroon Fertilizer Imports in 1984/85
 

Products Importer Quantity 

10-10-20 GAMMA 7 

(tons) 

500 
SEPCAE 500 

22-10-15 + 5B + IS 
15-20-15 + 6B + IS 
22-10-15 + 4B + IS 

SEPCAE 
SEPCAE 
SEPCAE 

1,000 
6,000 
7,000 

20-10-10 ATICIA 12,000 
SUPERFOS 8,000 

12-6-20 SEPCAE 5,000 
WANDA 10,000 

DAP (18-46-0) SEPCAE 1,650 
C.F.C. 400 
GAMMA 7 400 

AS (21-0-0-14S) C.F.C. 300 
SEPCAE 13,500 
DIANA SICAC 7,000 

Urea (46-0-0) WANDA 4,680 
PELLENGET 8,000 
SEPCAE 8,850 

Potassium chloride (0-0-60) GAMMA 7 1,250 

SEPCAE 6,500 
Phosphate rock (33%) SEPCAE 2,000 
Kieserite SEPCAE 750 
TSP (0-46-0) SEPCAE 100 
PoLassium sulfate (0-0-50) SEPCAE 200 
SSP (0-20-0) SEPCAE 450 
TOTAL 

106,030
 
Source: Societe d'Engrais et de Produits Chimiques d'Afrique Equatoriale
 

(SEPCAE).
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tenders. Bid documents are purchased by interested importers for FCFA 200,000
 

from the 	Ministry of Computer Services and Public Contracts and the Ministry of
 

Agriculture in Cameroon. The tender documents can 
also be purchased from Cameroon
 

diplomatic representatives at Paris, Bonn, Brussels, Rome, Moscow, London,
 

Washington, Amsterdam, Peking, Lagos, Ottawa, and Madrid.
 

The Call for Tender document contains the following information:
 

1. 	Definitions and technical specifications.
 

2. 	Packing and handling materials and procedures.
 

3. 	Price bids in 5,000-mt increments.
 

4. 	General conditions for financing, taxes, submission of bids, insurance, and
 

duty rights.
 

5. 	Sampling procedures.
 

6. 	Bid bond requirements.
 

7. 	Payment conditions, stamps, and registration.
 

8. 	Penalties.
 

See Appendix G for a typical fertilizer tender that was issued in
 

1985.
 

In evaluating the tender specifications used for the present system,
 

several points were found to be inadequate.
 

1. 	The particle size and moisture contents of the fertilizers are not specified.
 

2. 	Delivery schedules, shipment sizes, access to berths, demurrage, discharge
 

rates, and inspection schedules are not stipulated.
 

3. 	In the case of ammonium sulfate, the free acid and moisture contents are
 

not 	specified.
 

4. 	For compound fertilizers, forms or sources of nutrients (i.e., water soluble,
 

ammoniacal, etc.) are not specified.
 

5. 	Analytical methods for physical and chemical analysis to determine nutrient
 

contents 	are not stipulated.
 

6. 	The fabric for the polypropylene outer bags and the test methods for them
 

are not specified.
 

7. 	The thickness of the liners and methods of closure ate also not specified.
 

8. 	Laboratories capable of making the chemical and packaging analysis are 
not
 

identified.
 

9. 	Quantities to be purchased are not stipulated.
 

Bids are submitted by importers to the contracts office of the Ministry
 
of Computer Services and Public Contracts. The Ministry in cooperation with its
 



168
 

Commission for General Markets analyzes the bids submitted and 
announces the
 
awards. The award-winning importer goes 
on the European market and 
secures a
 
supply of products. 
The European broker delivers the fertilizer to the Cameroon
 
importer in the Douala port 
on a c.i.f. basis.
 

No.subsidized Fertilizers--The procedures 
for purchasing nonsubsidized
 
fertilizers valued at FCFA 200 million and above are 
similar to those used for
 
purchasing subsidized fertilizers, except that the Ministry of Agriculture is
 
not involved. 
The firm order is passed directly from the ordering agency to 
the
 
Ministry of Computer Services and Public Contracts. This Ministry issues a
 
national call 
for tenders for the fertilizer to be purchased. Importers purchase
 
the tender documents and submit bids to the Ministry Contracts office. 
The
 
successful importer roceeds to arrange for the
. fertilizer supplies.
 

Fertilizer purchases 
in lots having a value of FCFA 70-200 million are
 
handled by the Commission for Special Markets. 
 The commission requests the
 
Cameroon importers to submit bids 
to supply the ordered fertilizers. The bids
 
are evaluated and awarded. The fertilizers are arranged from European brokers.
 

For small orders having a value of less than FCFA 70 million the
 
Chairman or Director of the ordering parastatals can authorize fertilizer pur
chases directly from importers. The Chairman's office normally will have a
 
working relationship with importers and manufacturers and can select the firm
 
that can best meet conditions of the fertilizer order.
 

Physi cal l)i.strihution 

The physical movement of fertilizers in the present system is indicated 
in Figures 11-1 and 11-2 with a heavy line commencing with the European sources
 
and ending with the farmer. The physical movement 
is present in summary form in
 
Figure 11-3. The physical distribution system is discussed in depth later; how
ever, it should be noted that importers are supplied with 
a finished prepackaged
 
fertilizer. 
 In the current system, the manufacturer assembles 
raw materials
 
from various sources, refines them, and combines them into finished products.
 
They are 
bagged in 50-kg bags and shipped to the Douala port in less than ship
'oad lots 
for pickup by the ordering agencies. Fertilizers physically move
 
through two channels: subsidized and nonsubsidized. Those fertilizers that are
 
imported for subsidized sale are transferred from the quay storage to a shed
 
operated by MINAGRI in Bonaberi.
 



Figure Phsil Mt o l izs F m S e to F s-in t. P t Mg S.. 

Figure 11-3. Physical Movement of Fertilizers From Source to Farmers in the Present Marketing System. 
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The rate of movement of subsidized fertilizers through this warehouse
 

is indicated by the percentage of the 1984/85 quota of each fertilizer that
 

remained in stock on October 15, 
 1985 (Table 11-2).
 

From these same records, it appears that 
over 25,000 mt of fertilizer
 

was carried over from prior years.
 

The nonsubsidized fertilizers are transferred to the importers or
 
ordering agency warehouse after being unloaded from the vessel 
in the Douala
 

port. 

Port liandlin--The current pattern of supply is such that quantities 
of fertilizer are imported on a seasonal basis 
in less than shipload lots. Some
 

importers prefer to receive fertilizers in lots not exceeding 2,500 mt because
 
of the limited rate of clearance from the docks 
to their warehouse. The fertil

izers are shipped in 50-kg reinforced plastic bags with a 4-ril liner. The
 

products are stored for varying lengths of time 
on the docks, awaiting transfer.
 

Most importers have sufficient warehouse space under lease 
for immediate storage
 
of imported fertilizers. The Ministry of Agriculture operates a warehouse or
 

shed in Bonaberi of approximately 40,000-mt capacity from which subsidized
 

fertilizers are dispatched (See Figure 11-4 
for position of the Bonaberi shed in
 
the Douala port). SEPCAE estimates that if the 
current supply system continues
 

additional storage capacity for 25,000 mt of fertilizers is needed in the port
 

area.
 

SOCAME serves as the principal stevedoring firm that off-loads fertil
izer cargo from ships at Douala. The largest vessel that can be managed is
 

10,000 mt with an 8-m draft. 
 SOCAME prefers to receive 5,000-mt vessels that
 
contain only one fertilizer grade. As a part of the off-loading procedure the
 

products are palletized in 
1-mt units in the hold of the vessel. Small amounts 

of fertilizers have been received that were palletized at the supply source with
 

and without plastic "shrink-wrap" covers. The "fertilizer that spills from the
 

broken bags within the hold of the ship is repackaged there prior to being
 

palletized and off-loaded. The pallets are hoisted over 
the ship side onto the
 

quay in 2-mt units. The current maximum discharge rate is 20.5 metric tons per
 

hour (mtph) and the minimum rate strived for 
is 11.3 mtph. SOCAME states that
 

fertilizer can he discharged 12 months/year except when it is actually raining.
 

An additional wait of 
a day or two is frequently encountered for each vessel.
 

A forklift moves the pallets to an assigned spot on the quay. If the
 

receiver pays about FCFA 610/rut, the fertilizer can be covered. There is also
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Table 11-2. 	 The Rate at Which Products Move Through the
 
Bonaberi Shed as Shown by Stock Records on
 
October 15, 1985
 

Products 	 Quota Remaining
 
(mt) (%) 

Ammonium sulfate 18,000 60 
20-10-10 17,313 21 
12-6-20 15,000 81 
Urea 	 15,000 71
 

Source: Bonaberi Shed records.
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an in-transit charge of FCFA 150/mt/day for dockside storage for product left
 

after 11 weather days. The fertilizer is never placed in permanently covered
 

storage while at the docks.
 

Transport of Fertilizers to Consuming Areas--Loading and shipment into
 

storage in the consuming areas by ordering agencies are carried out in c .junction 

with a backhaul operation utilizing the agencies' own trucks. The process of 

hauling crop produce to Douala and taking back fertilizers appears to be economical 

and 	 preferred from a haulage point of view. The movement of coffee and most 

other produce to Douala takes place at the end of the dry season. Even if 

fertilizers are available in Douala at this period, it is too late to bui Id 
sufficient stocks and distribute to farmers prior to the wet season. There is 

no apparent urgency to remove the fertilizers from the warehouses. Thus, the 

offtake pattern is determined by the crop harvest season rather than by a planned 

fertilizer supply schedule. Importers do charge the ordering agencies for the 
cost of the fertilizer storage while in their warehouse. Also, those ordering 

agencies using the Bonaberi shed tend to pick up those specif ic grades that are 

part of their quota and for which they have the most pressing current demand. 

They often leave behind until next year those kinds and amounts of fertilizers 

that they cannot sell immediately. Usually, nonsubsidized Ifertilizers are moved 

to storage in the port area. One exception to this port storage system is the 

movement of fertilizer by rail in 40-mt wagon lots by SO)ECO'ON to the railhead 

at Ngaoundere. There, they are transshipped to the 1,000 salevs points or are 

stored. 

Because of the seasonal arrival in the port and the urgency of moving 

the fertilizers to consuming areas to meet planting schedules, the capacity of 
the truck transport fleet may be exceeded. The primary movement in the subsidized 

channel is restricted to 4 0-plus distribution centers. The rip-counLry movement 

in the nonsubsidized channel is into facilities owned or Ieasd by the fiims 

involved.
 

Secondary truck transport of subsidized fertilizers within the provinces 

is carried out in .avariety of ways: 

1. 	 By the orpanization-owned vehicles capable of travel ing iver farm-to-market 

roads. This is a common practice with parastatals and cooperatives. 

2. 	 By private contract haulers. 

3. 	 By fa rmers. The condition of the roads from existirg primary nistrilortion 

centers to th, farm dictates movement by cart or head carry. Tie 1984 

Census of Agriculture indicates that about 50% of the fa mns own some form 

of transport (Table 11-3). Of the farmers owning automrobiles aid trunks, 681° 
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Table 11-3. Number of Farms Owning Transport by Type of Transport and Province-
1984 Aricultural Census 

Fa rmis 
Owning Type of Transport 

Province Transport Bicycle Motorcycle Automobile Truck Cart 

Extreme North 101,300 95,200 17,500 400 300 4,100 
North 32,700 29,800 3,900 300 100 4,800 
Adamaoua 11,000 6,700 4,000 1,100 200 2,600 
East 15,200 10,900 3,600 900 500 2,700 
Central 27,600 15,900 9,400 2,800 600 13,400 
South 9,600 3,700 5,600 700 200 6,500 
Littoral 9,000 4,900 2,200 1,700 600 8,500 
South West 14,000 7,000 5,000 3,600 700 8,300 
Norti West 25,400 18,400 4,500 3,500 1,600 400 
West 51,600 30,400 19,500 4,700 1,100 24,000 

TOTAL 297,400 222,900 75,200 19,700 5,900 75,300 

Note: Parts do not sum Lo total due to multiple counts. 

Source: 1984 Census of Agriculture. 
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are in the Littoral, South West, North West, and West Provinces. Most of
 
the motorcycles and carts are in these areas as 
well. The availability of
 
over 75,000 carts in Cameroon surely assists 
the movement of fertilizers to
 
farms. 
 However, such modes of transport serve to constrain the volume of
 
fertilizer used by rany farmers.
 

4. By redirection of primary transport. 
Some organizations do not take fer
tilizer transported from the port into their primary warehouses but redirect
 
their own trucks to subdepots or other destinations within their market
 
areas. 
 Thus the secondary transport becomes an extension of the primary
 
movement. 
The movement of fertilizers on tarred roads can take place on a
 
year-round basis. Secondary and tertiary movement can only take place
 

during the dry season.
 

The most common form of secondary transport for I and 2 above is by
 
two-axle rigid-frame truck carrying about 7 mt. 
 Tertiary movement is
 
done by small vehicles. 
Freight rates quoted for this secondary transport
 

vary widely.
 

Transportation is not under the central management of the fertilizer
 
system, and an adequate number of trucks may not be available during rush periods.
 
The resupply time may be so 
long that demand cannot be met. 
Such peak seasonal
 
employment can also be quite expensive.
 

With nonsubsidized fertilizers, many firms arrange 
for the outbound 
shipment of their fertilizers to delivery points under their control in 
their consuming areas. This is especially true for those products handled by 
SEPCAE. Firms purchasing nonsubsidized fertilizers have adequate storage
 
facilities to meet their needs.
 

Title Flow--In the subsidized fertilizer system it is not always clear
 
to management as 
to who actually owns the fertilizer. Title, rests with the organi
zation that. pays for the fertilizer. When fertilizers are 
delivered to retailers
 
on consignment, the title remains with the organization that paid for the fer
tilizers unless otherwise indicated by contractual agreement.
 

The transfer of title for subsidized fertilizers ismade the
on 


following basis:
 
1. The title for fertilizers passes from the supplier to the 
importer as per
 

the tendered contract. This is usually c.i.f. Douala.
 
2. The importer clears customs and ports and passes titles 
to the Ministry of
 

Agriculture with delivery of the fertilizer to the Bon;iheri shed.
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3. 
The Ministry of Agriculture retains title throughout movement and storage
 
and until the fertilizer is sold to farmers.
 

Title on nonsubsidized fertilizers passes in the following way:
 
1. Title passes from supplier to Cameroon importers, c.i.f. Douala ports.
 
2. 
Title passes from importers to purchasing agency (buyer) at designated
 

Douala warehouses.
 
3. Some agencies retain title and 
use the fertilizers, whereas others resell and
 

pass title to farmers.
 

Payment Flow--Payment for fertilizers closely follows title transfer
 
as it moves through the channels. 
Payment flow is different for subsidized and
 
nonsubsidized fertilizers.
 

Under the subsidized program the following arrangements for payment
 
are made: 

1. The importer arranges payment to 
the supplier.
 
2. Payment to 
the importer is made by FONADER according to the following
 

conditions:
 

a. 30% at 
the signing of the contract.
 
b. 40% upon presentation of the record showing provisional acceptance at
 

each designated delivery place.
 
c. 
 30% balance paid when analysis of product and stipulated packaging are
 

confirmed.
 

All payments will be in FCFA through a bank check payable
 

to the contractor. 
3. 
The ordering agency sells the fertilizer to farmers and passes payment to
 

FONADER and withholds a 10% commission (FCFA 4 ,000/mt).
 
Under the nonsubsidized program, payments are arranged as 
follows:
 

1. The importer arranges payment to the suppliers.
 
2. Payment is made to the importer by the ordering agency at the designated
 

Douala warehouse where title passes. 
3. Some agencies consume the fertilizers, whereas others sell the fertilizers to 

farmers for cash or on credit. Credit terms are generally offered to 
farmers thLIough the parastatals, i.e., SODECOTON for cotton production.
 

Information Flow--The team that,study found because of the complexity 
and resulcinp siLugishness of the system, the aggressive marketing org3nizations 
for both subsidized and nonsubsidized fertilizers were ordering fertilizers I year 
in advance to ensure a supply. 
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Examination of records showed that the tonnages of subsidized fertilizer
 
forecast as being required to meet effective demand and the tonnages requested
 
by ordering agencies did not agree. 
 Agencies were ordering more fertilizers
 
than needed because they had learned from past experiences that the amount
 
ordered would be substantially reduced. The quantity approved by the Ministry
 
of Agriculture is dependent upon the available funds allocated by the Office of
 
the President through FONADER. 
The requesting agencies are then notified as to
 
how much of their requested tonnage has been approved. 
The kinds and amounts of
 
products finally allocated or even requested may or may not meet the actual
 
demand by farmers. The requesting procedure, with delays in the information
 
flow and time delays in funding, often results 
in late arrival of fertilizers at
 
the port. The ordering agencies forecast their needs only once per year, which
 
is not often enough for sufficient stock control.
 

Many of the instruments that are 
available to inform distribution
 
staff on products were not in 
use or were not used properly. Evidence of nearly
 
complete documentation was observed at the Bonaberi shed. True bills of lading
 
were not being used. Specific destinations for fertilizer shipments, time of
 
arrival, quantities shipped, and payment methods were not clearly indicated.
 
Bag and truck weights were not cross-checked. Feedback concerning condition of
 
products in shipment and in storage were not made 
on a scheduled plan. Inventory
 
records at 
the Bonaberi shed do not indicate quantities of saleable stocks on
 

hand at that site.
 

Information flow in the nonsubsidized fertilizer sector differs in the
 
following respects:
 

1. Specific forecasts are made at the farmer level.
 
2. Orders 
to meet actual needs are submitted as firm commitments.
 
3. 
Close liaison exists between ordering agencies and the procurement system.
 
4. Most agencies have their own research base which allows direct transfer of
 

appropriate technology.
 

5. 
Often fertilizer use information is transmitted more directly to end users
 

by the agency itself.
 

Current Storage and Warehousing Requirements--War,hosing is involved
 
in four of the five exchange functions: storage, handling, communications, and
 
adjustment. 
 Inventory management is a key factor in a successful warehousing
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cperation. Because fertilizers are consumed seasonally, the tendency has been
 
to purchase and to stock fertilizers on an 
annual or seasonal basis. When
 
fertilizers are purchased, larger quantities are bought than 
can be immediately
 
consumed. 
This may occur to prevent anticipated shortages or to take advantage 
of savings resulting from volume purchases. Warehousing space is needed to 
store the supplies that are temporarily in surplus. Fertilizer warehouses 
should be both market and supply oriented. The warehouse should be located to 
serve a market and have enough capacity to fulfill its storage objective.
 

In Cameroon most warehouses 
are owned by ordering agencies or rented
 
to them for their convenience. Fertilizers are not stored in bonded or other
 
public facilities. The field warehouses 
serve as distribution centers. 

Because of the "harvest season" orientation of offtake of fertilizers 
from the port area, the stockage levels in the pore are quite high. Certainly,
 
the fertilizers most be stockpiled at some point in the physical distribution
 
channel. 
 In the current system there is a substantial risk during the consuming
 
season of being out of any one 
product or of being late in delivering a product
 
to 
any sales point unless sufficient transport is available at that particular
 
Lime to move the fertilizer. Stock levels 
are not built as near the farm as
 
possible in advance of use. 
 This requires an improved information system.
 

More rural retail storage facilities need to be located at selected
 
sites in the sub-districts. 
 More careful central inventory management could
 
substantially reduce the overall national stock level of each product.
 

Those ordering agencies that receive nonsubsidized fertilizer materials
 
have adequate storage for their purchases. The subsidized fertilizer sector has
 
storage at the sites and 
in the amounts cited in Table 11-4.
 

The identified field storage capacity of 96,990 mt would appear to be
 
more than adequate for an 
annual stockage of subsidized fertilizer if it 
were
 
equally spread around Cameroon. However, it must be noted that 70% 
or 68,040 mt 
ot this capacity is located in the West Province. Much of it consists of unused 
colfee warehouses. In 1984/85 the West Province was allocated 18,083 mt of 
fertilizer or 27.7% of theonly total. Littoral Province was allocated 50% or 
33,183 mt of the year's fertilizer quota. It had no identified storage other
 
than the lBonaberi shed. On April 10, 1985, when the quotas were fixed, over 
two-thirds of the Littoral Province allocation remained in stock from previous
 

imports. 
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Table I1-4. Warehouse Storage by Location, Capacity, and Operator
 

Province 


Adamaoua 


Central 


East 


Extreme North 


Littoral 

North 

North Westa 


West b 


South 

South West 

a. Additional 5,600-mt 
b. Additional storage 
c. Under construction. 

Location Capacity Operator 
(mt)
 

Ngaoundere 500 Location
 

Nkolbissen 500 DIRAGRI
 
Bafia 300 SOCOODER
 
Monatele 50 SOCOODER
 
Evodoula 50 SOCOOPAM
 
Obala 50 SOCOOPOB
 
Okola 50 SOCOOPO
 
SA'A 50 SOCOOPSA
 
Nanga-Eboko 50 SOCOODER
 
Akonolinga 100 SOCOODER
 
Eseka 50 SOCOODER
 
Mba Imayo 50 SOCOODER
 
Mbankomo 50 MIDEVIV
 
Mfou 100 SODECAO
 
Ngoumou 200 SODECAO
 
Mbalmayo i0o SODECAO
 

Bertoua 2,600 DIRAGRI
 
Bertoua - Zapi-East
 
Abong-Mbang - SOCOOPED
 
BerLoua - SOCOOPED
 
Ba tou ri - SOCOOPED
 

Maroua 1,000 DIRAGRI
 
Kousseri 700 SEMRY Project
 
iega 700 SENRY Project
 
Yagoua 750 SEMRY Project 

Bonaberi 40,000 SOCAME
 

N.E.B. 1,000 MISSAMBE 
Garoua 1,000 DIRAGRI
 
N.E.B. 200 SODECOTON
 

Kwen 1,800 N.W.A.
 
Santa 1,800 N.W.A.
 
Unions (11) 3,850 N.W.A.
 

Bafoussam 10,000 CAPLAME
 
Dschang 22,000 CAPLAME
 
tihouda 18,000 C±uPLABAME
 
Foumban 18,000 CAPLANOUN
 
Bangangte - CAPANDE
 
Bafang 4,000 CAPLAHN
 

Eholowa 700 E.T.A. 

Kumba 3,000 c South West COOP 

capacity is under construct ion. . . . 

capacity of 7,800 mt is under construction. 

Source: Ministry of Agriculture records. 
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The South West Province does not have enough fertilizer warehouse
 
storage space to meet needs under the present distribution system. At present
 

fertilizers are left in 
Douala for long periods of time because of the warehouse,
 

shortage.
 

In the North West Province, 
a program of warehouse construction is
 
being executed. Presently 25 warehouses of a planned 62 having an 1,800-mt
 

capacity each have been established at farm service centers. 
 Road access to all
 
of the warehouses has not yet been established. 
 These would be used to provide
 

temporary storage sites for stock of 
fertilizers at points of sale.
 

Currently, warehouses are being constructed using designs associated
 
with the storage of crop produce. An open space is left 
under the eaves for
 

ventilation. 
A fertilizer warehouse should be constructed so that it can be
 
completely closed at night 
or during periods of high relative humidity.
 

In the Extreme North and North Provinces, fertilizers are often stored
 
in the open during periods of low rainfall. This is a perfectly acceptable
 
practice provided the stack is completely covered with a material 
that will not
 

allow sunlight to pass through. 
At the railhead in Ngaoundere, SOGETRANS and
 
SODECOTON use cotton warehouses for the temporary storage of fertilizers. A
 
major problem is the lack of a suitable fertilizer warehouse. At present six
 
warehouses having a 1,000-mt 
capacity each are under construction in these
 

provi nces.
 

The current fertil izer warehousing system has not been stocked on the
 
basis of a central inventory management plan 
to meet demand by time frames. It.
 

has also not been stored as near the marketplaces as it should have been.
 
Oversupply in one area and undersupply in others help to create artificial
 

shortages at the farmer level. Farmers may use or be forced 
to use the wrong
 

product as well and lose an opportunity for profit from fertilizer 
use.
 

Handling of Product--Throughout the fertilizer distribution system,
 
both loading and unloading are done manually. Even in large warehouses, pallets
 

were not generally in use.
 

Platforms or truck-bed-high loading docks to 
receive and to dispatch
 
fertilizers in 30-mt 
truck lots were not observed. At most warehouses, the 
fertilizers were not placed on dunnage. Mechanical devices, e.g., 
conveyors or 
fork-lifts, were not used. Fertilizers were usually handled in tru!ckload lots 

of a single grade. 
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There appeared to be two distinct philosophies in the present distri

bution system. The supply side endeavors to acquire fertilizers at the lowest
 

tender price per ton regardless of quality. The other side presents a marketing
 

position of trying to have enough supply on hand to satisfy the farmers' requests
 

for fertilizers. Both tend to drive up inventories. An inadequate supply not 

only costs the loss of a sale but in the broader sense prevents the farmer-customer 

from making a profit from his purchase. In this case the farmer, the distribution 

system, and the country lose.
 

Transportation Modes Used--Transportation modes used are primarily 

trucks and railway. Each is important in the fertilizer distribution system. 

I. Road Transport Fleet--For primary movement about 80% of the 

fertilizers are transported from warehouses in tWe vicinity of the port of 

Douala to storage facilities in the provinces by trucks. These vehicles vary 

from 8 to 40 mt in payload capacity. iHORY, a large transfer firm, finds that 

the haulage rates and the availability of trucks vary substantially. For example, 

during the period when food is being transported tc Chad the availability of 

transport is so restricted that the cost of transporting fertilizer is increased. 

MORY, itself, owns 70 trucks and estimates that with these trucks they 

can deliver 5,000 mt/month to the western part of the country. They would 

invest in additional vehicles to ensure timely delivery if they were granted a 

3-year haulage contract. 

If only the road transport co;ts are considered, it is of course 

cheaper to transport fertilizer in the largest possible loads of 30-40 uit. But 

if associated costs to the national economy in terms of rebuilding damaged roads 

are included, there is no doubt that the loads should be restricted. Resolution 

of the problem of vehicle overloading is a national issue. The condition of the 

road network is discussed under infrastructure and additiondl government policies 

below. 

2. Railway Transpoct System--The National Railway System of Cameroon 

operates a -im gauge rail way with a route length in the west of 162 km and a 

line of 930 km to the north. Figure 11-5 shows the extent of the railroad 

system. In 1962, a branch line was extended from Lo UnMto Kumiba, a disLance of 

35 kin. The steep climb on this ro, te prevents its use for heavy loads. The 

route from Douala to Nkongsamba (67 km) needs renovation. The route from Douala 
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to Ngaoundere (930 kin) 
is fully operable. Two freight trains per day are dis
patched north 
from Douala. 
Each can pull 900 mt from Douala to Yaounde and from
 
there north each train can pull 1,200 mt. 
On the northern route, the track is 
in good condition, well maintained, and is not a constraint on the operation of
 
the trains.
 

The trains travel from Douala to 
reach Yaounde the next morning, and
 
they can reach Ngaoundere 2.5 days after leaving Douala.
 

Signaling is by telephone, telex, and local 
radio. Locomotives are
 
adequate for the service indicated above and for shunting in the yards.
 

Several 
3
types of wagons are available for the transport of fertilizer:
 

1. Type A--97 m3 covered (box), two door, capacity 40 mt.

2. Type B--Half-covered with sidewalls, 1.4 m high. 
These can be covered with
 

tarps, capacity 30-40 mt.
 
3. Type C--Regular covered wagons with two doors, capacity 30 and 40 int.
 

In addition, special wagons are available for transport of bulk cement,
 
petroleum products, containers, heavy equipment, and platforms for logs.


No requirement 
for the movement of bulk fertilizers was identified in
 
the present study. The consultants consider that sufficient wagons 
are available
 
to meet the needs in the North and Extreme North Provinces for bagged fertilizer.
 
Addlitional movement of food 
to Chad may impose 
a need to purchase additional
 
locomotives and wagons should fertilizer use expand and 
the food for Chad become
 
a continuing program.
 

The rail tariffs 
are fixed from Douala to 
specific railway terminals.
 
These are:
 

a 
FCFA/mt
 

Douala--Yaounde 
 FCFA 8.350
 
Douala--Eseka 
 FCFA 5.000
 
Douala--Belabo 
 FCFA 15.495
 
Douala--Ngaoundere 
 FCFA 22.995
 
Douala--umba 
 FCFA 3.730
 
Douala--Edea FCFA 3.500
 
a. 
Add FCFA 499/mt if loaded in port.
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Other rail transport conditions relate to wagon holding time. 
 The
 
railroad will put wagons in position 1 day for loading without charge. 
 If they
 
are 
kept for the second and third day a charge of FCFA 4 1,1
80/day/wagon will be
 
made. If kept 
for the fourth and fifth day the charge per wagon increases to
 
FCFA 62,000/day.
 

Rail operations and rules must be followed in fertilizer shipments.

Shipments are by indi.vidual wagon with loading and unloading incumbent upon the 
consignee. 
 Conditions for the protection of the consignment are the responsibility

of the railroad. Goods must be properly packaged, and in the 
case of fertilizer,
 
the wagon must be lined with a protective material. Packages are required to he
 
labeled, and every package in the shipment must have the 
name and address of the
 
senler and the station of the receiver. 
 This practice is not. always followed.
 

Upon departure, a Notice of Arrival is sent 
to the consignee who is
 
allowed one full day free for unloading. The recipient has the obligation to
 
receive the merchandise that is shipped to him. 

Wagons can be obtained on contract by stating the number of wagons

required, type of merchandise to 
be hauled, dates of planned loading, and the
 
destination. In the 
loading of wagons, three essential conditions must be
 
observed:
 

1. The maximum load cited on 
the wagon must be respected.
 
2. 
The merchandise to be transported must be protected.
 
3. Other rail traffic must not be endangered. 

The shipper is liable for overloading the railwagons and is subject to 
a threefold tax on the value of all packages in any overloaded consignment.
 

Transshipment of fertilizers at Ngaoundere involves offloading into
 
either ordering agencies' trucks or into transshipment storage. There are 
sufficient trucks to transship 1,500 metric tons per day (mtpd). 
 SOGETRANS
 
tranships from the 
rail. terminal 
to the following warehouse locations in the
 
times indicated:
 

Orin Warehouse Site Required Time 
(days) 

Ngaoundere Ga roua 1.0

Ngaoundere Ma roua 1.5

Ngaoundere Yagoua 2.0

Ngaoundere Kousseri 2.5
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Studies by the Ministry of Transport indicate that improvements are
 
planned for the rail network. The plans point to renovation of the route 
from
 
Douala to Loum and extension of the network to Dschang. 
This would be accomplished
 
if the bauxite deposit there is developed. Other plans indicate the need for
 
establishing a route from Edea to Kribi and from Kribi 
to Sangmelina. When
 
these routes are 
completed, fertilizer shipments will also he benefitted.
 

Review of Fertilizer Costs
 

IFDC consultants determined the marketing costs 
and compared their
 
data with that obtained by USAID (1985). Fertilizer cost by products and importers
 
for 1984/85 are shown in Table 11-5.
 

During 1984 and early 1985 
urea prices f.o.b. Western Europe ranged
 
between US $118 nnd $165/mt. 
 At a rate of FCFA 400 per US $1, these values become
 
FCFA 47,111 and FCFA 66,000, respectively. 
 The urea appears to have been purchased
 
near the upper end of the annual price cycle. prices beenUrea have in a general 
decline since 1981. For example, the f.o.b. world prices in August 1985 were at 
US $96 or FCFA 38, 400/mt. Even by allocating US $100/mt or FCFA 40,000, a 
c.i.f. Douala price for 1985 urea purchases should be around FCFA 78 , 4 00/mt. 
The consultants found that 1985 tender urea prices c.i.f. Douala were 
FCFA 90,000/mt. The difference of FCFA 11, 6 00/mt on 5,000-mta lot amounts to 
FCFA 58 million. Closer monitoring of world prices at time of tendering, with 
the capability of purchasing from truly competitive sources, is required if 
fertilizer prices are to be kept to a minimum.
 

Fertilizer 
costs in the present distribution system for the services 
performed are high. A typical fertilizer cost per ton is estimated to be 
FCFA 191,168 at the retailer. (The major components accounting for that cost 
are shown later in this section in Table 11-9). 
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Table 11-5. Cost of Fertilizer c.i.f. Douala Port by Products and by Importers
 
for Years 1984/85
 

Product Price Importer Amount 
(FCFA/mt) (mt) 

10-10-20 89,000 GAMMA 7 500 
110,310 SEPCAE 500 

22-10-15 + 5S + 1B 126,488 SEPCAE 1,000 
15-20-15 + 6S + 1B 133,518 SEPCAE 6,000 
22-10-15 + 5S + 1B 115,200 SEPCAE 7,000 
20-10-10 98,989 ATICIA 12,000 

105,500 SUPERFOS 8,000 
12-6-20 114,000 SEPCAE 5,000 

114,000 WANDA 10,000 
18-46-0 140,180 SEPCAE 1,650 

114,000 C.F.C. 400 
GAMMA 7 400 

21-0-0 69,500 C.F.C. 300 
69,216 SEPCAE 13,500 
70,175 DIANA SICAC 7,000 

46-0-0 112,000 WANDA 4,680 
117,500 PELLENGET 8,000 
76,000 SEPCAE 8,850 

0-0-60 76,000 GAMMA 7 1,250 
86,250 SEPCAE 6,500 

Phosphate rock 56,751 SEPCAE 2,000 
Kieserite 70,300 SEPCAE 750 

0-46-0 109,500 SEPCAE 100 
0-0-50 139,000 SEPCAE 200 
0-20-0 79,250 SEPCAE 450 

TOTAL 106)030 a 

a. Of th e total 106,030 mt imported during 1984/85, SEPCAE imported 
approximately 50%. 

Source: SEPCAE records. 
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Port Costs
 

The cost of clearing the fertilizers at the port is paid by the importer.
 
Some of the charges relate to the value of the shipment, and others are assessed
 
on a unit basis. Still others are negotiated on an irodividual job basis.
 

According to the information provided by MORY, a port cleiring firm, the following
 
charges are made for representative products based upon 1984/85 import costs.
 

Ammonium
 
Sulfate Urea Compounds
 
(21-0-0) (46-0-0) (20-10-10) (12-6-20)
 

---------- (FCFA/mt)- --------

Maritime insurance (2.5%) 
Credit opening fee 
CNCC fee 

1,740 
1,399 
287 

2,454 
1,963 
402 

2,510 
2,008 

411 

2,850 
2,280 

467 
Stevedoring 
Transit handling and loading 
Covering on quay 
Registry rights 
Losses to importer dock 

2,000 
2,039 

612 
1,399 

700 

2,000 
2,039 

612 
1,963 
982 

2,000 
2,039 

612 
2,008 

100 

2,000 
2,039 

612 
2,280 

114 
Importer's margin (estimated 3%) 2_100 2,944 3,012 3,420 
Total port costs 10,476 15,366 14,692 16,062 
Fertilizer cost at importer 
warehouse (lock 80,476 113,532 115,085 130,062 

Source: Importer, stevedoring, and transfer firm records.
 

Wa rehousing Costs 

Adequate fertilizer storage capacity does not exist at many of the
 
retail outlets. Much of what exists is used for storage space of export crops,
 
as well as for fertilizer. The apparent need for increased warehouse capacity
 
is dictated by the fact 
that the allocated fertilizers are received 9 months to
 
a year before the time the farmers buy them. Stocks purchasod for the Ministry 
of Agriculture tend to remain in storage at the Bonaberi shed until the ordering 
agency chooses to pick them up for haulage back to their facilities in the 

province. This procedure adds to the overall cost because it costs more to 
store in Douala than in the provinces; in addition, this procedure often limits 

timely availability. 
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The inventory holding costs in the field warehousing network are not
 
identified separately from other retail expenses. 
 In the absence of commercial
 
warehousing for fertilizers, there are n" cost guidelines for provision or
 
operation of fertilizer warehouses per se. Based upon observations of Cameroon
 
and similar fertilizer situations, the consultants made the following cost
 
estimates for warehousing fertilizers on a system-wide basis:
 
1. 	Interest on 
106,030 mt valued at FCFA 100,000/nit for 9 months at 13% would
 

be FCFA 1.034 billion or FCFA 9,750/mt.
 

2. 	Storage facilities--Construction of new facilities costs about FCFA 60,000/n 2 

A 1,000-mt warehouse constructed new will cost FCFA 29,165,000. Interest
 
on the undepreciated value would be equal to FCFA 3,791,450 or FCFA 3,792/m1t/
 

year.
 

3. 	Handling costs were 
calculated on the basis of two liftings--one at the
 
primary distribution center and one at a secondary storage site. These
 
are 	FCFA 30/bag to off-load and FCFA 30/bag to load. 
 This amounts to
 
FCFA 1,200/mt or FCFA 127,236,000 for the 1984/85 season.
 

4. 
A study made by FONADER in February 1985 of the current stockage system
 
revealed a secondary transportation cost of FCFA 4,000/mt. The components
 

of 	these costs were not further identified. The consultants chose to use
 

this figure of FCFA 4 ,000/mt.
 

5. Depreciation, if based upon new facilities, would be about FCFA 2,000/mt/
 
year. However, fertilizers are frequently stored in facilities that were
 
originally constructed for other purposes, e.g., 
coffee storage. The cost
 
of depreciation chargeable to fertilizers would be about FCFA 1,000/mt.
 

6. 	The consultants 
were not able to ascertain any organization that carried
 
insurance on 
fertilizer stocks positioned in field warehousing. However,
 
importers do carry insurance on 
their stocks located in their warehouses in
 
Douala port. No charge 
'as 	included for this insurance.
 

7. 	Management of the storage facilities--e.g., construction, security, book
keeping, labor supervisiou office upkeep, etc.--is calculated at FCFA 125/mt
 
or FCFA 13,253,750 for the system in 1984/85.
 

The total warehousing costs (inventory management) for the entire
 
system (106,030 mt) are estimated to be FCFA 19, 86 6/mt/year.
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Transport Costs
 

For the purpose of evaluating and comparing transport costs, the
 
consultants consider that it would be inappropriate to adopt the conventional
 

vehicle operating cost relationships such as are used in benefit/cost studies.
 

Fertilizer transportation in Cameroon is essentially a commercial operation, in
 
which each hauler has his own perception of profit and risk. Any assessment
 

should be based on commercial rates.
 

It is considered that a more rational and satisfactory cost would be
 
obtained if the road haulage rates were based on 
the distances to individual
 

warehouses rather than on the gross measure to 
the headquarters of the ordering
 
organization. The records do not reveal as 
many specific receiving or primary
 

distribution centers as are probably in use. At the same time the true rates
 
are seasonal and are based upon demand in the port of Douala at any one 
time.
 

Therefore, the official rate of FCFA 31.05/ton-km is usually exceeded. Estimates
 
by transporters indicate that on 
the longer routes practical rates are two and
 

one-half (2 ) times the official rate.
 

Because of the wide variability in practical haulage rates, e.g.,
 

custome2r truck, backhauling, seasonal demand, etc., the calculations for the
 
purpose of this study are based upon the official costs and rates authorized by
 
the Ministry of Transportation. If desired these costs 
can be escalated to
 

current rates by the use of an appropriate coefficient.
 

A study of vehicle operational costs in Cameroon was made in 
January 1985 by the Highways Department of the Ministry of Equipment. It revealed
 
a cost of FCFA 509.95/km for the operation of an articulated 28-mt truck operating
 

for 50,000 km/year on a good tarred surface road. 
 Because many destinations are
 

not lot(ted on such a road, a more appropriate operational cost 
figure for this
 
type vehicle would be FCFA 642.16/km or FCFA 22.93/ton-ki. These costs are well
 
below the authorized rate of FCFA 31.05/ton-kin, which the consultants have
 
elected to use. These rates are multiplied by the kilometers to each identified
 

warehouse, and this value is multiplied by the total tonnage transported to the
 
warehouse to establish an average weighted transportation cost per ton. The
 

estimated weighted transportation costs in 1984/85 to all destinations is
 

FCFA 799,960,000 or about FCFA 9,700/mt.
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The transport costs from Douala port to specific warehouses were
 
calculated in direct proportion to 
the distance. It is recognized that rates/
 
ton-km for the longer distances may be somewhat less than those cited 
(Table 11-6).
 
Special official rates to selected destinations differ slightly from those
 

computed on a distance-only basis (Table 11-7). 
 The combination of rail and
 
road rates used to 
serve the Extreme North and North Provinces show values
 

ranging from FCFA 34,000 to FCFA 52,000/mt (Table 11-8).
 

Fertilizer Losses
 

No measure was made of the losses sustained by those agencies handling
 

nonsubsidized fertilizer. 
 It was reported that they are less than 2%. 
 In the
 
subsidized sector various claims have been made that suggest high levels of loss
 

in the fertilizer distribution system. However, no correlation of receipts
 
against dispatches is available system-wide, and thus rigid conclusions 
cannot
 
be made. 
Any figures used for levels of physical loss are then judgement decisions.
 
Studies elsewhere have indicated that 
at each transfer there is a 1% loss. At
 
this rate 
and with an average of five transfers, the losses could be 
as much as
 
5% of the total tonnage. If we assume 
that a ton of fertilizer at the port
 

costs FCFA 100,000, then these physical losses in 
1984/85 would amount to
 
FCFA 538 million or FCFA 5,000/mt. 
Repackaging of fertilizers at the Bonaberi
 
shed serves to 
reduce these losses. 
 Losses sustained near the point of consumption
 
are more 
costly than those at the port where most of the losses probably occur.
 

To gain accurate data, the first essential is to install 
a system of accurate
 
control and reporting of all movements of the fertilizers. Secondly, a cumplete
 
inventory of all stocks to 
which the Ministry of Agriculture has title needs to
 

be made.
 

Serious losses of various type_, have been 
seen in the field, but
 

confusion arises for two 
reasons:
 

1. There is no clear understanding or definition of what is 
meant by "loss."
 

2. There is too much concentration on historical problems.
 

True physical loss of fertilizer through the distributi, system, 
e.g., due to spillage from damaged bags, theft, or spoilage in storage, appeared 
to be about normal for the system again in 1985. In theory, loaded trucks moved 
directly from importers' warehouses to the primary distribution centers with no
 
intermediate handling. In practice, there are reports of large losses 
in the
 
unloading at the port and of missing fertilizer during transport and storage.
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Table 11-6. Road Transport Costs Using Authorized Rates 1985
 

Warehouse Estimated Total 
Province Location Distance Freight Amount Freight 

(km) (FCFA/mt) - (mt) (millions FCFA) 

Extreme North Maroua 1,399 43,438 866 37.62 
Kousseri 1,679 52,133 
Yagoua 1,509 46,854 2,038 95.5 
Mokolo 1,479 45,923 1,419 65.2 
Mora 1,459 45,302 561 25.4 
Kaele 1,459 45,302 1,370 68.8 
Guider 1,303 39,155 1,757 

North Ngaoundere 890 27,635 -

North West Kwen 352 10,930 3,135 33.68 
Santa 326 10,122 3,135 33.68 
Bamenda 346 10,743 3,135 33.68 
Wada-Wum 411 12,762 195 2.5 
Unvda-Ndop 388 12,041 19 0.25 

West Bafoussam 266 8,259 20,296 202.96 
Dschang 326 10,122 20,296 202.96 
Nbouda 296 9,191 20,296 202.96 
Foumban 388 12,047 20,296 202.96 
Bangangte 246 7,638 20,296 202.96 

South West Kumba 126 3,912 2,918 11.4 
Cdc 79 2,453 7,000 1.22 
Palmol 181 5,620 1,696 9.53 

Littoral Bonaberi 0 0 5,742 
Loum 99 3,074 16,668 61.6 
Nlohe 104 - 16,668 61.6 
Manjo 119 3,229 16,668 61.6 
Nkongsamba 143 3,695 16,668 61.6 
Melong 169 5,247 16,668 61.6 
Kribi 209 6,489 5,275 34.2 
Anacam 75 2,329 82 0.2 
SOCAPALM-

Dibombari 44 1,366 4,650 6.3 

South Ebolowa 345 10,712 569 6.1 
Yaounde 267 8,290 7,529 62.4 
Ombessa 360 11,178 7,529 62.4 

East Bertoua 623 19,344 0 -
Abong-Mbang 506 15,711 720 11.3 
Batouri 713 22,139 0 -
Nboteng 391 2,970 1.2 
Be, abo 

Source: Ministry of Transport.
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Table 11-7. 
 Special Road Haulage Rates to Selected Locations in 1984
 

Distance From
 
Location Douala 
 Official Rate
 

(km) (FCFA/mt)
 

Ngaoundere 	 890 27,635
Bamenda 	 346 10,743 
Bafoussam 
 266 	 8,259

Dschang 	 326 10,122 
Foumban 
 388 	 12,047
 
Bafang 	 200 
 6,210

Limbe 69 2,142 
Lobe 205 86,365 
Yaounde 
 273 8,477
 
Ebolowa 
 345 10,712
 
Abong-bang 506 
 15,711
 

Source: Ninistry of Transport.
 

11-8. 	 Combination of Rail and Road Rates for Fertilizer Delivery to North 
and Extreme North Provinces at Approved Road Rates 

Rail Rate to 
 Road Rate to Transfer
 

Location _ N&Iaound ere Destination Rate Total Rate 
- - -------------- (FCFA/mt) ..---.------------

Garoua 22,995 8,100 3,300 34,395

Haroua 22,995 17,300 3,300 43,595 
Yagoua 22,995 20,016 3,300 46,311 
Kousseri 22,995 26,480 3,300 52,775
 

Source: Consultants' estimates. 
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Material is picked up months 
or even years late from the Bonaberi shed where it
 
may have gone out of condition. Another main type of "loss" is accounting or
 
administrative loss. Simply stated, this means 
that less than actual tonnages
 
are officially recorded as being received with the difference being given away
 

or 	sold. Until a rigorous system of control is introduced and enforced by
 

management, losses cannot be either measured or controlled.
 

Still another type of "loss" relates to those well-meaning retail
 

managers who sell fertilizer to high-risk buyers. In 
a study by a special
 
mission from FONADER, it 
was found that the handling of 11,865 mt of fertilizer
 
in one case accrued a risk of nonpayment loss of FCFA 31,323,600, or FCFA 2,640/nit
 

handled. In another case where 5,356 mt was distributed, these losses were
 
FCFA 14,139,840 or the same FCFA 2,640/mt. It was determined that 50% of the
 
fertilizer sold on credit was lost due to nonpayment. The risk of handling
 

funds would be an additional 
12% of sales value. This study also estimated that
 
"diverse costs," which were undefined, accrued to the extent of 10% of sales
 
value of the fertilizer. These losses are substantial and amount to FCFA 16,553/tt
 
or a total of FCFA 1.06 billion in 1985 for subsidized fertilizers (Table 11-9).
 

At the time of this study it was reported by FONADER that SEMRY owed
 
in excess of FCFA 1 billion for fertilizers.
 

Operational Costs
 

To determine operational cost for subsidized fertilizers in the current
 
system, 20-10-10 was selected and used to represent a typical grade. The data
 
to make the calculation are based on 
the 	above costs as shown in Table 11-9.
 
1. 	For the subsidized fertilizer sector, overhead was calculated on tle basis
 

of the following assumptions:
 

a. That two hundred employees are engaged in fertilizer functions as a 

part 	of the national-level staff.
 
b. 	 That the employees allocate 50% of their time to fertilizer functions.
 

c. 	 That the expenses of employee operational cost are 50% of base salary, 

i.e., office, vehicles, travel, etc. 
d. 	 That an average base salary for employees including benefits is
 

FCFA 450,000.
 

This overhead for subsidized 
fertilizer is calculated to be FCFA 1,189/mt.
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Table 11-9. Typical Fertilizer Cost Per Ton by Items in 1985
 

Item FCFA/mt 

Product cost (c.i.f. Douala) 100,000
 
Port handling 14,692
 
Warehousing 

Interest 9,750
 
Facility 3,792
 
Handling 1,200
 
Transport 4,000
 
Depreciation 1,000
 
Insurance 
Management 125 

Subtota 1 19,867 
Transport 9,700 
Losses
 

Physical (5%) 5,000
 
Nonpayment (2.6%) 2,640
 
Risk money (12%) 16,917
 

Subtota 1 24,557 
Diverse (10%) 
 16,553
 
Distribution margins 4,000
Adm i ni strati on 610 
Overhead 1,189 

TOTAL 191,168 

Source: Consultants' estimates. 
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The total cost per ton of a typical fertilizer is estimated to be 

FCFA 191,168. The total operational capital requirement in 1984/85 for the 
64,332 mt of subsidized fertilizer, based on turning the capital once per 

year, amounted to FCFA 12.2 billion. Only the interest on inventory, based 

on c. & f. Douala prices, has been included. Working capital on other cost 

items, such as accounts receivable, staff, etc., has not been included. 

Interest on other marketing capital is not considered in these estimates. 

2. 	 To calculate the capital requirements for the nonsubcidized sector the
 

following assumptions are made:
 

a. Losses are estimated at 2% of the tons handled. 

b. Costs are based on delivered basis at distribution centers. 

c. Distributor margins are not applied.
 

d. Transport is included in costs even though the fertilizers are moved
 

most frequently as a backhaul in vehicles owned or operated by the 

parastatal. This is considered to be a lower cost than the published 

official rates. 

e. 	 Administration costs are assumed to be FCFA 2,000/mt.
 

f. Overhead costs are assumed to be FCFA 600/mt.
 

The capital requirement for the nonsubsidized sector becomes 

FCFA 146,400/mt. This is approximately the same amount as determined 
by SODECOTON based upon the delivered cost of urea at Goura. The 

total capital needed in 1984/85 for 40,724 mt of nonsubsidized fertilizer 

amomted to FCFA 6.0 billion. The total operational capital for both 

fertilizer channels is estimated to be FCFA 18.2 billiou annually. . 

large part of the operational capital requirements could be cut in 
half by turniug the inventory twice per year instead of once and 

having tighter management control of losses. 

Direct Retailing Cost of Subsidized Fertilizers 

RetViling cos;ts are difficult to determine because fertilizer sales 
are made by organizations that also carry out many other activities. Separate 

accounting costs for fertilizers are seldom made. For example, SEMRY has opera
tions geared to production of rice and not to retailing fertilizers. SEMIRY 
includes the cost of subsidized fertilizers in a package of int),ts that cost 

FCFA 156,000/ha in 1985. This covered cost for water, fertilizer, service, and 
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insecticides. A similar situation exists for SODECOTON and the sale of nonsub

sidized fertilizers to cotton farmers. UCCAO and a select few of the coopera

tives have more clearly defined a fertilizer retail operation although even here
 

their operations relate to the purchasing of coffee.
 

Retail cost calculations are based upon the following assumptions:
 

1. 	Total delivered costs are prorated between retail and nonretail functions.
 

2. 	The identified retail costs are not necessarily those paid by the retailer
 

in the present system.
 

3. 	Approximately t'o-thirds of the total warehouse cost is assigned to the
 

retail function.
 

4. 	Of the total cost of fertilizer in the current system, 15.6% is assumed to
 

be loss. Such losses include physical, nonpayment, and risk for handling
 

m",ies.
 

5. 	One-half of the administrative cost is prorated to the retail level.
 

The major retail distribution costs are estimated to be FCFA 34,031/mt
 

or 18% of the total cost of distribution (Table 11-10). From another position,
 

losses of various types amount to 65% of the identified retail costs.
 

In the case of nonsubsidized fertilizers, some of the ordering agencies,
 

primarily SODECOTON, sell fertilizers to farmers at their retail facilities. 

They in turn purchase the farmers' crop produce utilizing these same facilities.
 

The actual retail costs of fertilizers are included in a total cost for other
 

inputs and services that are provided to farmer customers. 

Other Costs
 

There are other costs that result from the current fertilizer system.
 

For example, making fertilizers available to farmers after the correct application
 

period has passed denies the farmer the opportunity to produce good yields and
 

prevents the profit potential inherent in his fertilizer purchase. This is a
 

lo;ss or cost to farmers and to the national economy. This cost may be 2-3 times
 

greater thin the direct losses identified in the present distribution system.
 

Anothe r indirect cost suffered by the national economy is the repair 

of road damage created by overloading trucks with fertilizers. 
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Table II-10. 	 Estimated Direct Retail Cost of Subsidized
 
Fertilizers in the Current 1984/85 System
 

Cost
 
Item FCFA/mt
 

Secondary transportation 4,000
Warehousing 
 11,058
 
Promotion 
 675
 
Losses 
 21,993
 
Administration 305 
TOTAL 34,031 

Source: Consultants' estimates. 
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There is also a cost to the national economy because scarce resources
 

must be allocated from the government's budget to support the present fertilizer
 

system.
 

Estimation of the Costs of Fertilizers by Product and by Nutrient
 

The costs cited in "Review of Fertilizer Costs" above were based upon
 

a product with a c.i.f. Douala cost of FCFA 100,000/mt in 1984/85. Comparable
 

costs for other products are cited in Table II-11. The port and retail costs
 

are calculated in part as a percentage of the c.i.f. value. The physical dis

tribution cost is constant for all fertilizer products.
 

It is interesting to compare these purchase prices with current world 

market prices (Table 11-12). For the most part the purchase prices are competitive 

with world market prices. The purchase price of ammonium sulfate and urea is 

slightly below the quoted world market price. The price of compound fertilizer 

20-10-10 was exactly on the world market price. The other products purchased 

were slightly above the world market prices. 

The delivered cost of nutrients at the retailer was calculated on the 

c.i.f. Douala cost of single-nutrient products, i.e., 46-0-0 and 0-0-60. The 

cost of phosphate was based upon the value of P205 in 18-46-0 (Table 1I-13). 

If nitrogen only is considered, ammonium sulfate (21-0-0) is an expensive
 

source of nitrogen when compared with urea (46-0-0) (FCFA 725/kg of N versus 

FCFA 401/kg of N). If the cost of K20 in potash (0-0-60) and the cost of P2 05 
in 18-46-0 are used as a basis of calculation, then the cost of nitrogen in such 

compounds as 12-6-20 is 60% higher than the nitrogen in urea (46-0-0). Also the 

P205 cost in such low analyses as 12-6-20 is more expensive on a nutrient basis 

than the P,205 in high-analysis products such as 18-46-0. 

The Current Extension Service 

One of the major constraints on fertilizer use in Cameroon is the lack 

of educational programs on crop production techniques including those related to 
fertilizer use on all crops and espec ially on food crops. The extension service 

should not spend time in allocating inputs but on more and better educational 

activities designed to teach the farmer the latest techniques for increasing 

yields and lecreasing cost of production. 
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Table 11-11. 	 Cost of Fertilizer Products at Different Points in the 
Distribution Chain in 1985 

c.i.f. Port Retail and 	 Total
Product 
 Cost Costs Delivery Costs Delivered Cost
 
- ---------('000 FCFA/mt) .----------

21-0-0 
 70 11.9 
 70.4 	 152.3
 
46-0-0 
 98.2 14.1 72.6 
 184.9
 
12-6-20 
 114 15.8 74.5 
 204.3
 
20-10-10 
 100 14.6 75.9 
 190.5
 
22-10-15 + 4S 	+1B 
 115 15.9 76.3 
 207.2
 
0-0-60 
 81 12.9 
 69.0 	 162.2
 
18-46-0 
 131.6 17.3 80.6 
 229.5
 

Source: SEPCAE data, Consultants' estimates.
 

Table 11-12. 	 Comparison of Current World Prices of Fertilizers
 
With Prices Paid in 1984/85a
 

World Market
Product 	 Purchase Price 
 Delivered Price
 
S-------
('000 FCFA/mt)-------

21-0-0 
 70 
 72
 
46-0-0 
 98.2 
 100
 
20-!0-10 
 100 
 100
 
12-6-20 
 114 
 108
 
22-10-15 + 4S 	 + lB 115 112 
0-0-60 
 81 
 80
 
18-46-0 
 131.6 
 120
 
a. FCFA 400 =US $1; c.i.f. Douala; ocean freight estimated at 
FCFA 400,000/mt from U.S. Gulf or European ports in all 5,000-mt lots.
 
All products bagged.
 

Source: SEPCAE Records, and Green Narkets, October 1985.
 

Table 11-13. 
 Nutrient Cost in Different Fertilizer Products at
 
the Farm Gate in 1985
 

Product _N 	 P2 o52
 

--------- (FCFA/kg of nutrient)----
21-0-0 725
 
46-0-0 401 
0-0-60 -	 271 
18-46-0 	 401 
 341 
12-6-20-b 401 341 
 271
 
12-6-20 1,078 341 271
 
20-10-10 	 401 341 271
20-10-10 	 645 341 	 271
 
a. Based on cost 	of nutrients in single-nutrient fertilizers. 
b. Based on cost of K20 in 0-0-60 and P205 in 18-46-0 only.
 
Source: SEPCAE records, British Sulphur reports, Green Markets,
 
October 25, 1985.
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The number of farm families per extension agent is often cited as a
 

measure of the potential effectiveness of an extension service. In Cameroon the
 

average number of families served by each extension worker, according to Kelso
 

and Gagne-Gervais (1983), varies by province and ranges from a high of 1,679 in
 

the North, Extreme North, and Adamaoua Provinces to a low of 139 in Littoral,
 

143 in Central and South, 191 in East, 266 in West, 592 in South West, and 616
 

the North West Provinces.
 

The national extension service appears to be very narrow in its educa

tional programs. Some parastatals have good extension programs on specific
 

crops, i.e., SOIDECOTON on cotton, cooperatives on coffee, etc. The national
 

extensioN service has worked with the parastatals and plantations on cultivation
 

practices. For the most part, parastatal staff seemed to feel they were ahead
 

of the extension service staff on current practices. Parastatals are in the 

process of starting up educational activites on associated food crops. The
 

Agricultural Census shows that 
the cocoa c:op accounts for only approximately
 

one-fourth of the farmers' total income. The extension service is serving this
 

segment of agriculture more than the food crop sector. The extension service
 

can increase the farmers' 
income by teaching modern methods for the production
 

of all food crops. There seems to be a prevailing idea that farmers can produce
 

traditional food crops without new technology.
 

The shudy team found very little evidencc of educational programs at
 

the farmer level carried out by private input suppliers. The extension service
 

did not appear to be working with the private sector on the transfer of tech

nology. This sector 
is a large untapped source of technology and an established
 

avenue for the transfer of information to farmers.
 

The study team found that SEMRY, SODEBLE, and others had formal extension
 

activities in the past, but these programs have stopped for various reasons.
 

Their extension activities appcar to be confined to their project farmers with
 

very little information escaping to nonproject farmers. The MIDENO Project in
 

the North West Province, the Wum Development Authority, the Upper Nun Valley
 

Devetopment Authority, and to 
some degree UCCAO in West Province have educational 

programs that benefit the general farming community through actual crop produc-

Lion programs. Each of the IRA stat ions has a program for training. 

General crop production bIlletins, leaflets, etc., containing specific 

recomiendations for fertilizer use were not generally evident at the farmer and 

fertilizer retailer level. In the past leaflets have been available from time
 

to 
Line. One leaflet on tools for use in planting was available (Appendix ).
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At the time of this study, fertilizer recommendations for crops culti
vated by farmers in each ecological zone were under preparation by IRA. 
 This
 
informatLion is 
badly needed and should greatly benefit the fertilizer use programs.
 
Additional research is needed, however, 
so that more appropriate fertilizers can
 
be matched with soil and crop requirements.
 

There is a need to provide government extension personnel 
with regular
 
training and necessary information. Some retraining is being undertaken.
 
SODECOTON schedules a meeting at 
least once per year to update their agents.
 
HIDENO at Bamenda has a program for familiarizing agents with the latest crop
 
production techniques and input recommendations 
 based on Cameroon research data.
 

The study team failed to find evidence of extensive use by extension
 
agents 
 of radio programs, farmer meetings, poster materials, billboards, field 
plot signs, point of purchase identification, and other media normally accepted
 
as extension educational tools.
 

Personnel Requirements to Manage the Present Fertilizer System
 

To adequately evaluate personnel who are 
involved in the current 
fer
tilizer distribution system, a study of individual performance against specific
 
job descriptions 
or at least against job assignments would have to be made. 
Job
 
descriptions, written or oral, 
were not generally found. In evaluating personnel
 
assigned to 
the current system, the following functions were reviewed:
 

1. Management (administration). 

2. Forecasting. 

3. Ordering and purchasing.
 

4. Financial management. 

5. Product planning. 

6. Sales. 

7. Promotion. 

8. Documentation. 

9. Market research. 

10. Physical 
distribution including warehousing and transportation.
 

11. Pricing/economy of use. 

12. Evaluation and control procedures. 

13. Persomnel development. 

14. Soil fertility research. 
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Those management skills relating to 
in-depth planning, organizing,
 
implementing, and evaluating had not 
been generally developed and put into
 

operation. A need for more 
fertilizer technology is very evident.
 
In 
evaluating !he fertilizer distribution personnel it should be
 

pointed out that the system itself 
often made the personnel appear to be ineffi
cient in job performance. Management appeared weak in many situations because
 
responsibility and authority for 
performance were not deiegated to the person
 
designated to carry out specific functions. For example, a physical inventory
 
of fertilizers by removing the bags, counting, and replacing them in 
nine ware
houses is conducted twice per year at SENRY. The cost of the inventory for
 
labor alone is FCFA 24/bag. This does not 
 include management time. This
 
procedure was started years ago 
 and continues even when it could be stopped by

good management. Management appeared to 
 be adequate in a few of the large para
statals where an 
 efficient fertilizer distribution program exists. 

Another area in which the subsidized channel makes performance of
 
duties 
 appear weak is the forecasting of demand. Because this occurs on a
 
yearly basis, 
 it creates problems in inventory management, transport, materials
 
handling, warehousing, and crop production for those engaged 
 in these downstream 
activities. The fertilizer tonnages that end up being imported are 
a function
 
of funds allocated and not of the effective 
demand at the farm level. The
 
ordering and purchasing of subsidized 
fertilizers are inefficient because of the
 
complexity of system that is followed. 

Performance of duties is weak as 
a result of either lack of knowledge
 
or ineffective implementation. Training is needed 
in such areas as soil fertility
 
and fertilizer research, administration, marketing, planning, organizing, directing,
 
documentation, promotion/education, 
sales techniques, warket research, economics
 
of use, 
fertilizer technology, physical distribution, communications, and personnel
 

development.
 

Generally, it can he stated that capable personnel to carry out fertilizer 
marketing functions are available in Cameroon but must be trained for specific
 
functions if a low-cost fertilizer marketing system is to be implemented. This 
is especially true for general management, finance, production, marketing, 
economics, and agronomy. A management system to select, train, 
and motivate 

personnel for acceptable performance levels is urgently needed. Personnel 
selection should be made for specific jobs with job descriptions. The best 
possible person should be selected for each position. If personnel are not 
available for a specific position, e.g., commercial agronomist or economist, 
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individuals should be selected for these positions and then given formal and
 
on-the-job training. 
They may be sent to a university or organization that can
 
provide the specific training. A currici±um on fertilizer technology and input
 
marketing that meets the needs in Cameroon should be established at the
 

universities.
 

Constraints to Fertilizer Use and Recommendations to Overcome Them
 

The current 
fertilizer system is a prime contributor of constraints to
 
fertilizer use in Cameroon. The constraints to fertilizer use can be categorized
 
on the basis of national policy issues and technical problems.
 

1. National policy issues.
 
a. Insufficient allocation of funds for the importation of subsidized
 

fertilizer.
 

Recommendation--Induce the creation of a self-supporting firm with
 
adequate capital to purchase and market the fertilizer needed to meet
 
the effective demand. 
 Remove subsidy on fertilizers to free up funds.
 

b. Subsidized fertilizers that are sold at a uniform price per bag or
 
ton, rather onthan the value of nutrients contained. This creates an 
economic waste by confusing the farmer on the selection of the appro

priate products. 
Recommendation--Price each fertilizer grade according to its concen
tration of nutrients and teach the farmer on ato purchase nutrieit 

basis.
 

c. 
 Use of relatively low analysis fertilizers, such as 21-0-0 (ammonium
 

salfate) and 12-6-20 (compound).
 

Recommendation--Develop a crop production program that includes the
 
newer, higher analysis fertilizers such as 10-30-10 and urea.
 

d. Low benefit/cost ratios reduce farmer interest in commercial crop 

production.
 

Recommendation--Ensure that the prices for crops maintain a favorable 
benefit/cost ratio. 
 This commits the GOC to stimulate production of
 
those crops to which it assigns a national priority or of those crops
 

in which Cameroon has a comparative advantage.
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e. 
 The 	lack of a national fertilizer sector plan.
 
Recommendation--Improve policy coordination among ONCPB, FONADER, and
 
the Office of tne President or 
the Treasurer to foster the establish.
 
ment and operation of a self-supporting fertilizer sector. 
 Engage an
 
experienced firm that has been successful 
in the development and
 
implementation of a country-wide fertilizer marketing and production
 
system to prepare a detailed plan.
 

f. 	 Need for upgrading management skills, generally.
 
Reconnendation--Employ experieaiced personnel 
to establish and operate
 
a fertilizer system and to provide in-service training for the develop
ment of the national staff. Use formal 
course work to orient front
 
line supervisors to their responsibilities.
 

g. 	 Limited rail system and primary and feeder roads, which restrict the
 
movement of fertilizers from port through market areas 
to farmers.
 
Recommendation--(a) Rail system--extend and improve the railroad
 
facilities to Eschang to offer lower freight rates and to 
ensure
 
sufficient capacity to deliver fertilizer to a high-consuming market
 
and to haul crop produce to markets. (b) National roads--provide tar
 
surface especially in the North West and South West Provinces and
 
between Bafoussam and Ngaoundere to allow year-around traffic;
 
(c) Provincial roads--extend these routes 
in the Central and West 
Provinces; (d) Departmental Roads (feeder)--substantially accelerate 
the allocation of funds for farm-to-market road construction especially 
in the heavily populated farming areas. This 	will particularly help
 
to 
lower the cost of delivering and improving access of fertilizer.s to
 
farmers and to assist with the movement of crop produce from farm to
 
urban market. Planners should expect a haulage of 8-10 mt of farm
 
produce for each ton of fertilizer sold for crop production.
 

2. Technical Constraints. 

a. 
 Draft in Douala port of 7.8 m, which is inadequate for utilizing
 

vessels of most economic size.
 
Recommendation--Employ 5 ,000-mt vessels until harbor will easily
 

accommodate larger vessels.
 
b. 	 Port unloading equipment that results in excessive physical loss and 

damaged products.
 

Recommendation--Construct adequate unloading facilities for fertilizers 
that would include facilities for handling, storing, and bagging bulk 

fertilizer. 
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c. Lack of rapid and frequent communications to and from rural areas. 

Recommendation--Extend and improve rural telephone, telex, and courier 

networks. 

d. inadequate dockside storage in Douala port where products are exposed 

to high-humidity conditions on a continuing basis. 

Recommendation--Construct a warehouse in the port area specifically 

for fertilizer storage that is suitable for the weather conditions. 

Transship fertilizers as quickly as possible from the port area to the 

drier consuming areas. 

e. Insufficient transportation capacity to accommodate rapid movement of 
fertilizers from the port area to primary distribution centers. This 

often leads to freight rates as high as 21 times the approved rates. 

Recommendation--Employ a minimum of two contract haulers of adequate 

capacity to transport fertilizers from the Douala port warehouses to 
market areas on a regular and continuing basis. This limits the wide 

fluctuations in demand for transport. 

f. Unavailability of a supply of appropriate fertilizer at the retailer 

when needed. 

Recommendation--Establish a continuing forecasting system and a centralized 

inventory management operation that can provide for a buildup of 

appropriate fertilizer stocks at each retail sales point in advance of 

sales during the cropping season. Provide for the maintenance of a 
safety stock and minimum stockage levels at all retail and other 

storage points to reduce stockouts to a reasonable level. 

g. Lack of transfer of information on crop production practices at the 

farmer level. 

Reconmmendations--(a) Establish educational programs, i.e., demonstra

tions, farmer meetings, literature and visual aids, as an integral 

part of the marketing system to educate farmers, especially those 

producing food crops; (b) train extension staff, retailers, and others 

on the use, marketing, and production of fertilizer products; 

(c) identify and support research on factors limitinug crop yields. 
h1. Too few market outlets for fertilizer and marketplaces for crop produce 

that are convenient to the food-crop farmer. 
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Recommendation--Establish independent retail outlets 
in all major crop
 
produce markets. Encourage fertilizer retailers to become buying
 
agents for crop produce, including food crops. 

i. 	 Retailers who are not adequately trained in fertilizer technology and 
who do not advise farmers on proper fertilizer use. 
Recommendation--Select retailers who will be capable of advising 
farmers on improved cropping practices. Provide the retailers with a
 
continuing formal development program and with on-the-job training 
with 	frequent visits by salesmen and agronomic service personnel.
 

j. 	 Inadequate fertilizer warehouse storage in the South West 	 Province. 
Suitable warehouses for fertilizer storage are also not available in
 
the best locations to serve 
retail and farmer customers in most provinces.
 
Recommendation--Mlake low-cost loans 
or grants available for warehouse
 
construction. 
 Construct closable warehouses of suitable size and
 
employ proven fertilizer handling and storage techniques. Warehouse
 
site 	se.lection should be based on the most efficient physical flow of 
fertilizers to the farmers. 

k. 	 Purchasing procedures that 
are so complex that they cause delays in
 
arrivals of fertilizers at 
the farm level. This increases inventory
 
expenses and denies farmers the profits 
from fertilizer use. 
Recommendation--Establish a private company that has the authority and 
capability to purchase, process, and market the required fertilizers. 
Authorize the company to operate on a profit and loss basis with a 
minimum of government restrictions. 

1. 	 Call for Tenders that fails to adequately specify the product quality, 
packaging, labeling, inspection, procedures, laboratory analytical 

methods needed. delivery time, and conditions.
 

Recommendation-- In tendering for fertilizers, 
follow the internationally 
accepted standards, such as those set forth in the USAI) Small Business 

Memo dated September 7, 1982 (see Appendix H). 
M. 	 Need for more research, especially on farmer fields, to determine the
 

ferti izer type, amourit, and methods of application for optimum food-cro1) 
yields. At present, nutrieiits are not applied according to soil and 
crop requirements in most cases. This results in a waste of nutrients. 
Research should include all nut rients essential for crop production. 
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Recommendation--Establish an accelerated national food-crop production 

research program. The program should link researcher, extension 

workers, fertilizer marketing system, and farmers in determining 

site-specific solutions to crop production problems. The required 

equipment to perform evaluation of soil fertility research should be 

provided. 

n. Use of 50-kg bags of subsidized fertilizers, which are broken down and 

repackaged into small bags for resale at prices above the official 

rates. Presumably this is to satisfy financial and transportation 

limitations of a class of customerq. 

Recommendation--Establish a test market to determine channels, products, 

and appropriate package size of fertilizers for the nonfarm and small 

holder markets. 

o. Need for a wider selection of fertilizers to better meet the soil and 

crop production conditions. 

Recommendation--Introduce high-phosph- e fertilizer grades where 

possible and substitute urea for anunonium sulfate. Determine the need 

for and supply lime and other nutrients as research indicates. Establish 

a blending system to allow more production of fertilizer grades required 

for best crop production. 

p. Possibility of limited crop response to fertilizers caused by the 

insufficient use of lime to supply calcium and magnesium and to reduce 

aluminum toxicity. 

Recommendation--Develop an economical source of agricultural limestone 

and market through fertilizer channels. 

q. Existence of areas where soils supply insufficient amounts of sulfur, 

boron, zinc, and perhaps other nutrients for economical crop yields. 

Recoiunendation--Conduct research to define deficient areas and to 

determine crop response levels for each nutrient. Select appropriate 

supply sources and market through fertilizer channels. 

r. For many farmers, limited purchasing power for essential inputs, 

whether they be fertilizers, improved seed, or plant protection chemicals. 

The small holders are more affected than the larger farming operations. 

Recommendation--Establish an agricultural production credit bank and a 

plan for making loans available to farmers for the purchase of essential 
inputs. The loan program should be on a self-supporting basis. 
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Credit
 

The study team was 
inrormed by several distributors that the lack of
 
purchasing power at 
the farm level was a major constraint to fertilizer use in
 
the present fertilizer distribution system. In an agro-socio-economic survey of
 
farmers in Norththe West Province in 1982 conducted by the Testing and Liaison 
Unit of the National Cereals Research and Extension Project, it was found that
 
credit ranked second only to labor among constraints lin, sing increased agri
cultural production by small farmers. In their 
sample 41.5% of farmers claimed 
to have used credit in the past; however, only 21.8% secured loans in 1982. The 
average loan was FCFA 109,766. The following sources of credit were used by 

farmers sampled. 

Source of Credit 
 % of Farmers
 
Credit unions 
 34.5
 
FONADER 
 29.7
 
Cooperatives 
 16.4
 
Friends and neighbors 
 12.7
 
Banks 
 4.2
 
WADA 
 2.4
 

Recommended Fertilizer Marketing System
 

Need for Change
 

The present fertilizer distribution system has served Cameroon well by 
introducing and making fertilizers available to 
many farmers. To encourage food
 
self-sufficiency and 
to earn foreign exchange from the sale of crops, the time
 
has come to 
increase fertilizer consumption even more than what the present system
 
has been able to 
do. The government is subsidizing the system heavily at the 
present time in areas of administration, procurement, transpcrt.atilon, inventory 
storage, losses, and product pricing. 
The cost of a typical fertilizer is esti
mated at FCFA 19 1,1 6 8/mt in 1985. The subsidized sector used 64,332 mt in 1984/85. 
At the above estimated cost and given a subsidy rate of 79.1%, the budget- require
ment was FCFA 9.73 billion in 1984/85. When fertilizer consumption is small, the 
cost to the government is small. When consumption becomes large, the cost like
wise places an increasing financial burden on government resources. Because of 
this continuing financial and manpower drain, government-managed marketing systems 
will not rapidly expand fertilizer sales. The present fertilizer distribution 
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system has so many problems with structure and constraints that a new and com

plete fertilizer marketing system is needed to overcome the constraints to
 

fertilizer use and increase fertilizer consumption to the desired level.
 

A government by nature of its primary responsibilities is usually not 

structured or managed to operate on a commercial basis. Governments perform 

strategic planning, formulate policy, and respond directly to social concerns. 

Activities that cannot be operated on a self-sustaining basis must remain a 

function of the government. As many operational activities as possible need to 

be operated by the private sector. The conclusions reached by the study team is 

that it is time for the 	Government of Cameroon to relinquish operational control 

and 	 shift to a self-supporting commercial system for the fertilizer sector. 

The 	 recommended fertilizer marketing system is designed to increase 

fertilizer sales and food-crop production. This will be accomplished through 

the 	widespread use of promotional activities, i.e., research, demonstrations, 

field days, advertising, training, etc. The system will make the right fertil

izers available to farmers on a timely basis. There is a synergistic effect when 

all components are implemented together. These activities will more than offset 

the adverse effects of an increase in price caused by reducing the fertilizer 

subsidy. By eliminating the subsidy the government can use these funds to 

support the fertilizer marketing system in other ways. 

Concepts 

Several different marketing concepts, organizational structures, and 

methods of ownership were evaluated in designing the recommended marketing sytem. 

The concepts used by the Recommended Fertilizer Marketing System (RFMS) 

would be as follows: 

1. 	 Establish objectives for long-term growth. 

2. 	 Develop a strong competitive position. 

3. 	 Develop the entire fertilizer market. 

4. 	 Seek new opportunities for additional product lines. 

5. 	 Develop lpersonnel to a high professional level. 

6. 	 Operate at a reasonable profit and lower the cost of fertilizer to farmers. 

7. 	 Recognmize that the firm operates in a medium-risk environment. 

8. 	 Provide all fertilizer nutrients needed according to soil and crop
 

conditions in the most economnical forms anid manner.
 

9. 	 Market crop production programs and encourage the adoption of an appropriate 

package of practices by farmers. 
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10. Establish a channel to reach small farmers who buy a bulky product infrequently 

asnd 
in small amounts. They also require other essential inputs to achieve 

benefits from their purchase of fertilizer. 

11. Develop an intensive and strong promotional program to encourage the proper 

use of fertilizers at the farmer level. 

12. Require all retailers to adhere to government policies on product pricing. 

13. Obtain favorable policy decisions from the Cameroon Government whereby the 
recommended fertilizer marketing system can operate efficiently within the 

existing environments. 

a. Ensure that there are at least two fertilizer companies and that each 

has its own supply of fertilizer raw materials and is experienced in 
market development. The companies will be authorized by the government 

to provide all the required fertilizer needed to meet demand at the 

farm level. Other companies may come into operation as business justi

fies their existence. The companies will have unrestricted rights to 

import fertilizer and materials required to meet demand. 

b. Encourage each company to develop an independent franchise-type retail. 

network to service the demand and to encourage competition at the 

local level. The marketing organizations will be authorized to have 

complete freedom to determine their retail network and to establish 

the criteria for their retailer selection. 

c. Authorize the companies to hire, promote, and fire personnel in keeping 

with established private industry norms in Cameroon. 

d. Allow the companies to establish career development programs and 

ensure training for the advancement of each employee.
 

e. Allow each company to assume responsibility for its own promotional 

activities with regard to market development.
 

f. Base subsidy payments on total cost. Subsidy payments should be made 

directly to the company. 

g. Authorize each company to enter into the production and marketing of 

other inputs including ground limestone, gypsum, other soil amendments, 

pesticides, and other crop production inputs as it may d.m necessary 

to achieve the company's objectives. 

h. Authorize each company to purchase crop produce through retail networks. 

1. Authorize each company to acquire capital from local or international
 

sources as required to operate efficiently. 
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j. 	 Ensure that the companies exist as legal incorporated entitites and 

thereby are responsible for their actions. 

Organization of the RFMS
 

On the basis of these concepts and policies, the RFNS envisions the 
establishment of a conmercial company which would operate with specific marketing 
targets and in a competitive environment under a responsible manager. It would 
consist of at least four functional units: marketing, production, finance, and 
personnel. It would benefit from strategic planning and could be planned as an
 

autonomous, self-supporting commercial company.
 

The marketing management of the recommended system should collect
 
specific data going beyond 
a broad scanning of the micro- and macro-environment
 

and its general understanding of how farmers and fertilizer systems work. 
 To
 
gain 	 real insight into the future for Cameroon fertilizer, the company will need
 
to undertake formal marketing research and information gathering. Such research 
is an indispensable part of modern marketing management. An ongoing forecasting
 
and internal information system is essential for a day-to-day program of sales
 
and distribution. Narketing practice calls for dividing the market into 
major
 
market segments, i.e., retail 
and wholesale channels. Because the wholesale 
(nonsubsidized) channel to 
plantations and parastatals provides much of its 
own
 

technical an'] agronomic services, this channel can be covered with little
 
expenditure of company support resources. The small farmer can be reached
 
through a series of 
 locally owned and operated input supply organizations having
 
a retail network (dealers). This would be a retail channel and receive 
 full
 

support from the company.
 

Many factors influence the strategy 
 to be pursued by the marketing arm 
of the recommended company (Figure 11-6). The resources of each channel are
 
focused on the end users. 
 These resources are controllable variables and have 

been 	 grouped into four elements: P, = product quality; =P, = 	 price; P3 place;
and = promotion. At anyP4 one time, these resources can be budgeted. The 
optimum weight assigned to each element in this marketing mix (Figure 11-7) must 
be in keeping with the company objectives and the needs of each channel. These 
can be adjusted in the planning cycles. The organization canm increase the 
number of its retailers and raise its sales promotion efforts in the short run. 
The devel.opment of markets for new products occurs over a longer period. 
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Figure 11-6. Factors That Affect the Recommended Fertilizer Company's Marketing Strategy. 
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The RFMS will offer a slate of fertilizers and perhaps other crop
 
production inputs. 
 Each product will have special features, packaging, branding,
 
development, and servicing policies. 
 These must be enunciated in an annual
 
plan. Another important marketing decision variable is price. 
 The recommended
 
marketing organization will submit 
its recommended price for each product to 
the 
Ministry of Plann ig for approval as long as fertilizers remain under direct
 
subsidy. Place stands 
for the various activities that 
the company must undertake
 
to ensure that the 
right product is in the right retail outlet at the right time
 
to meet 
the needs of the target customers in each channel. The company must
 
identify, recruit, and 
link retailers, facilitators, 
and supply sources so that
 
its product-service components efficiently reach the market. 
 Promotion stands
 
for the many activities undertaken by the company to 
communicate the merits of
 
its crop production programs 
to customers 
and to persuade the customers to buy
 
them. 
 The company plans and operates 
a wide range of sales promotion activities;
 
arranges publicity; dispatches sales staff to 
solicit orders; develops literature,
 
media material, 
and point of sale items; and buys advertising to promote its
 
crop production program and fertilizer;. These activities are enunciated in
 
detail in the annual marketing plan.
 

Experience has shown that 
the strongest fertilizer companies in the
 
long run are the ones 
that have supply and marketing responsibilities under a
 
single management body. The recommended fertilizer marketing component of the
 
company takes advantage of this concept.
 

OrganizatioalStructr 

The first step 
in designing a marketing system is to determine the
 
corporate and marketing objectives and develop an organizational structure that.
 
will allow 
the system to function effectively. Each function that 
is to be 
carried out within the organization contains 
an inherent responsibility to help
 
accomplish 
the marketing objectives.
 

Channel Functions 

1. Supplies will 
be ubtained in quantities required to meet inldividual company 
needs. The competing vomrpanries wi-1l of necessity purchase ferti l zers at 
the most advanrt.ageous periods 
at world market prices. 

2. Licenses to import supp I i s wi IJ he prov i ded by the Mi n i st ry oh Commerce 
and Trade or its agency to cover the quantitieus of lertilizers required. 
The license to import 
willIe provided on a tirely basis and without un

necessary 'est and (helavs. 
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3. 	Quality control will be maintained. Uniform fertilizer laws should be 

instituted. A national agricultural organization with staff posted in the 

field should have responsibility for implementing the control lavs. This 
organization will make chemical analyses of fertilizers offered for sale to 
farmers to ensure guaranteed analysis and will determine bag weights to 
ensure that proper weights are 	 reaching the farmer. The organization will 
conduct studies and monitor the marketing system to ensure proper fertilizer 

pricing and competition at local aad national levels. 
4. 	 Wholesale channel wilt be determiaed by the company marketing sLaff on a 

value basis. Several large parastatals and plantations will be sold fertilizer 

on a wholesale basis. The wholesalers by contract will not be authorized
 

to resell fertilizers to retailers or to other farmers. Possible current 

wholesaler accounts would include SODECOTON, CDC, HIEVECA, SOCAPALM, PAMIOL, 

SENIRY, and ANACAI1. 

5. 	 Retailers will be selected according to established criteria by the company
 

marketing staff. See Appendix 
 I for a list of the types of criteria that 
should be considered. The retailers will store, sell, and promote the use 
of fertilizer at the farmer level. The rrtailer will he the focal point 

for 	developing the fertilizer business in Cameroon. Retailer educational 

programs will be provided by the company markeLing staff. Retailers will 
be expected to attend training sessions. Retailers will be expected to 
help farmers acquire a supply of all needed inpuSts and a place to market 

crop produce. 

6. 	 Farmer satisfaction is the end result of all activities to he carried out 

by the marketing organization. 

When the company is formed, one of the first activities should be to 
prepare a detailed 5-year marketing plan which will include seven component 

plans: (1) products, (2) sales, (3) promotion, (4) marketing research, (5) dis
tribut ion, (6) price, and (7) personnel deveIopment. The weight to be given 
each determines the marketing year f 

the apprOdnching 

mix. Each lit tifh-year plan is added and 

yer's plan is updtlLed for implementaLion. Key features of Lhe 

plans are briefly discussed to offer an addiLional means of understanding com
ponent parLs of ani effective marketing sysLem. 
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I. Product Plan--An annual product plan should be based upon research
 
findings and improved practices. 
The product slate should be selected to meet
 
the farmers' requirements. 
The plan will 
include product and package specifications,
 
brand, and product identification.
 

Current research data, as discussed in Section I, provide the basis
 
for the product slate. 
 The agronomic requirements for crop production in Cameroon
 
at present can be met with grades of fertilizers having a 2:1:1 and 
1:3:1 ratio
 
plus additions of urea 
and potash where needed. Thus, the following product
 

slate has been selected:
 

20-10-10
 

10-30-10 + 5S
 

13-26-13 + 5S + 1B 

19-19-10 + 5S + 1B
 

Urea
 

Muriate of potash (KC1)
 

Methods for supplying the recommended slate of products are described
 
in the section entitled "Technical/Economic Assessment of Fertilizer Supply
 
Alternatives." 
 These methods include importing compound and straight materials
 
in bulk and bagging them locally in addition to bulk blending a number of mate
rials to obtain the recommended nutrient ratios.
 

In Phase I--year 1987, the product slate stipulates that 6,000 mt of
 
fertilizers will be imported and supplied to the 
new recommended marketing
 
company. 
This will be used primarily to test the system. In Phase II, i988,
 
50,000 mt of product will be imported; one-half is to be in bulk and bagged
 
in-country. In Phase III, 
70,000 mt of bulk fertilizers will be imported and
 
bagged in-country. 
 In Phase IV, 90,000 mt of bulk fertilizers will be imported
 
and bagged in-country. 
During Phase V, enough material to produce 110,000 mt of
 
product will be imported and "agged, either as 
bulk blend or straight material,
 
depending upon the feasibility of bulk blending.
 

2. 
Sales Plan--The saJes staff, utilizing available informatiop from
 
each retail and wholesale account, will 
forecast the tonnages of each product
 
required and the 
 this basis
time it will be needed. On the sales plan establishes
 
sales objectives and means of accomplishing the objectives. 
The country will be
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divided into sales 
zones and territories as 
required for effective management.
 
A sales representative will 
be employed for each territory. The sales plan will
 
be prepared by the sales representative and will contain a sales forecast by
 

retailers, by products, and by time periods.
 

A detailed sales forecast and plan 
can only be prepared after the
 
staff has been stationed in the field and has begun to 
know the local situatiou.
 

Target Markets--The company during Phases I-IV should concentrate 
on
 
crop production programs for the subsidized and 
food-crop markets. 
 The 20-10-10
 
will be continued for coffee and will be used as 
a general type of fertilizer by
 
those that do not sidedress with urea 
and ammonium sulfate.
 

The company will introduce a crop production program featuring 10-30-10.
 
It is high in phosphate and makes 
a good basal application for most crops. The
 
extra nitrogen required 
can be added by sidedressing with urea. Through promo
tional efforts 
the company wili increase urea sales.
 

One of the grades the company expects to start phasing out in 1987 is
 
12-6-20. Where more potash is 
needed, 0-0-60 will be marketed.
 

Parastatals and plantations will continue to 
use such grades as 10-10-20,
 
15-15-15, 15-20-15, and 22-10-15 which can be supplied from the company bagging
 

facility.
 

In Phase IV, the company will commence a sales program through the
 
wholesale channels that will offer locally blended products like 13-26-13 + 5S +
 
1B and 19-19-10 + 5S + lB. 
 The compound fertilizer 13-26-13 + 5S + 1B, will be
 
targeted for wet cotton-growing areas 
where sidedressing with urea 
can be done
 
on a practical basis, and 
the 19-19-10 + 5S + 1B is for the dry cotton-growing
 
area where sidedressing is not as practical from an 
agronomic viewpoint. By
 
Phase IV, in 1990, there is a possibility of selling to the parastatals and
 
plantations. 
 By 1991 this figure should increase. This should increase as bulk
 

blending becomes possible.
 

If the recommended changes are 
adopted, the fertilizer consumption in
 
the entire subsidized fertilizer sector is estimated to be 
as follows:
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Estimated Fertilizer Consumption for the
 
CurrentlySubsidized Sector a
 

Fertilizer Grades

Year 20-10-10 12-6-20 
 10-30-10 Urea 
 AS
 
1987 46,085 8,000 0 
 22,277 11,181

1988 50,749 2,999 3,999 
 24,261 10,238

1989 37,487 
 - 7,998 34,747 9,300

1990 36,453 
 - 12,000 40,028 8,364
1991 37,391 - 16,002 44,958 7,431 
a. 
At the present benefit/cost ratio.
 

3. Promotion Plan--Promotion includes personal selling and educational
 
programs, i.e., field days, farmer meetings, demonstrations, soil testing, 
posters, etc., as 
well as research programs, advertising, and sales promotion
 
activities. 
 Objectives for each of these activities will be included in the
 
annual plan by 
time periods and methods of accomplishing each. The promotion
 
activities are 
essential to expand fertilizer marketing and encourage farmers to
 
shift to better farming practices. The agronomic staff, salesmen, and retailers
 
will assist with developing and carrying out 
the promotional activities.
 

4. 
Market Research Plan--Accurate base data are essential for planning
 
and operating a successful marketing organization. Upon formation each company
 
should start a plan for collecting and verifying data that are 
required for
 
planning and guiding future marketing operations. This responsibility, even in
 
a small company when a full-time market research staff is not 
practical, should
 
be assigned to specific staff members.
 

5. Distribution Plan--Based upon the sales forecast, an annual distri
bution plan is prepared as an 
element of the annual marketing plan. This plan
 
will utilize contracts with railways, trucking firms, warehouses, and ports 
to
 
accomplish objectives. 
 The plan should achieve a balance between the economics
 
of the operation and such factors 
as 
the level of service, warehousing, and
 
frequency of handling. 
A traffic analysis should be made. 
 The costs are 
determined and the level of service established in consultation with the Sales 
Department. The annual distribution plan should show inventory management, 
documentation information, the modes of transportation, delivery schedule, the
 



storage requirements, the primary delivery points, the means of in-transit
 
control, and the national freight and storage budgets. 
 It should establish the
 
essential liaison with accounting, sales, and supply functions and should also
 

establish communication procedures.
 

To provide assistance with making and operating a distribution plan, a
 
detailed discussion of important issues follows in the section entitled "Physical
 

Distribution Factors."
 

6. 
Price Plan--The creation of two or more companies to supply products
 
and market them in the most cost efficient manner will not fully guarantee
 
expanded fertilizer consumption and increased crop production. A sound pricing
 
policy to provide adequate economic incentives to all concerned in the marketing
 
system is essential. The price plan identifies and recommends the company terms
 
of sale and needed government action required for accomplishing the objectives.
 
The price plan should also include marketing margins, fertilizer prices, and the
 
role of subsidies at each stage within the marketing chain. The price plan
 
should be directed toward a free-market pricing policy by phasing out subsidies
 

on a practical basis.
 

The marketing margin for the company can be determined only after
 
actual costs are known. A normal guideline would be a net return to the company
 
of approximately 4%-5%. 
 This is considered a minimum requirement to attract the
 
best fertilizer companies to Cameroon. 
Savings in the current system can be
 
made to 
cover the marketing margin and still maintain the FCFA 191,168/mt price
 

to farmers at the retail store.
 

The fertilizer retail prices are determined by using the cost-plus
 
approach. The approximate retail price FCFA/mt for each product can be deter

mined as follows:
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Ex-Supply Price
 

c.i.f. price
 
P-rt handling charges 
Bags, bagging, loss, 
and handling
 
Blending cost
 
Insurance
 
Warehousing cost
 

Wholesale Price
 

Ex-supply price
 
Primary transportation cost
 
Company warehousing cost
 
Secondary transportation cost
 
Fertilizer loss in transit
 
Interest on working capital
 
Administrative cost
 
Promotion cost
 
Marketing margin
 

Retail Price
 

Wholesale price 
Retailer's commission to 
cover functions performed
 

The estimated current cost at retail amounts 
to FCFA 19 1,168/mt (see

Table 11-9). This is 
based on a uniform freight rate and a uniform retail price

policy. 
The RFMS can most likely operate within these costs and through its
 
organization have 
a reasonable margin. 
The estimated retail price is 
expected
 
to cover all the 
cost of marketing functions performed at 
retail level and earn
 
a nominal 
rate of return on investment, 
thus making the fertilizer system self
sustaining financially. A retailer's margin of FCFA 
10,O00-15,000/mt is recom
mended. 
With this margin the retailer must pay all retail 
costs of doing
 
business, i.e., 
storage, promotion, losses, interest, etc. 
 The margin should
 
provide the retailer a net return on 
investment of approximately 3%. 
A quantity
 
discount arrangement to provide retailers with an incentive program should be
 
considered. 
The pricing policy should be reviewed when the company is operational
 
and fertilizer sales increase.
 

An objective of the recommended fertilizer marketing system to be
 
implemented by the company is to increase fertilizer sales and food production. 
The savings through efficiency in physical distribution as compared to the 
present system will 
be utiiized in market development, i.e., promotional programs,

facilities, demonstrations, etc. 
 The price of fertilizer will 
not necessarily
 
be 
less per ton of product although it will be less per nutrient ton 
as explained
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in tile section on savings the system can offer. 
The recommended marketing
 
system has forecast an average selling price per ton of product during Phases I-

IV at FCFA 191,168 or $477.92 in constant 1985 prices. 
 This is at the present
 
cost of marketing fertilizers. 
 In Phase V the average price of fertilizer
 
should increase by FCFA 3,832/mt to FCFA 195,000/mt or $4 87.50/mt to 
cover
 

estimated increases in cost of fertilizer materials.
 

Fertilizer for the most part is profitable for food-crop production in
 
Cameroon. 
At present crop and fertilizer prices, the benefit/cost ratios for
 
most crops appear favorable. 
With the elimination of the subsidy, fertilization
 
at the recommended rate will still be favorable for most crops if the other
 
inputs and management practices are followed. 
As the subsidy is removed, the
 
same minimum benefit/cost ratio should be maintained or made better through
 
increased crop prices to keep the incentive favorable for the farmer. 
See the
 
section on "Economics of Fertilizer Use" 
for details. Attention needs to be
 
given to the farmer price for coffee. Some of the current benefit/cost ratios
 
for crops, as estimated by consultants and presented in Section I, Part I, are:
 

Crop Subsidized Nonsubsidized 

Arabica coffee 3.98 1.49 
Robusta coffee 2.48 0.68 a 

Maize 5.03 b .88 
Rice 6.66 2.88 
Sorghum 2.04 -
Cotton - Favorable 

a. Not profitable. 
b. Both irrigated and nonirrigated rice. 

7. Personnel Development Plan--The company will only be 
as good as
 
the people employed to represent it. The personnel department will have the
 
responsibility of screening and bringing into the company personnel who have the
 
ability to perform their assigned task. The function of the company training
 
program is to enable each employee to attain his greatest level of performance.
 
The personnel development plan should identify training targets for all co.npany
 
personnel and the different training means 
to meet them. Training requirements
 
for managing the recommended marketing system are 
given in the section on "Addi
tional Infrastructure Required to Support the Recommended Fertilizer Marketing
 

System."
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Figure 11-8A. A Model Commercial Fertilizer Organization Having Application for Cameroon. 
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Staffing
 

A model organization that is responsible for fertilizer marketing, which
 
has application for Cameroon, was used to prepare cost estimates and is shown in
 
Figure II-8A. 
The model calls for a staff of six (6) for the following positions:
 
1. Marketing Manager (General Manager).
 

2. Supply and Distribution Manager.
 

3. Finance/Accounting Manager.
 

4. Marketing Services Manager.
 

5. Sales Manager.
 

6. Personnel Manager.
 

It is suggested that these key positions be filled with expatriates
 
until such time as nationals can be trained to take 
over the 	responsibilities.
 
The Supply and Distribution Manager should be given combined responsibilities
 
until such time as the volume of business or bulk-blending and bagging operations
 
can justify dividing these staff functions. Plant operating staff for in-country
 
bagging have not been identified in the product plan; however, this has been
 
costed and is included in the ex-factory price. The following phasing calendar
 
indicates periods of services before being phased out.
 

It was estimated that the following field staff would be required:
 

1. Two agronomists.
 

2. One assistant sales manager.
 

3. Six field salesmen.
 

4. Two wholesale salesmen.
 

5. One market research supervisor.
 

6. One shipping supervisor.
 

7. Five 	clerks.
 

8. 	Five secretaries.
 

Support staff, i.e., 
guards, drivers, maintenance, etc., will be added
 

as needed.
 

Additional staff may be required and added as markets are developed.
 
First consideration is for sales and field staff working at the retail level.
 
With development of the fertilizer production component, the structure would be
 
modified 	as shown in Figure II-8B.
 

Phasing of Recommended Fertilizer Marketing System
 
The first step in building a self-supporting fertilizer sector is to
 

obtain commitment from government to withdraw from those fertilizer marketing
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activities 
that can best be carried out by private industry. The commitment
 

should include the approval for establishing the commercial companies. 
Without
 
this commitment, privatization of the fertilizer sector cannot be accomplished.
 

The 	government can provide leadership in privatizing the fertilizer sector by
 
educating the public on its 
intentions to have a self-supporting fertilizer
 

sector and .-stablishing a time-frame for government withdrawal from marketing
 

activities.
 

A new fertilizer marketing company takes time 
to build and become
 
fully operational and efficient. 
Phasing in the organization on a scheduled basis
 
can save resources in the long run. 
 A primary objective of a phasing period is
 
to transfer the responsibilities of purchasing, distribution, supply, pricing,
 

and promotion from public institutions to a private self-supporting marketing
 
system guided by a profit motive. The following phasing calendar is offered as
 

a guide in building an effective system.
 

Phase 1 (12-18 Months), Year 1 = 1987 

1. 	Create company
 

2. 	Structure organization.
 

3. 	Hire and train staff.
 

4. 	Develop a marketing plan.
 

5. 	Commence retailer selection.
 

6. 	Commence retailer training.
 

7. 	Develop a financial plan.
 

8. 	Import 6,000 mL of fertilizers (8% of forecasted subsidized fertilizer
 

consumption. The remaining 92% will be handled by the present system).
 

9. 	Commence engineering for bagging support facilities.
 

10. Commence retailer/farmer educational activities and agronomic field
 

testing.
 

11. 	 Leave subsidy and fertilizer sale price unchanged.
 

12. 
 Have company collect difference between subsidized price and the total
 

delivered cost from government as a part of a grant or low-cosL loan. 

Phase 1i (12 Months), Year 2 = 1988 

1. 	Continue retailer development.
 

2. 	Begin construction of bagging facilities.
 

3. 	Optimize distribution and warehousing facilities.
 

4. 	Develop next year's marketing plan.
 

5. 	Develop a financial plan.
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6. 
Import 50,000 mt of fertilizer bagged--one-half local bagging if
 
possible (62% of forecasted subsidized fertilizer consumption. The remain

ing 38% will be handled by the present system).
 

7. Commence a sales promotion campaign.
 

8. Continue training programs for staff.
 

9. Continue agronomic activities.
 

10. Reduce subsidy from 79.1% 
to 63.3% of actual total delivered cost.
 
11. 
 Have company collect difference between subsidized price and actual total
 

delivered cost per ton.
 

Phase III (12 Months), Year 3 = 1989 

1. Expand sales staff.
 

2. 
Develop next year's marketing and finance plans.
 

3. Continue retailer and staff training.
 

4. Expand retailer network.
 

5. 
Import 70,000 mt of bulk fertilizers for in-country bagging (82% of fore
casted subsidized fertilizer consunption. The remaining 18% 
will be handled
 

by the present system).
 

6. Phase out four expatriate staff and replace with nationals.
 

7. Intensify sales promotion activities.
 

8. Examine bulk-blending potential.
 

9. Intensify agronomic/educational programs.
 

10. Reduce subsidy from 63.3% 
to 47.5% of actual total delivered cost.
 
11. 
 Have company collect difference between subsidized price and actual total
 

delivered cost from government.
 

Phase IV , Year 4 = 1990 

1. Continue expansion of retailer network.
 

2. Continue training of retailers and staff as needed.
 

3. 
Prepare next year's marketing and financial plans.
 
4. 
Optimize sales promotion activities relating to advertising, education,
 

and research.
 

5. Install bulk-blending facilities if determined feasible.
 
6. (100% of forecasted subsidized fertil-


Import 90,000 mt of bulk fertilizers 


izer consumption).
 

7. Continue agronomic educational programs.
 

8. Rednce subsidy from 47.5% to 31.7% of actual 
total delivered cost.
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9. 
Have company collect difference between subsidized price and actual total
 
delivered cost from government.
 

10. Start a sales program with wholesale accounts.
 

Phase V, Year 5 = 1991
 
1. 	Continue expansion of retailer network.
 
2. 	Continue training of company staff and retailers.
 
3. 
Develop marketing and financial plans for the next year.
 
4. Import 110,000 mt of bulk materials (116% of forecasted subsidized fertil

izer consumption plus introduction sales to the nonsubsidized sector).
 
5. 	Continue educational programs for retailers and to farmers.
 
6. 	Optimize sales promotion programs.
 
7. 	Reduce subsidy from 31.7% to 
15.9% of total delivered cost.
 
8. 	Have company collect difference in subsidized and actual total delivered
 

cost from government.
 

9. 	Intensify wholesale programs.
 

Capitalization
 

The company will need to be capitalized. A procedure for tnis is to
 
form a joint venture private company that can be capitalized through grants or
 
low-cost loans from external sources 
to the Government of Cameroon. 
The GOC
 
will use 
loan funds te acquire shares in the joint venture company. A U.S.
 
fertilizer company basic in fertilizer materials and with a proven record of
 
market development should be solicited to purchase shares in one 
of the joint
 
venture companies. The advantages of a joint venture with a U.S. firm would
 
include the following: (1) access to experienced management skills for feltil
izer manufacturing and marketing; 
(2) proven experience in market development
 
especially involving services needed by small farmers; (3) availability of
 
appropriate fertilizer materials direct from a primary producer; 
(4) experience
 
in the manufacture of all types of fertilizers including bulk blending;
 
(5) facilities for the simplification of the logistics of supply; 
(6) experience
 
in forecasting demand for fertilizers and its synchronization with supply sources
 
for maximum cost effectiveness; (7) ability to 
train a cadre of national personnel
 
for efficient fertilizer sector operation; (8) experience in private sector
 
operations; (9) stability in fulfilling contractual objectives; (10) 
a source of
 
capital for the venture.
 

The capital requirements by phases are shown in Table 11-14. 
 These
 
requirements 
cover the entire cost of marketing, i.e., management, product,
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Table 11-14. 	 Capital Requirements by Expense Items and Phases for the
 
Recommended Fertilizer Marketing System
 

Items 	 Phase I Phase I I Phase III Phase IV 
 Phase V
 
-- - - - - - -	 - - -- (million $a) - - .. . 

Expatriate staff 1.00 
 0.67 0.32 
 0.32 0.16

National personnel 0.46 0.42 0.44 	 0.47
0.45 

Equipment 	 0.10 0.01 0.02 
 0.01 0.01

Distribution 	 0.47 3.96 5.54 7.12 
 8.70

Office 
 0.02 0.02 
 0.14 U.13 
 0.18

Vehicles 
 0.24 0.19 
 0.20 0.25 0.27

Promotion b0.10 	 0 20d
. 0.28 0.36 
 0.44

Fertilizersb 
 1.50 12.50 17.50 22.50 27 .50 g
 
TOTAL 
 3.89 17.97 24.44 
 31.14 39.05
 
a. Calculations made in constant 
1985 US $; to convert to FCFA multiply by a
 
factor of 400.
 
b. Fertilizer calculated at US $250/mt, c.i.f. Douala.
 
c. 6,000 mt.
 
d. 50,000 mt.
 
e. 70,000 mt.
 
f. 90,000 mt.
 

g. 110,000 mot. 

Source: IFDC 	consultants' estimates.
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distribution, and promotion at estimated delivered prices based on constant 1985 
prices. The total expenses in Phase I representing one and one-half years amount 
to US $3.89 million. These expenses cover 
the cost of importing 6,000 mt of
 
fertilizers equal to $1.5 
million and marketing startup costs 
such as employment 
training and posting of personnel, selection and training of retailers, and 
establishment of 
a physical distribution system. 
The expenses accelerate during
 
Phases 
If-IV because of the increased cost of the fertilizer tonnage required
 
for sales. 
 In Phase IV, 90,000 mt of fertilizer will be needed for sales. 
 The
 
system reaches a breakeven point during Phase II with 
revenue generated from the
 
sale of 50,000 mt of fertilizers. The 
revenue generated from fertilizer sales
 
is 
shown in Table 11-15. 
 In Phase II revenue generated amounts 
to US $23.90
 
million and sales expenses amount to US $17.97 million. 
The revenue reaches
 
US $53.63 million during Phase IV with marketing expenses of US 39.05 million.
 
Figure 11-9 A, B, and C grdphically shows the expenses, revenue generated from
 
fertilizer sales, and the removal of the subsidy by phases.
 

Subsid. 

It is recommended that fertilizer subsidies be phased out completely

during the first five phases of the project. The present 79.1% subsidy was cal
culated by determining the actual total cost of a typical 
ton of fertilizer
 
delivered for sale at. the 
retail level (FCFA 191,168). The actual cost paid by
 
the farmer at the official price (FCFA 40,000) was 
subtracted from the retail
 
cost. The difference between the 
two was divided by the actual retail price.
 
During Phase I the present 
 79.1% subsidy should continue. It is recommended
 
that the subsidy be reduced thereafter at the rate of 15.8% per year until at
 
the end of Phase V and by the beginning of 
 Year 6 it has been totally eliminated
 
as shown in Figure 11-9 C. The difference between the subsidized price and the
 
actual marketing cost per 
 ton is to be collected from the government and paid
 
directly 
 to the company headquarters. The amount of money collected from the GOC
 
is equal to the 
 total. delivered cost of a typical fertilizer (in 1985 US $4 77.93/mt.) 
minus the amount paid by the farmer at retail level. Table 11-15 shows the reduc
tion in subsidy and the 
 amount of money to be collected from the government. The 
total reaches a high of US $15.88 million in Phase III and reaches zero after the 
fifth phiase. 

Savin-_s 

In Phase V the company will. be selling an average ton of fertilizer at 
FCFA 195,000/mt (based on constant 1985 prices). This represents an increase of 



Table 11-15. 
 Comparison of Fertilizer Sales by the Recommended Marketing System With Current Forecast of
Subsidized Sales, Reduction in Government Subsidy, Revenue Generated b 
the Recommended
Marketing System, Marketing Ex-penses and the Subsidy Paid by the Government by Phases
 

(1) (2) (3) 
 (4) (5) (6)
Current(9 (7) (8)
CurrentDifference (9)
 
System Recommended 
 Recommended 
Recormended
Forecast of Between Total
System Forecast 
 Marketing Marketing Delivered Retail
Subsidized 
 of Subsidized Total
Systemb System
PhasesYear Cost and Subsidy Paid
Sales
('000 mt) Sales
('000 mt) Subsidz
(%) Revenue
(million $) Expenses
(million $) Subsidized Price($/mt) by Government
(million $)
 

I 1987 73.7 
 6.0 
 79.1 
 2.87 
 3.89 
 377.92 
 2.27
II 1988 76.0
III 1989 79.7 50.0 63.3 f f
23.90
70.0 17.97
47.5 33.45 302.42
24.44 15.12
IV 1990 83.7 226.92
90.0 15.88
31.7 43.01 
 31.14
V 1991 151.42
88.0 110.0 13.63
15.9 
 53 .63g 39.05
- 1992 - 77.51 
 8.53
0 
 -
 0 
 0
a. 
Represents IFDC recommendation of a constant 15.8% annual subsidy reduction.
b. 
Figures obtained by multiplying figures 
in column (4) by $477 .92/mt (or FCFA 191,168/mt) for Phases I-IV.
c. Figures from Table C
I-14.
d. 
Figures obtained by multiplying figures in column (5) by $4 77.92/mt for Phases I-IV and $48 7.50/mt for
Phase V.
 e. 
Figures obtained by multiplying figures in column (4) by those in column (8).
f. Breakeven period where revenue exceeds expenses by end of period.
g. Calculated at FCFA 195 ,000/mt or $4 87.50/mt times tons sold starting in Phase V.
 
Source: IFDC estimates in constant 1985 dollars.
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Figure 11-9A. Recommended Fertilizer Marketing System (RFMS) EstimatedExpense and Revenue by Phases.
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Figure 11-9B. RFS Fertilizer Sales Forecast by Phases.
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Figure 11-9C. Recommended Fertilizer Subsidy Levels by Phases. 
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FCFA 3,832/mt above the average current fertilizer cost per ton. During this
 
period and by year 1991, 
nutrient tons sold will increase from 38,356 to 46,221 mt
 
or by an increase of 20.5%. 
This increase is computed by subtracting the total
 
nutrients (in the tons sold of N + P205 + 
K20) in 1985 from the total nutrients
 
in the tons sold in 1991. The difference is then divided by the total nutrients
 
in the 'ons sold in 1985. Not only will the recommended system eliminate the
 
cost of ,:ubsidy to government, it will also lower the cost of delivering nutri
ents to 
the farmer, introduce new fertilizers, and increase the availability of
 
a timely supply of fertilizers to more farmers. 
 The saving to the government
 
due to the elimination of subsidy amounts 
to at least US $24.16 million or
 
FCFA 9.66 billion (Table 11-16) over the phasing period. This estimated govern
ment savings can be achieved by transferring the cost of the product from the
 
government to 
the farmer over the five phases of the program. The price farmers
 
pay per ton increases from US $100 in Phase I, the present situation, to the
 
full cost of US $487.50 at the end of Phase V. 
This is a direct savings to the
 
government. 
 The saving in improving the distribution system alone amounts to at
 
least US 
$36.15 million or FCFA 14.46 billion. The saving is computed by adding
 
the savings that are possible through reduction in physical losses, nonpayments,
 
and risk 
Losses, diverse costs, and interest on cost of carrying inventory. The
 
recommended marketing system provides other savings by eliminating government
 
staff involvement in purchasing and distributing fertilizers. In summary, the
 
proposed RFNS, when implemented, will save the government at least US $60.31
 
million or FCFA 24.13 billion. 
 In addition, it should be reiterated that the
 
proposed RFMIS will be financially self-sustaining.
 

Physical Fertilizer Distribution Factors
 

Activities
 

Physical distribution activities involve the transporting, warehousing,
 
materials handling, inventory planning and control, and the communications
 
required to manage them (Figure 11-10). 
 These activities should serve as 
sig
nificant decision points in developing the marketing strategy. They create time
 
and place utility, which maximizes the value of the fertilizers by delivering
 

them when and where needed. 



Table 11-16. 
 Some Government Savings (by Phase) Resulting From the Implementation of the Recommended Marketing
Systemna
 

(1) (2) (3) 
 (4) 
 (5) 
 (6) 
 (7)
 

Actual Delivered 

Through
Retail Cost 
 Government Savings Due
Farmer Government Improved
to Subsidy Reduction
Phases Distributin
Tonnages 
 Price Contribution 
 Per Metric Ton 
 Total-
 Efficiency


($/mt) (Imt) )c- (million $) (million $)I 6,000 100 
 377.92 

II 50,000 

_d d 0.665
177.51 
 302.42 
 75.51 
 3.77
III 70,000 251.02 5.545
226.91 
 75.51
IV 90,000 326.53 5.28 7.763
151.42 
 75.51 
 6.80
V 110,000 409.99 9.981

77.51 
 73.91 
 8.13
- (undetermined) 12.199487.50 
 0 77.51 (undetermined) (undetermined)g
TOTAL 


23.98 
 36.153
 
a. Calculated in constant 1985 prices.
b. 
Farmers' price plus government contribution is equal to actual total delivered cost of $4 77.92/mt for
Phases I-V and $4 8 7 .50/mt in Phase VI.
c. Government savings per metric ton is $75.51, 
i.e., 
15.8% of $477.92 for Phases I-IV and 15.8% of $487.50/mt
in Phase V. 
The difference represents the increase in price experienced by farmers in each phase.
d. 
In Phase I the current government subsidy rate of $377.92/mt continues; thus, there are no savings.
e. 
Figures in this column are determined by multiplying figures in column (5) by those in column (2).
f. 
Figures in this column are deteLrmined by reducing physical, nonpayment, and risk losses; diverse costs; and
one-third of interest on cost of carrying inventory. are estimated to be equal to FCFA 44,360/mt


These costs 

or $110.9/mt based on data in Table 11-9.
 
g. Undetermined because forecasts of tonnages 
to be sold were not made.
 
Source: IFDC.
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Figure 11-10. Fertilizer Physical Distribution Activities. 
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The fertilizer inventory system should be planned so 
that the amount
 
and kind of each fertilizer in stock can be determined on a continuing basis.
 
The record of amount of each product in stock at each outlet needs 
to be updated
 
monthly. 
A systematic method of determining efficient reorder levels should elim
inate shortages (stockouts) and avoid having too much capital tied up in inventory.
 

Not all of the tonnage can be stocked at retail level. 
 It is therefore
 
necessary for the company to operate intermediate storage facilities at 
least in
 
the early phases of the operation of the f~zm. 
 The following essential processing
 
functions should be performed by fertilizer warehouses: receipt of the various
 
fertilizers, sorting of the fertilizers by grades and/or package sizes, dispatching
 
of fertilizers, holding the products in 
an orderly manner, organizing a shipment,
 
recording all transactions. 
 During the early phases of the company operation,
 
it is desirable to lease warehouse space rather than 
construct new facilities.
 
A warehousing allowance could be paid to 
retailers for their construction of
 

approved fertilizer facilities.
 

The physical handling of fertilizers is important in efficient ware
house operations, as well as from production plants to retail outlets. By
 
selection of the appropriate procedures and techniques the usable capacity of a 
fertilizer warehouse can be increased.
 

Management of fertilizer movements 
requires that decisions be made
 
during the production, storage, and delivery stages of operation. 
 In the recom
mended marketing system, a key strategy is transportation of the products from
 
production site in Douala to 
a primary distribution center on 
a continuing basis.
 
Because of the broad network and conditions during the rainy season, fertilizers
 
cannot generally be shipped directly from the production site to 
retailers.
 
This increases the need for in-transit storage for the primary shipper at 
the
 
end of the tarred roads. The fertilizers should be stored in 
transit warehouse
 
until such time as 
smaller vehicles can haul the fertilizers on to secondary
 
warehouses and retailers 
as a backhaul operation. During the dry season and
 
when roads are passable, fertilizers 
can be shipped more directly down the
 
distribution chain. 
 The ability of the firm to provide delivery for the buildup
 
of stock levels is 
a key benefit that farmers want. 
 In the selection of a
 
transport firm the following criteria should be considered: cost, transit time,
 

reliability, capability, accountability, and security.
 

Because production occurs most economically on a regular and continuing 
basis and fertilizer is consumed seasonally, storage at some point in the total
 
system is mandatory. Storage at the retail sales points has proven to be the 
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best. Access to 
retail outlets by vehicles used for the primary movement reduces
 
the number of times the fertilizers are handled. 
 The quality of the fertilizer
 
can be preserved. 
Packaging, loading, and movement systems must be coordinated.
 
The package must be designed to protect the fertilizers during the many handlings.
 
The company plans 
to package the products in Douala. 
 Research to identify the
 
appropriate specifications for the packages to be used in the system will be
 
requ i red. 

Many activities must be carried out in the physical distribu
tion of fertilizers. 
 These activities have been conceptionalized by inter
relationships as shown in Figure II-11. 

I n fo rmation -Syst 
An information system for the physical distribution in the recommended
 

marketing system should link the supply (producing) point, the company head
quarters, field staff, and the retailers. Computers, memory systems, radio,
 
telephone, and courier services serve 
to facilitate the flow of information
 
among channel members. The information system serves to reduce 
costs and improve 
customer service. Forecasting of shipments and orders should be one of the 
principal functions of the field organizations. 

A substantial organizational burden exists in managing the necessary 
documentation. A Management Information System (MIS) should be established
 
within the Marketing Services Department. It performs six functions to maintain
 
an orderly flow of information: data assembly, processing, analysis, storage
 
and retrieval, evaluation, and dissemination. 
 In addition to the forecasting of
 
sales, the HIS should maintain a record of current freight rates and tariffs.
 
Dispatch documents that should use the rate data should also be computerized.
 
In addition, the revenue account, auditing procedures, and payment information
 
should be automated. 
 The data should be processed into managerial information
 
and reports. Each field territory should be set up 
 as a cost center so that all 
information concerning orders, payments, and functional costs--including those
 
associated with physical distribution--can be ascertained and compared with the 
planned data. In addition, multiple-copy po forma documents should be designed
 
to simplify document preparation. In this way, 
 the necessary copies of the bill 
of lading, freight bill, waybill, arrival notice, advice of shipment and delivery 
receipts can be made out simultaneously. In addition, the necessary information 
should be recorded and available for use in the preparation of invoices, state
ments, payment receipts, mailing lists, and ofsummaries activities. 
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Figure I1-11. Activities in the Physical Distribution System. 
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Because a sale involves the transfer of title it is of concern 
to
 
carriers and insurers. 
 Risk follows title. Carriers in the system should not
 
have title but should have possessicn of the fertilizers and should possess
 
liability for shipments. 
 The bill of lading serves as 
a receipt for fertilizers
 
and 	as a contract to transport them. 
 It also serves as documentary evidence of
 
title. Waybills should be used by carriers 
to facilitate the movement of the
 
fertilizers. 
 They should be prepared along with other documents Lo show the
 
freight agent, the origin, destination, routing, truck or wagon initials and
 
number, the consignor and consignee, the product grade, weight, rate, freight 
charges, and special notations regarding delay or damage to the shipment. 
The
 
advice of shipment should be sent by the company to the consignee, and it should
 
contain the same information that is on the waybill plus the expccted time of
 
arrival or 
free time allowed before demurrage is imposed. 
 Even if notification
 
is possible by radio or 
telephone, the document should still be forwarded. 
The
 
delivery receipt contains the 	same information as the bill of lading. It is 
prepared in two copies: 
 one 	for the carrier and one 
for the consignee. The
 
carrier should obtain the signature of the consignee for his use, and the
 
consignee should forward his copy to the marketing office for comparison with
 
the shipping documents and the resolution of any claims. The marketing office
 
should pay the carrier. 
 The 	freight bill should contain information similar to that
 
on 
the 	bill of lading and should show the total freight charges to be paid. 
 In
 
this system the distribution organization should pay the carriers within a
 
30-day period.
 

Seasonality of Fertilizer Consumption
 

To organize the physical distribution functions for the recommended
 
fertilizer marketing system, the seasonalities of fertilizer consumption must be
 
understood.
 

Timing of fertilizer application to 
the 	soil is dictated by climatic
 
seasonality, primarily rainfall.. 
 The 	seasonality should serve as a basis for
 
calculation of transport scheduling and storage requirements. For this
 
calculation a definition of these steps is needed:
 
1. 	Time of application use or conttion, is the month in which the
 

fertilizer 
is used in the field by the farmer. 
2. 	 Time of sale or offtake is the 	month in which the fertilizer is received by 

the 	farmer. For these calculations this is assumed to be one month prior
 
to application (see Figure 11-12). 
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Shipping plans should generally be based upon a time of arrival in
 
Douala of at least 2 months prior to the time of application. The amount of
 
aanual rainfall and its distribution by month varies generally from north to
 
south. 
 In the tropical rainforest area of the southern portion of Cameroon, the
 
season 
of rainfall is heavy and prolonged as shown in the introduction section.
 
In the northern provinces, the dry periods are 
longer and the rains arrive later
 
in the year. 
Appendix J shows the usual rainfall patterns. In addition, a second
 
set of diagrams gives the consultants' estimate of the most favorable fertilizer
 
application schedule in each province. 
These schedules are based on the planting
 
dates and the climatic pattern.
 

The onset of the rainy season in each province should determine when
 
fertilizer stocks should be in place at the local sales points. 
 An application
 
of basal or starter fertilizer is needed at planting time and a sidedressing at
 
a later period. The surface of the roads may deteriorate following the onslaught
 
of the heavy rains and prevent later deliveries. The required stocks must be
 
carefully planned. An approximate priority order for fertilizer deliveries 
to
 
provinces is indicated in Table 11-17.
 

The seasonality of ideal 
offtake in each province should be estimated.
 
An example of the overall national seasonality of offtake is shown in Table 11-18.
 
In the Extreme North, 70% of the fertilizers are used in 3 months, whereas in the
 
North West fertilizers are used throughout the year.
 

The overall offtake should be approximately equal during the months of
 
February, Iarch, April, May, June, July, and August. 
This would leave 5 months
 
of the year to build stocks at primary distribution centers as shown in Figure 11-12.
 

An example of 
a national stockage level is illustrated in Figure 11-13.
 

Infrastructure and Additional Government Policy Required to Support
 

the Recommended Fertilizer Marketing System
 

Evaluation of the Road Network
 

The Cameroon road system is classified into National Routes, Provincial
 
Routes, and Departmental Routes. This road network is shown in Figure 11-14.
 
All of the fertilizer primary distribution centers are accessible using the main
 
road network. Not all roads 
are new or of a high standard of construction, and
 
the Ministry of Equipment has a continuous program for road rehabilitation. The 
rate of road improvement in each category is shown in Table 11-19. The spectrum 
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Table 11-17. Approximate Priority of the Delivery
 
of Fertilizer to the Provinces
 
(Based Upon the Onset of the Rainy
 
Season)
 

Sequence Number 
 Province
 

1 
 Littoral
 
2 
 South West
 
3 
 South
 
4 
 West
 
5 
 North West
 
6 
 Central
 
7 
 East
 
8 
 Adamaoua
 
9 
 North
 

10 
 Extreme North
 

Source: 
 Rainfall data and consulta.is' estimates.
 



Table 11-18. Overall Seasonality of Offtake
 

a Quantity
Weighted Percentage of Annual Total in Montha 
 Weighting
 

Province Jan. Feb. 
 March April May June July 
 Aug. Sept. Oct. 
 Nov. Dec. of Province
 
Adamaoua 0.003 
 0.005 0.007 0.018 
0.014 0.01 0.016 
 0.012 0.008 0.003 
0.002 0.002
Central 0.018 0.036 0.1
0.054 0.114 0.048 
 0.036 0.06 0.102 0.072 0.003
East 0.018 0.012
0.038 0.152 0.247 0.304 0.6
0.152 0.133 0.266 
 0.228 0.209 0.076 
0.057 0.038
Extreme North 1.9
0 0 0.348 0.58 2.78 
 4.18 2.32 1.16 
 0.232 0 0
Littoral 1.53 3.37 5.20 

0 11.6

4.28 2.45 2.14 
 3.37 3.98 
 2.14 1.53 0.306 0.306
North 0 0 30.6
0.686 1.86 2.06 2.25 1.37 
 0.882 0.686 0
North West 0.693 0 0 9.8
1.68 1.19 0.792 0.693 0.792 1.29 0.99 
 0.594 0.495 0.396 0.297
South 0.025 0.04 0.07 0.08 0.04 9.9


0.035 0.045 0.065 
 0.06 0.035 0.015 0.01 0.5
South West 0.424 
 1.06 1.80 1.59 0.74 0.53 
 1.17 1.48 0.954 0.424 0.212 0.212 10.6
West 1.95 3.90 
 2.93 2.20 0.976 0.976 2.68 
 3.17 2.20 
 1.71 0.488 0.732 24.4
 
Overall
 

seasonality

(%) 4.68 10.57 12.5 11.8 
 9.95 11.4 12.6 12.1 7.14 4.28 1.49 1.61
 

a. 
Based on an average of 1984 and 1985 distribution.
 
Source: 
 Ministry of Agriculture Cropping Patterns and Consultants' Estimate of Delivery Schedules.
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Table 11-19. Evolution of the Road Network (km) in Cameroon 1972-84
 

Cat6gorie de Routes 
 1972 1974 1976 
 1978 1980/81 1981/82 1982/83 1983/84 1984/85

I. Routes bitum~es 1,417 1,610 1,977 2,271 2,495 
 2,506 2.522 2,782 2,912


Routes en terre

Nationales 	 1,195 1,021 2,002 4,184 4,184
996 	 4,195 4,222 5,100
Provinciales 
 2,339 2,468 2,822 3,915 6,069 6,069 
 6,129 6,133 5,561
Departementales 
 2,152 3,064 5,736 6,312 6,064 6,041 
 - 6,002 7,913
Rurales 	 6,034 6,196 
 5,526 4,171 13,913 13,913 13,923 15,428 12,409
Class E 	 7,959 9,315 9,240 
 10,004  -
 - - -

Total du r~seau
 
class6 	 20,947 23,848 26,302 28,675 
 32,725 32,714 32,781 34,567 
 33,905
 

II. 	Pistes Non Class~es
 
(estimation) 22,000 
 25,000 28,000 30,000 31,000 31,000 31,000 
 31,000 31,000


TOTAL GENERAL 42,947 48,848 
 54,302 58,675 63,725 63,714 
 63,781 65,567 64,905
 
Sources: 1. 1972-78: Banque Mondiale--Rapport 2225-CM-Rapport d'6valuation du IVe-Prrjet Routier.
 

2. 1980/81-1984/85: 
 MINEQ Budget d'entretien routier.
3. Des v6rifications sur les kilom6trages expliquent les baisses constat~es sur la 
longueur du
 
reseau.
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of road conditions therefore changes continuously. Although there are ibolated
 
lengths of road that are in poor condition, especially during the periods of
 
high rainfall, one of the main problem areas 
is the main road between Foumban
 
and Ngaoundere. 
 This untarred road segment is useful for the movement of fertil
izer to the North and Extreme North Provinces only during dry periods.
 

The surface condition of the roads as of July 1982 is given in
 
Table 11-20. In order to increase the length of road that could be tarred with
 
available funds, it has been necessary to 
design the main roads fairly lightly.
 
Most of them ha,'e design lives of about 7 years. This suggests that the country
 
will face considerable investment in maintenance, overlays, and rehabilitation.
 
However, this 
is not a problem confined specifically to fertilizer traffic.
 

The condition and 
extent of the farm-to-market (rural) roads limits
 
the establishment of primary distribution centers within short distances of the
 
farms 
(Table 11-20). The percentage of rural roads varies widely between provinces,
 
i.e., West 51%, North 16.5% (Figure 11-15). 
 The kilometers of each type of road
 
as 
of July 1984 is shown for each political subdivision in Appendix K, Table 1.
 
Of the total 2,922 km of tarred roads in Cameroon, 34.8% occur in two provinces,
 
Extreme North and North. 
Only 8.6% of the road network is tarred.
 

Essentially all vehicles used to transport goods carry payload in
 
excess of their rated capacity. Officially this is 10 tons per axle.
 

The Government of Cameroon has initiated a program of weighbridge
 
installation to combat this abuse, but 
as yet none are available for use. The
 
road damage situation is exacerbated by the fact that almost all articulated
 
vehicles used For transport of heavy goods in Cameroon are 4-axle (2-axle tractor
 
unit and 2-axle trailers, or 14-wheeler), 
rather than 5-axle (3-axle tractor
 
unit and 2-axle trailers, or 18 wheeler). A comparison of these two types of
 
vehicles is shown in Appendix K, Table 2. 
The damaging effect of the 4-axle
 
vehicle is considerably more 
than that of the 5-axle vehicle, particularly at
 
higher payloads.
 

Considering only the road transport costs, 
it is, of course, cheaper
 
to transport fertilizer in the largest possible loads of 30-35 mt. 
 But if
 
associated costs to the national economy in terms of road damage 
are included,
 
there is no 
doubt that the loads should be restricted. Resolution of the problem
 
of vehicle overloading is 
a national issue. The consultants suggest that two
 
immediate steps be takea:
 
I. Restrict all 
truck loads to a maximum of 35 mt, whatever the claims made by
 

the hauler. 
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Table 11-20. The Cameroon Road System (km) in 1984/85
 

Tarred 
 Soil Surfaced Roads

Province Roads 
 National Provincial Departmental Rural Total
 

Extreme North 406 267 
 721 935 1,210 3,539

North 612 325 
 362 1,091 471 2,811

Adamaoua 320 
 709 276 
 563 361 2,218
South 
 83 1,053 378 1,186 948 3,648

Central 396 916 
 1,100 1,854 2,161 5,827

East 34 810 1,161 1,040 1,100 4,154

West 232 144 
 692 647 1,787 3,502

Littoral 366 
 104 471 
 452 952 2,345

South West 395 
 313 145 
 486 1,471 2,740

North West 68 
 459 256 
 370 1,968 3,121
 
TOTAL 2,912a 5,100 5,561 
 7,913 12,409 33,905
 
a. 
2,141 km of national roads, 280 km of provincial roads, 11 km of departmental

roads, 26 km rural roads, and 363 km of city streets.
 
Source: Ministry of Equipment, Department of Highway, 1984.
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North 

Departmental (38.14%) 

Tarred Roads (21.39%) 

0National (11.36%) 

Rural (16 4%) Provincial (12.65%) 

West 
Rural (51.03%) 

SNational (4.11%) 

k o*' Tarred Roads (6.62%/)Provincial (19.76) , 

Departmental (18.48%) 

Figure 11-15. Composition of the Road System in North and West Provinces. 
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2. Give automatic loading priority to 5-axle vehicles whenever these are
 
available.
 

In view of the problems of overloading, it seems likely that the
 
Cameroon road system may exhibit increasingly rapid damage and deterioration
 
unless road regulations are enforced.
 

The extension of the road network and the general improvement of the
 
national 
routes are being studied by the Ministry of Transport. The consultants
 
asswe that special emphasis will be placed on the rural farm-to-market roads.
 
A prerequisite to agricultural development generally is the development of these
 
rural roads. 
 For example, for every metric ton of fertilizer moving into a
 
community, 8-10 mt of crop produce should move out to markets. 
 If farm-to-market
 
roads are not developed, fertilizer marketing will be limited and expensive, and
 
therefore food-crop production will be deterred.
 

Availability of Other Essential Crop Production Inputs
 
1. 
In traditional African agriculture, labor is one of the most expensive
 

inputs. According to aai 
 IITA and Ministry of Agriculture survey of 216
 
farmers by Atayi and Knipscheer in 1980, in Cameroon about 50% of the labor
 
force comes from work groups, 31% from family labor, 15.3% from hired labor,
 
and 4.7% from paid friends. About 52% of the labor is used for land
 
clearing, 24% for planting, 18% 
for seed bed preparation, 10% for weeding,
 
and 2% for harvesting. 
At least 50% of the farmers belong to at least one
 
work group. 
 The payment for the work group consists of food during the
 
work period. About 265 workdays/ha are required for the production of food
 
crops. Of this, 180 workdays are provided by work groups.
 

There is evidence of some migration to the urban areas. 
 The economically
 
active population in Cameroon agriculture remains at 79, as compared with
 
63% for all of Africa according to FAO data. Although there may be local
 
shortages, there appears to be adequate agricultural labor for hire.
 

2. Insecticides are 
100% subsidized by the central government. In 1984,
 
Camerooni imported pesticides valued at US $22 million. 
Even so, only the
 
export crops appear to 
receive pesticide treatment. 
These crops are treated
 
because adequate technical supervision is provided for the production of
 
the crops. 
 The study team did not find pesticides being specifically
 
channeled toward the production of food crops. 
 The recommendations for
 
their proper use were not being transferred to farmers. 
 In the survey by
 
Atayi and Knipscheer, only 3.7% reported using insecticides on food crops.
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Use 	is limited by short supply and lack of knowledge concerning their use.
 

The 	use of herbicides was observed.
 
3. 	Farmers spend very little on 
capital inputs for the production of food
 

crops. The Atayi and Knipscheer survey indicates that 73% of the farmers
 
spend less than FCFA 3,000 on farm tools. Most of their tools are locally
 
made. 
 The most popular tools are cutlasses and hoes, and they are
 
generally available. There is a need for labor-saving simple tools that
 
are 
suitable for small farm operations, i.e., solar-operated sprayers and
 

injector planters.
 
4. 	Except for groundnuts, 
the majority of farmers obtain their food-crop seeds
 

from previous harvests. For example, 75% of the farmers do not buy maize
 
seed, 47% do not buy groundnut seed, 99% do not buy rice seed. 
Of those
 
that do buy, most of the seeds are purchased from friends and neighbors.
 
Only 2% of those farmers that do purchase seed do so in the local market.
 

There is a seed multiplication program in the North for cereals and
 
cowpeas. 
 This program is just getting underway and is urgently needed for
 
improved crop varieties. New high-yielding varieties of maize and rice are
 
being developed on a limited scale, but there is no marketing system to
 
make them available to small farmers. 
 MIDEVIV has a program for the production
 
and marketing of food crops. 
 Food crop markets are urgently needed in most
 
farming areas in Cameroon. Food crop markets in agricultural expansion
 
areas are needed to give 
farmers a place to market their produce.
 

5. 	Most of the production credit available is associated with loans for the
 
production of export crops. 
 Most of the operational credit is advanced in
 
kind rather than as cash. It is recoverd through the purchase of the crop
 
produce. The South West Cooperative and UCCAO extended limited credit on
 
fertilizer purchases to their members. 
 However, a FONADER study showed
 
that 50% of the credit extended for fertilizer purchases was not recovered.
 
The recommended fertilizer marketing system in the North West Province will
 
utilize credit that is provided by FONADER in five different ways:
 
a. To selected smalilholder customers through a FONADER credit officer. 
b. To members of the North West Cooperative through the cooperative. 

c. To cooperatives as extended low-cost loans for operations.. 
d. To individual farmers who pay for 20% of the inputs in advance. 

e. To credit unions. 

Institutional credit for the purchase of fertilizers and other essen
tial inputs for food-crop production omi a national basis has not been fully
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developed. 
Farmers use practically no 
credit for the production of food
 
crops. The Atayi and Knipscheer survey in the East Province revealed
 
that only about 10% 
of the farmers had ever used credit. 
The majority of
 
credit users 
obtained credit from their friends. 
 Credit was mostly used to
 
pay school fees and for funerals and health care.
 

The study team found that the lack of purchasing power, including
 
credit means, 
limits the optimum use of essential inputs.
 

Availability of Structured Markets Where
 
Farmers Can Sell Their Crop Products
 

In Cameroon, prices are set by the government for several major crops,

including cocoa, coffee, rice, 
and cotton. 
 Cocoa and coffee prices are controlled
 
in Cameroon by the ONCPB. 
This agency historically has set prices at a level
 
where farmers receive about half of the actual world market prices (see Tables 1-31,

1-38, and 1-43 for Arabica coffee, Robusta coffee, and cocoa, respectively). 
 The
 
government then earns 
foreign exchange at the expense of the farmer. 
This is no
 
different from a 50% tax on agricultural production. 
It strongly reduces the
 
incentive to maximize agricultural production through the use of modern inputs.
 

Some food-crop prices, such as 
those for maize, are set by market
 
forces. Although this is seen as more 
fair to the farmers, adequate markets do
 
not exist. 
 Prices are significantly higher before harvest, and then prices at
 
harvest are very low. 
 This reflects a lack of storage facilities for the farmer
 
and the fact that because of financial pressures many farmers must sell their
 
crops as soon as 
they are harvested. Prices in different parts of the country
 
are quite different (Table 11-21). 
 This reflects supply and demand conditions,
 
but these are influenced greatly by lack of adequate roads and lack of market
 
information and alternative marketing opportunities for the farmers. 
 If the
 
government expects to increase food-crop production, then it must ensure that 
adequate markets are available to purchase the farmers' production at a price
 
that is profitable to the farmer.
 

Formal Training and Personnel Development 
Reuired toManage a Fertilizer MarketingSystem 

The formal training for fertilizer marketing managers should include a 
program to meet 
the following objectives:
 

1. To understand the nature, functions, and operations of the fertilizer sector 
as an essential part of the Cameroon national food production requirements. 
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Table 11-21. Prices of Food Crops in Various Provinces 1984 (FCFA/kg)
 

Province Maize Sorghum Rice Yams Groundnuts
 

Extreme North 130 126 79 0 189
 
North 107 118 117 0 188
 
Adamaoua 79 80 0 0 175
 
East 119 0 0 0 214
 
Central 118 0 0 108 253
 
South 143 0 0 0 266
 
Littoral 119 0 0 120 180
 
South West 87 0 0 70 138
 
North West 93 34 80 49 139
 
West 62 0 0 69 170
 
Cameroon 89 96 80 86 193
 

Source: 1984 Census of Agriculture.
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2. 
To learn the soil fertility and plant nutrient systems appropriate to the
 

agriculture of Cameroon.
 

3. 	To acquaint the managers with various fertilizer materials.
 
4. 	To familiarize the managers with chemical and physical methods used in the
 

manufacturing of fertilizers.
 
5. 	To understand the importance and methods used in achieving control of
 

fertilizer quality.
 
6. 
To 	develop concepts and skills used in the marketing of fertilizers, including:
 

a. Accounting.
 

b. Finance.
 

c. Economics.
 

d. Personnel Development.
 

e. General Administration.
 

f. Logistics.
 

g. Promotion.
 

h. Market Research.
 
7. 
To develop management skills to include systems for planning, urganizing,
 

implementing, and evaluating a fertilizer marketing system.
 
Those individuals selected to manage the future Cameroon fertilizer
 

sector should receive formal training in the above subject matter. 
Special
 
funding for the students at 
an appropriate instructional institution must be
 

provided.
 

Informal training for marketing startup that is required for personnel
 
development occurs in five steps. 
 Much of this training is a one-on-one type
 
and occurs over an extended time period.
 
1. 	Management at company headquarters is trained by direct association with
 

expei ienced individuals in the respective fields of endeavor.
 
2. 
These trained managers serve as instructors in a 6-week basic training
 

course for new employees as they join the firm.
 
3. 
The field managers trained in the basic marketing course select and establish
 

the retailer organization and provide in-service training over all five
 
phases of the marketing startup. 
 They provide support to the retailer in
 
farmer educational programs.
 

4. 	Retailer development is a key to 
a successful fertilizer marketing
 
organization. The retailer training will include management of retail[
 
operations, soils and crop production, 
 nature and functions of fertilizers, 
financial. management and promotion techniques. The retailer is the key
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connecting link to the farmer. The retailer, supported by the technical
 

component of the fertilizer marketing company, serves as the chief source
 

of fertilizer information to his farmer customers.
 

5. The company's entire promotion program focuses on improving the knowledge
 

of their farmer customers. 

The efficient use of fertilizers is directly dependent upon the knowledge
 
that farmers have concerning their use as well as other crop husbandry practices.
 

Demonstrations of "packages of practices" through farmer meetings, field days,
 

crop production contest, etc., show the difference between existing and improved
 

practices.
 

Advanced Individual Training--The second phase of training occurs when
 
new products and technology are to be introduced, when field staff have sufficient
 

experience to merit additional professional development, and when the managers
 
are preparing their second annual plan for supply and marketing. Some individuals
 

will need additional formal training prior to their promotion, which the company
 

cannot provide.
 

As the company is formed it will be necessary to identify needs and
 

develop training courses to meet specific conditions. IFDC is especially qualified
 

to assist with developing appropriate training courses for fertilizer supply and
 

marketing. Training should include such subjects as the following:
 

1. Compensation and performance appraisal.
 

2. Effective communications.
 

3. Accounting procedures.
 

4. Improved promotion techniques.
 

5. Professional selling.
 

6. Territory management.
 

The company will employ the basic personnel development concept that
 

all employees will be trained to achieve their fullest potential. The company
 

will provide the best of training so that its employees are the best qualified
 

individuals in the marketplace. Incentive programs for performance will be an
 

integral part of the employee relations program. Because of the anticipated 
rapid turnover of qualified personnel, the company will provide training for two 

individuals for each authorized position. 
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Additional Infrastructure and Government Policy and Actions
 
Required to Support an Effective Fertilizer Marketing System
 

Policies with respect to 
ferti].izer research, organization, ownership,
 
distribution, sales, promotion, prices, production, and crop produce markets
 
have been discussed in the preceding section. 
The additional fertilizer-related
 
policy and actions identified by the study team include taxation, credit, quality
 
control, land use development, and education in agricultural technologies.
 

Taxation--Taxation on agricultural products in Cameroon to a large
 
degree is hidden from the farmer. As discussed earlier, farmers receive roughly
 
one-half the world market price for coffee and cotton. 
This is the same as a
 
tax on produce. This results in a disincentive for the farmer to produce.
 

Fertilizer import duties in the form of licenses, tender charges,
 
vehicle licenses, fuel taxes, etc., 
impose higher fertilizer prices at the
 
retail level. 
 Higher prices will thus generate a need for more fertilizer
 
subsidies in order to keep fertilizer prices low. It is in Lhe national interest
 
that the company be given a pioneer industry status and be exempted from profit
 
taxes 
during its first 5 years of operation. The same is true for import duties
 
on 
fertilizer materials and sales tax on fertilizer mate;'ials, soil amendments,
 

and finished fertilizers.
 

Credit--Credit for the purchase of fertilizers and other essential
 
crop production inputs is necessary to achieve the sales of fertilizer forecasted
 
b the new marketing system. In the future as much as 
25% of the fertilizer 
sold for use on food crops may require some form of credit plan. There ' a 
need for a national agricultural production credit bank that can formulate loan
 
policies based on sound lending principles. There are needs for various terms
 
of credit--short, intermediate, and long term. 
 Individuals or organizations
 
offering credit need to recognize the seasonal needs and income characteristics
 
of agriculture and appraise the soundness of oans. Poorly supervised credit is 
harmful in the long run to the farmer and the individual or institution doing 
the lending, and it may be harmful even to the overall growth of agriculture in 
the country. The study team suggests that making sound credit available is
 
really more important than holding interest rates very low or 
induring subsidies
 
through credit. Most credit studies concerning small farmers suggest that the 
important ingredients for success include (1) a fiduciary relationship beLtweel 
farmers and the institution providing the credit; (2) providing instructions on 
how to use credit effectively; (3) eliminating elaborate forms and procedures; 
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(4) making credit available at convenient locations; and (5) providing firm but
 
flexible conditions for repayment. When a new countrywide credit program is
 
established, every effort should be made to 
(1) simplify credit terms; (2) make
 
the credit available; (3) place both the lenders and collection personnel in onie 
organization; (4) issue credit in terms of kind, but give the farmer options of 
purchasing from several holders; and 
(5) maintain market rate of interest on
 
credit. This, hopefully, will help the small farmers who quite often cannot get 
institutional credit and finally must risk paying exorbitant interest to lenders. 
The higher interest would also discourage large farmers from misusing credit 

facilities.
 

A program for intermediate and long-term credit 
should be developed.
 
This would be for capital improvement for the agricultural base, labor-saving
 
equipment, produce storage facilities, transport equipment, land clearing, soil
 
conservation, and irrigation. Business principles for the production credit as 
cited above apply to longer term credit. This program should not be an inex
pen-ive source of capital for large farmers or retailers but should be directed 

to the small farmers. 

Quality. Control--Quality control will be required for a future high
volume fertilizer industry in Cameroon. Some Ministry of Agriculture organization 
that has personnel operating in the field and has comprehension of fertilizer 
technology should be given the responsibility for formulating the policy. After 
the government institutes a quality control law, this organization should imple
ment a field program to ensure that fertilizers meet the conditions. A prototype 
quality control law is given in Appendix L. The quality control legislation 

should cover several important areas: 
1. 	 The analysis of each fertilizer should be stipulated on the bag and invoice. 

Examples of the analysis could be 10-30-10, 20-10-10, 46-0-0, etc.
 
Regulations should the and of the
cover size location analysis labeling on 

the bag. 

2. 	 The analysis of the fertilizer must meet the analysis stipulated on the bag 
and 	invoice within tolerances. If a bag stipulates a 10-30-10 analysis,
 

this should be what the farmer receives. 
3. 	'The nutrient forms and sources should be stipulated on the bag. For example, 

nitrogen sonurces couild include ammoniacal nitrogen from ammonium sulfate or 
ammonium phosphate; nitrate nitrogen could be from ammonium nitrate or 
calcium ammonium nitrate; phosphates could be from water-soluble sources or 
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citrate-soluble sources; potassium could be from potassium chloride or
 
potassium sulfate sources; sulfur could be from elemental 
or sulfate sources.
 
Sources of nutrients 
are important in soil chemical reactions, storage, and
 
spreading qualities and crop yields.
 

4. Physical properties as stipulated to 
the supply sources to meet market
 
conditions must be identified in the quality control. legislature. Inspec
tion should be made in the field 
to ensure that specifications have been
 

met.
 

5. 
Package net weights must be indicated on the bags.
 
6. The manufacturer of the fertilizer should be stipulated on the bag.
 

Land Use Development--Land use development for future agriculture
 
production in Cameroon is needed. 
Because of its geographic location, favorable
 
soils and climatic conditions, and level of agricultural technology, Cameroon
 
can expand its role as 
a source of food crops in central and western Africa by
 
enacting legislation to encourage agricultural development. Such policies would
 
encourage the following:
 
1. Opening of new lands for food-crop production by title grants, road 
con

struction, low-cost loans for private construction, etc.
 
2. 
Development of new agribusiness enterprises in the food-crop sector. 
For
 

example, policy to grant tax holidays to vegetable processiiog firms to
 
establish processing facilities in the appropriate ecological zoncs.
 

3. Establishment of a national soil and water conservation service to 
improve
 
the use of their natural resources by preventing soil erosion and ensuring 
the replenishment of suitable mineral 
reserves.
 

4. 
Development of irrigation facilities in appropriate areas to ensure a supply 
of water for crop production. Project development should include regulations 

on utilization of water resources. 
Education--Education in agricultural sciences to sustain and increase 

agricultural production is an important policy issue that. should be considered. 
There appear to be too few quality facilities for agricultural education in 
Cameroon. Agricultural curricula that will teach the students agricultural 
technologies required to farm, process crop produce, market crop produce, and 
manage an agribusiness are needed. 

More adult training centers should be developed. A key function of 
centers would be to f'imiliarizethe adult farmers with improved practices 
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required to 
increase crop production and decrease cost. 
The centers should
 
include adult farm women since they play an important role in producing and
 
marketing crops. 



259
 

SECTION III
 

TEC1UMICAL AND ECONOMIC EVALUATION
 

OF FERTILIZER SUPPLY SCHEMES
 

Any fertilizer marketing system, including the recommended system
 
described in Section II, must have a reliable source of appropriate fertilizers
 
to enable the system to 
function efficiently. 
The classic approaches used to
 
supply fertilizer to a marketing system are 
(1) importation of finished products,
 
(2) domestic production based on 
imported and/or locally available raw materials,
 
or (3) a combination of imported finished products and domestic production.
 

At present, Cameroon relies exclusively upon importation of finished
 
products to supply its needs. 
 For a brief period (1976-82) the SOCAME plant at
 
Bonaberi produced granular fertilizer based exclusively upon imported raw mate
rials. This operation was 
uneconomic, and production was discontinued.
 

This study evaluates the technical and economic feasibility of all
 
major fertilizer supply alternatives that may be applicable to the Cameroon
 
situation, including the salvage of the SOCAME plant. 
The SOCAME plant site and
 
warehouses (with some modification and repair) are well suited for the proposed
 
fertilizer bagging/blending/storage alternatives listed below. 
However, reha
bilitation of the SOCAME granulation unit is not feasible because the equipment
 
has deteriorated to the point that it is beyond repair. 
The alternatives with
 
the major justifications for study are listed.
 

Fertilizer Supply Alternative 
 Major Justification for Study
 
1. Domestic production of urea 
 Natural gas feedstock (available in
and DAP based on locally 
 Cameroon) usually represents about 70% of
available natural gas feed-
 the variable cost of urea production; need
stock and imported phosphoric for a high-phosphate fertilizer (DAP) as
acid. Plant capacity for identified in the previous sections; small
supplying only domestic demand. 
 plarL would be more compatible with
 

Cameroon's technical resources; small plant

would require less investment than would
 
large world-scale plant.


2. World-scale urea 
and small DAP Exploitation of Cameroon's natural gas
plant based on locally avail-
 reserves by exporting urea 
on the world
able natural gas feedstock and 
 market; supply Cameroon's needs for 
urea
imported phosphoric acid. 
 and a high-phosphate fertilizer (DAP) as
previously identified.
 

(Continued)
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Fertilizer Supply Alternative 
 Major Justification for Study

3. Importation of finished 
 Current practice; low investment; flexproducts (bagged). 
 ible; often most practical alternative
 

if tonnage is less than about
 
100,000 mtpy.


4. Importation of finished 
 Low investment; flexible; usually less
products in bulk with local 
 expensive than shipment in bags; potenbagging. 
 tial for sa'ings in foreign exchange.

5. Bulk blending of compound 
 Process/product flexibility for maximum
fertilizers using imported raw 
 responsiveness to changes in the market;
materials, 
 relatively low investment; savings in
 

foreign exchange due to bulk imports and
 
local mixing and bagging.
 

It should be pointed out at the outset that conclusions and reconmenda
tions concerning the above supply alternatives were incorporated in the proposed

recommended fertilizer marketing system (RFMS). 
 Based on a benefit/cost analysis,

cons'ruction of a fertilizer bagging plant is envisioned during Phases I and II of
 
the implementation of the RFMS. 
 The completed bagging plant will process about
 
25,000 mt of fertilizer (equivalent to about 50% of fertilizer imported and distri
buted through the RFMS) during Phase II of the RFMS. 
The need for a bulk-blending
 
plant will be determine,4 ,11iring Phases III-V of the RFMS concurrent wich the
 
importation and bagging of bulk fertilizers. If bulk-blended fertilizers are
 
successfully introduced, the bulk-blending plant will, by Phase V, process
 
a significant portion of the 110,000 mt of fertilizer imported thrcigh the RFMS.
 

The option to exploit Cameroon's natural gas reserves and produce urea

and DAP locally is treated separately from the RFMS because of the importance of
 
the large investment involved.
 

A discussion and analysis of the 
technical and economic components of
 
these fertilizer supply alternatives follow.
 

Ammonia/Urea/DAP Complex
 

The preliminary feasibility of the small and large ammonia/urea/DAP

production complexes was examined. 
The complexes would consist of three basic
 
process plants--(i) ammonia, 
(2) urea, and (3) DAP. 
 Other auxiliary and support

facilities would also be needed. 
 All ammonia output would be used to produce
 
urea and DAP. The two 
raw materials required for the complexes are 
local natural
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gas and imported phosphoric acid. 
 A discussion of the process technology, raw
 
material supply, plant capacity, plant location, and production economics follows.
 

Ammonia Process Technology
 

The process principles for the production of ammonia 
are the same for
 
the small (200-mtpd) and large (1,000-mtpd) plants although there are some
 
variations in the detailed plant design. 
 The following process description
 
applies to both size plants unless noted otherwise.
 

A typical flow diagram for the production of ammonia from natural gas

by the steam reforming process is shown in Figure III-1. 
 Natural gas, the major
 
raw material, contains mainly methane (CH
4 ) and lesser amounts of impurities
 
such as nitrogen, argon, carbon dioxide, and hydrogen sulfide.
 

Ammonia is prepared (synthesized) from natural gas (methane), water,
 
and air according to 
a series of reactions described later. 
In the overall
 
process, two-thirds of the hydrogen for the synthesis of ammonia is obtained
 
from natural gas and one-third is obtained by decomposing water. Approximately
 
8.6 million kcal (about 35 million Btu or 1,100 m3 ) of natural gas is required
to produce 1 mt of ammonia. A large portion (about 35%) of this amount of 
natural gas is used as fuel to provide heat to promote conversion of the andraw 
intermediate materials into ammonia. 
 Most of this heat (energy) is recovered to
 
produce process steam and/or electricity for operation of the complex. 
 One
 
major difference in the design of small- and large-scale ammonia plants is the
 
efficiency in the recovery of the waste heat. 
 In general, because of improved
 
efficiency in larger plants, the natural gas requirement for the large-scale
 
ammonia plant is 5%-10% less than that 
for a small-scale ammonia plant.
 

The ammonia process consists of eight basic steps:
 
1. Desulfurization of the natural gas feedstock.
 

2. Primary reforming.
 

3. Secondary reforming.
 
4. Conversion of carbon monoxide to carbon dioxide 
(shift conversion).
 

5. Carbon dioxide removal.
 

6. Methanation.
 

7. Compression.
 

8. Ammonia synthesis.
 

A brief description of each process step follows.
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Desulfurization of Natural Gas Feedstock--Since the sulfur compounds
 
present in the natural gas are harmful to the reforming and carbon monoxide (CO)
 
conversion catalysts, it is essential to 
remove these compounds from the natural
 
gas feedstock. To remove these unwanted compounds, the natural gas is preheated
 
to 290 0-400'C and is passed through a bed of zinc or iron oxide. The zinc or
 
iron oxide containing the accumulated (absorbed) sulfur compounds is periodically
 
removed and replaced with fresh (regenerated) material.
 

Primary Reforming--The desulfurized natural gas is mixed with superheated
 
steam and then heated by the flue gas from the primary reformer. The steam-natural 
gas mi-ture is then introduced into the primary reformer where the temperature
 
is sufficiently elevated (800*-900oc) so 
that the natural gas reacts with the
 
steam in the presence of a catalyst to form carbon oxides and hydrogen according
 

to the following reactions.
 

CGi4 + I120 4 CO + 3H 2

CO + H20 - CO2 + H2
 

The heat required for these endothermic reactions is supplied by
 
heating the reformer with natural gas fuel. 
 The process gas leaving the primary
 
reformer usually contains 5%-15% methane (dry basis).
 

Secondary Reforming--The process gas from the primary reformer flows
 
to the secondary reformer. 
 Compressed and heated air is also introduced into
 
the secondary reformer. 
 In the presence of a catalyst, the oxygen contained in
 
the process air reacts exothermicaily with the unreformed process gas 
(mostly
 
CH4 ) to form carbon dioxide and hydrogen according to the following reaction:
 

CH4 + 02 CO2 + 2H2 
The nitrogen contained in the process air provides the nitrogen value nee"ed in 
the synthesis gas. The process air is fed to the secondary reformer at a pre
determined rate to give the pruper hydrogen/nitrogen ratio in the final synthesis
 
gas. As the reacting mixture flows through the bed of catalyst, heat from the
 
oxidation reactions of the hydrocarbons and hydrogen causes further reforming of
 
residual unreformed hydrocarbons.
 

The effluent gas from the secondary reformer is cooled from 950'-1000°C
 
to about 3751C by passing it through a waste heat boiler where it is used to
 
generate steam for driving related equipment (pumps, compressors, and electrical
 

generators).
 



264
 

Conver'sion of Carbon Monoxide to Carbon Dioxide (Shift Conversion)--

The residual CO in the process gas provides an opportunity to increase its
 
hydrogen content according to 
the following reaction (shift conversion):
 

CO + I120 - CO2 + 12The reaction, in the 
)resence of 
a catalyst, is exothermic; therefore, it is
 
usually carried out 
in two steps with heat removal between each step. 
The rate
 
of reaction is more 
rapid at high temperatures, but equilibrium is more favorable
 
at low temperatures. 
 Thus, it is common practice to operate the first step at a
 
higher temperature than the second so 
that most of the CO is converted in the
 
first step. 
 In the second step the CO is decreased to less than 
1% (often as
 
low as 
0.2%) before the process gas is fed to the methanation step (described

later). 
 The heat produced by the shift conversion reaction is used to generate
 
steam and to preheat boiler feedwater.
 

The catalyst used in this reaction also promotes the formation of
 
traces of ammottia. This ammonia is contained in the condensate that is formed
 
following additional heat recovery and 
 cooling of the process gas. 

Carbon Dioxide (CO2 Removal--After the shift conversion reaction, the
 
process gas containing about 18% 
or more CO2 (depending upon the feedstock) is
 
processed to remove most of the CO2.
 The CO2 removal may be accomplished by a
 
variety of processes which differ mainly by the solvent that is used.
 

The process gas containing CO2 flows through a column from bottom to
 
top, countercurrent to 
a scrubbing solution (solvent). The scrubbing solution,
 
enriched with 
C02) leaves the absorber and passes to a separate stripping column
 
where the dissolved CO2 is removed by heating the solution. 
The carbon dioxide
 
recovered from the scrubbing solution is relatively pure and is suitable for the
 
manufacture of urea 
and many other industrial chemicals.
 

Methanation--After CO2 removal, the process gas still contains traces
 
of CO and CO2. These two components would poison (damage) the ammonia synthesis

catalyst, and therefore they must be removed before the gas is routed to the 
ammonia synthesis section of the process. The removal is achieved by the metha
nation reactions. The process gas 
enters the methanator where CO and CO2 are
 
converted, in the presence of 
a catalyst, to methane according to the following
 
exothermic reactions:
 

CO + 3H2 C1I 4 + N20 

CO2 + 4112 CH4 + 2H20 
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Compression--The synthesis gas leaving the methanation step typically
 
contains about 74% hydrogen (H2) , 24% nitrogen (N2 ), 0.8% methane (Cl!4 ), and 
0.3% argon (Ar) (dry basis). The gas must be compressed to the pressure required 
by the synthesis step. Before centrifugal compressors came into general use,
 
reciprocal compressors were used. 
These reciprocal compressors often involved
 
as many as 
five stages of compression with various gas purification steps at
 
intermediate pressures. Synthesis pressures varied widely from 100 to 800 atm
 
(about 1,500-12,000 psi) depending on the process. 
Reciprocal compressors are
 
still used for small plants (capacity of less than about 500 mtpd), but cen
trifugal compressors are now used in the great majority of new plants having
 
capacities of 600-1,500 mtpd. 
 Synthesis pressures in these new plants usually
 
are 
in the range of 150-250 atm (about 2,200-3,700 psi), although some of the
 
larger plants may operate at 300-350 atm (about 4,500-5,000 psi).
 

Aimnonia Synthesis--The function of the final process step (ammonia
 
synthesis) is to catalytically combine N2 ands I in 
a 1-to-3 molecular ratio to
 
produce ammonia (NH3 ) and to separate the amnonia formed from the unreacted gas
 
which is recirculated. The ammonia synthesis reaction (N2 + 3H2 
+ 2NH3 ) is
 
carried out at 400°-450'C and is very exothermic.
 

Makeup synthesis gas is introduced into the synthesis loop at the
 
point where ammonia condensation occurs. 
 Traces of water in the makeup synthesis
 
gas are absorbed in the liquid ammonia and thus removed.
 

The conversion of the synthesis gas into ammonia and recovery of the
 
ammonia occur as 
a result of several passes of this gas through the synthesis
 
loop. A portion of the synthesis gas is converted into ammonia during each pass
 
through the loop, and a portion of the ammonia produced is removed. The unreacted 
synthesis gas is recompressed and returned to the loop for further conversion 
and recovery of ammonia in subsequent passes.
 

The liquid ammonia product, separated from the circulating synthesis
 
gas loops, is cooled to minus 33°C and then transferred to an atmospheric storage 
tank equippec' with a refrigeration systcm. 

Urea Process Technology
-
All commercial urea is produced from carbon dioxide and ammonia feed

stock. 
The carbon dioxide is obtained as a byproduct from the previously
 
described ammonia process. The urea synthesis reaction proceeds in two steps
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according to the following reactions: 
 (1) formation of ammonium carbamate and
 
(2) dehydration of ammonium carbamate to form urea and water.
 

2NH3 + CO2 NH2CO2NH4 
ammonia 
 carbon 
 ammonium 
 (Reaction 11
 

dioxide 
 carbamate
 

NH2 CO2 NH4 CO(NH2)2 + H20 
ammonium urea 
 water [Reaction 21
 

carbamate
 
All urea processes consist of the following major process steps:


(1) urea synthesis as shown in reactions [1l and [2), 
(2) carbamate decomposition,

(3) gas recovery, (4) concentration, and 
(5) finishing. 
The gas recovery step

that is used identifies which of 
the three major types of urea processes is

used. The three processes are referred to as 
the (1) total-recycle process,
 
(2) partial-recycle process, and 
(3) once-through process.
 

In the total-recycle process, the ammonia and carbon dioxide off-gases

from the carbamate decomposition step are recycled back to the urea 
reactor. In

the partial-recycle process, only a part of the off-gas from the decomposition

step is returned to the urea 
reactor, and in the once-through process none of
 
the off-gases are returned to the 
urea reactor. In the partial-recycle and
 
once-through processes, the ammonia in the off-gas must be recovered and utilized
 
in another plant that is located nearby, such as 
an ammonium nitrate, ammonium
 
sulfate, or ammonium phosphate production unit. 
 In the case of urea and DAP
 
production in Cameroon, a total-recycle urea process is recommended to provide

maximum flexibility in urea production even if the DAP plant is shut down due to
 
a shortage of imported phosphoric acid or 
for other reasons.
 

Total-Recycle Urea Process--A typical flow diagram of the total-recycle

process including the production of a concentrated urea solution "melt" is shown
 
in Figure 111-2. 
 In the process compressed ammonia and carbon dioxide are fed
 
to a urea 
reactor which is operated at about 185'C and 200 atm 
(3,000 psi). The

effluent solution from the urea 
reactor contains urea, water, unconverted ammonium
 
carbamate, ;nd ammonia. 
 The two latter ingredients are separated from the urea
 
solution by decomposition to ammonia and carbon dioxide in two 
or three stages

by heating at successively lower pressures. 
 In each stage the evolved gas

mixture is condensed (or absorbed in urea 
solution), and the resulting carbamate
 
solution is recycled to the urea 
reactor. 
The urea solution from the last
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decomposition/separation stage, containing about 75% 
urea 
and 25% water solution,
 
is concentrated to 95%-99% urea 
by evaporation before it is fed 
to the finishing
 
section of the process where a solid product is formed.
 

Urea Finishing Processes-_Th
e most common urea finishing process is
 
prilling. In this process the molten urea 
(melt) is discharged through 
a
 
perforated basket (prilling bucket) located in the top of a tall 
tower. Small
 
droplets of molten urea 
discharged from the perforated basket fall 
through an
 
upward flow of cooling air in the 
tower and solidify into small particles,
 
(prills) usually 1.0-1.5 mm 
in diameter, before reaching the bottom of the tower.
 
The prills are 
removed on a continuous basis from the 
tower, screened (optional),
 
and routed to storage/bagging. 
 In most cases 
the prills are cooled to about
 
40'-45'C to minimize caking 
 (luring storage. In most processes the cooling is 
performed before screening; in others, additional cooling may be performed after 
screening. 

In recent 
years (since about 1970) several granulation processes have
 
emerged and are 
slowly replacing the traditional prilling process. 
The most
 
advanced and widely used urea granulation processes are 
the Spherodizer® and
 
fluidized/spouted bed processes. 
 A process flow diagram of each of 
these
 
processes is shown in Figures 
111-3 and Il-4. The Spherodizero process is well
 
established in the United States and Canada, and variations of the fluidized/
 
spouted bed processes are 
being operated or are under construction in Canada,
 
Central America, Malaysia, New Zealand, and the Netherlands.
 

The major advantages of granular overurea prilled urea are that 
granular urea 
is (i) larger in particle size and therefore better suited for
 
preparing nonsegregating bulk blends with other granular materials such as DAP 
and potash (discussed later), 
(2) stronger and more resistant to breakage, and
 
(3) easier to handle and apply because it is more free flowing than prills. 
 In
 
the proposed Cameroon project a modern urea granulation process -s recommended 
instead of the traditional prilling process. The investment and operating cost
 
is not significantly different for the two processes 
(prilling or granulation).
 

Diammoniut PhosphateProcess Technology 

The production of DAP involves the reaction of ammonia 
(NH3 ) and
 
phosphoric acid (if
3PO4 ) according to the following equation:
 

2NIH3 + I 3 PO4 4 (Nil 4 ) 2 }HPO 4
 

ammonia phosphoric acid diammonium phosphate
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About 0.23 mt of NE3 and about 0.76 mt of phosphoric acid (dry basis)
 
are required to produce 1 mt of DAP.
 

In the DAP granulation process shown in Figure 111-5, which is operated
 
on a continuous basis, ammonia and phosphoric acid (containing about 20% water) are
 
partially reacted in the form of a hot 
(about 115C, 240'F) slurry. The slurry
 
is sprayed onto a moving (rolling) bed of recycled solid DAP in 
a granulator
 
(usually a rotary drum- or pug mill-type unit). Additional ammonia is added to
 
the granulator to adjust the NH3 :H3PO4 mole ratio to near 2.0 which is the
 
theoretical ratio for DAP. 
At this stage in the process the DAP material is
 
still moist (about 3% 120). 
 It is then dried to about 1% H20 , screened to
 
separate the product-sized material from the total in-process material, and
 
finally cooled before it is routed to storage or bagging. The material that is
 
less than product size is returned (recycled) to the granulator.
 

The DAP plant 
can be designed to produce MAP without modification
 
or change in capacity. This flexibility in design is recommended for the Cameroon
 
unit because of the anticipated need for both DAP and MAP in preparing some of the
 
recommended high phosphate-containing bulk-blended products.
 

Raw aterial Su~p_l 

A description of the source and composition of the raw materials
 
required for the production of ammonia, urea, and DAP follows.
 

Natural _Gas--As previously described, in addition to air and water, 
natural gas (methane, C!4 ) is the only major raw material that must be provided 

to produce ammonia.
 

Cameroon has 
large offshore resources of nonassociated and associated
 
natural gas. Nonassociated gas from reserves 
in Cameroon are estimated at about
 

100 billion m3 . Two-thirds of these reserves lie in the northern coastal region

around the Rio del Rey oil fields. The remaining third is located in the southern
 
coastal region 
near the town of Kribi. None of the nonassociated gas reserves
 
have been exploited. 
A project currently under consideration is to build a
 
liquefied natural 
gas (LNG) plant at Kribi with a capacity of 4 billion w3/year.
 
The LNG would be exported. 
The LNG project is managed by Societe d'Etudes du
 
Gaz du Cameroun (SOGAZCAM), a consortium of 
foreign oil companies and the Cameroon
 
Government. The project implementation, however, has been postponed because of
 
the uncertainties surrounding the gas market, especially the expected decline in
 
demand for LNG in Western Europe.
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Associated gas is currently being flared from different points of the
 
Rio del Rey oil fields, about 80 km from Limbe. 
 The flaring rate according to
 
the Societe National des Hydrocarbures (SNH) is estimated at 2.5 million m
3/day.
 

There also have been reports of some natural gas reserves about 10 kn
 
offshore from the port city of Douala. 
 However, the extent of these reserves is
 

not accurately known.
 

According to the Ministry of Commerce and Industry, Norsk Hydro of
 
Norway is performing a feasibility study of a 1,500-mtpd ammonia plant based on
 
natural gas from Kribi. A small portion of ammonia output would be used to
 
produce urea for the local market, and the remaining ammonia would be for export.
 
It is expected that the Norsk Hydro study will be completed in early 1986.
 

For the purpose of the IFDC evaluation, it is assumed that the natural
 
gas would be supplied from the Kribi reserves.
 

Phosphoric Acid--The phosphoric acid required for the DAP plant would
 
be imported. Merchant-grade wet-process phosphoric acid containing about 54%
 
P205 would be delivered in ship tankers to the proposed jetty near Kribi. 
 The
 
acid would be discharged by pipeline into storage tanks located inside the
 
ammonia/urea/DAP complex. The proposed DAP plant would have an annual capacity
 
of 45,000 mt (discussed later) and would require about 38,000 mtpy of acid.
 
This is equivalent to about five 8 ,000-mt tankers per year. 
 The typical
 
specifications for merchant-grade wet-process phosphoric acid suitable for
 

producing DAP are shown in Table III-1.
 

Plant Capacity
 

The overall plant capacity is based on 200 mtpd and 1,000 mtpd of
 
ammonia 
for the small and large complexes, respectively. The total ammonia
 

production is used to produce urea and DAP. 
Since DAP is based on imported
 
phosphoric acid, its production cost is high in comparison with the world market
 
price, and it is not competitive in the export market. Therefore, for this
 
reason, the DAP plant capacity was established on the basis of the projected
 
(1995) domestic need for phosphate (either DAP or MAP). The capacity of the
 
urea plant was established by subtracting the amount of ammortia needed for the
 
production of DAP. 
The balance of ammonia was converted into urea.
 

As indicated later (Table 111-12), 
the 1991 combined demand projection
 
for MAP and DAP for bulk blending is 28,200 mt. The proposed DAP plant 
can
 
produce MAP as 
a replacement for DAP without modification of the plant or loss
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Table III-1. 	 Typical Specification for Merchant-

Grade Wet-Process Phosphoric Acid
 
Suitable for Production of DAP
 

Constituent 	 Typical Analysis,
% by Weight
 

52-54a
 P205 

CaO 
 0.1-1.2
 
Fe203 
 1.7-3.5
 
A1203 1.5-2.7
 
MgO 
 0.60-1.1
 
Na20 
 0.18-0.45
 
K20 
 0.16-0.31
 
Si0 2 0.60-1.2
 
F 
 1.0-3.0
 
Cl 
 0.01-0.05
 
S03 
 2.3-5.2
 
Undissolved -olids 
 0.5-2.0
 
a. Acid diluted with water to as low as 45% P205
 
may be suitable for some DAP production processes.
 
Source: IFDC.
 

http:0.01-0.05
http:0.16-0.31
http:0.18-0.45
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of production. 
Assuming a growth rate of about 7%/year, the combined demand for
 
MAP and DAP in 1995 is expected to be about 45,000 mt which corresponds to a
 
design capacity of 150 mtpd DAP, assuming the plant operates 300 days/year.
 

The ammonia that is not used to produce ammonium phosphate (MAP or
 
DAP) is used to produce urea at a rate of 280 mtpd and 1,650 mtpd in the small
 
and large complexes, respectively. This corresponds to 
an annual urea capacity
 
of 84,000 mt and 495,000 mt for the small and large complexes, respectively.
 
The 84,000 mtpy of urea produced in the small complex corresponds to the
 
approximate domestic demand projection for urea 
in 1995. In the large complex,
 
the excess urea capacity would be available for export. In 1995 the amount of
 
urea available for export is estimated at about 411,000 mt 
or about 83% of the
 
total urea output.
 

The storage capacities for raw materials, intermediates, and finished
 
products were determined on the basis of 5 days' production for ammonia, 60 days'
 
DAP production for imported phosphoric acid (54% P205 ), 45 days' production for
 
bulk products (MAP/DAP and urea), and 15 days' production for bagged products
 

(MAP/DAP and urea).
 

The capacities of the process plants and storage facilities for both
 
complexes are summarized as follows:
 

Small Complex Large Comlex
 
Process plant, mtpd
 

Ammonia 
 200 1,000

Urea 
 280 1,650

MAP/DAP 
 150 150
 

Storage facilities, mt
 
Ammonia 1,000 5,000

Phosphoric acid 
 8,000 8,000

Bulk products 20,000 82,000
 
Bagged products 7,000 
 27,000
 

Plant Location
 

The following criteria should be met when selecting the site 
for the
 
proposed ammonia/urua/DAP factory:
 

1. A reliable long-term (at least 20 years), cost-effective supply of natural
 

gas for fuel and feedstock (about 7 billion m3 for a 1,000-mtpd ammonia
 
plant) must be ensured. 
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2. 
Site must be feasible for development of a deep-water port or jetty for
 
shipment of finished products and for receiving phosphoric acid for DAP
 
production.
 

3. About 20 ha of land for the small 
complex (60,000 mtpy ammonia) and about
 
50 ha 
for the large complex (300,000 mtpy ammonia) are required. Additional
 
land should also be available for expansion or 
for the location of other
 
industries that could share some of the infrastructure and thus decrease
 
the costs 
charged directly to the fertilizer project.
 

4. 
Fresh water must be available at a rate of about 6,000 m3/day for the small

complex and about 30,000 m
3/day for the large complex.
 

Availability of electricity was 
not considered as 
a criterion for the
 
complex because the power-generating facility is assumed to be included as an
 
integral part of the proposed complex. 
 The power-generating facility would use
 
natural gas fuel.
 

Both the Kribi and Limbe sites appear to satisfy the above criteria.
 
Therefore the cost of natural gas 
is the determining factor. 
Unless it can be
 
shown that the recovery of associated gas at Limbe is less costly than the
 
exploitation cost of unassociated natural gas at Kribi, it is assumed for this
 
study that the complex would be located at Kribi. 
 One of the disadvantages of
 
the Kribi site is that it is farther from the local market. However, this
 
disadvantage is minimized if the project is designed primarily for exportation
 

of urea.
 

Production Economics for Ammonia/Urea/DAP Complex
 

Capital investment and production cost estimates were developed for
 
the small and large ammonia/urea/DAP production complexes. 
The production costs
 
were 
compared with the world market prices to determine the project viability.
 
The premises and assumptions used for preparing the 
cost estimates are included
 
in Appendix M.
 

Capital Investment Estimates
 
The capital investment estimates for the small and large ammonia/urea/DAP
 

complexes 
are shown in Table 111-2. 
 The fixed capital estimates (1985 
cost
 
basis) are about US $176 million and $413 million, respectively, for the small
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Table 111-2. Capital Investment Es,.imate for Ammonia/Urea/DAP Complex
 

Premises
 
1. Cost basis: 1985 US$
 
2. 	Plant capacity:
 

Small Complex Large Complex

(mtpd) (mtpy) (mtpd) (mtpy) 

Ammonia 200 60,000 
 1,000 300,000
 
Urea 280 84,000 1,650 495,000
 
DAP 150 45,000 150 45,000
 

Investment Cost 
Item Small Complex Large Comlex 

- - - -(US$ x I million)- - - -

Battery limits process units 
Ammonia 35.0 90.0
 
Urea 
 24.0 	 58.0
 
DAP 
 8.0 	 8.0
 

Subtotal 
 67.0 	 156.0
 

Raw material/product storage and handling 
 10.0 	 20.0
 
facilities
 

Auxiliary and sugport facilitiesa 33.5 78.0
 
Site development 
 6.6 	 15.2
 
Contingenciesc 
 17.6 40.4
 
Total installed cost 
 134.7 	 309.6
 

Preoperational and startup costd 
 10.1 14.0
 
Project management services ef 
 8.1 12.4
 
Interest during construction 22.9 
 77.3
Total fixed capital investment 	 175.8 
 413.3
 

Working capital 
 15.0 	 33.0
 

Total capital investment 	 190.8 446.3
 

a. Based on 50% of battery limits process unit cost.
 
b. Based on 6% of investment cost for battery limits process units, storage

and handling facilities, and auxiliary and support facilities.
 
c. Based on 15% of all above costs.
 
d. Based on 10% and 6% of investment for battery limits process units and
 
auxiliary facilities for small and large complexes, respectively.
 
e. 
Based on 6% and 4% of total installed cost for small and large complexes,
 
respectively.
 
f. Based on 15% and 23% of all above costs for small and large complexes,
 
respectively.
 

Source: IFDC.
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and large complexes. The corresponding working capital estimates for the two
 
complexes are $15 
million and $33 million, bringing the total 
capital investment
 
estimates to $191 
million and $446 million for the small and large complexes,
 
respectively.
 

The allocated capital costs for 
urea and DAP for both complexes are
 
shown in Table 111-3. 
 These allocated costs are used in eslimating the production
 
cost 
for each product (urea and DAP).
 

Production Cost Estimates
 

The production cost estimates, including capital recovery, for 
urea

and DAP produced in the small and large complexes are shown in Tables 1II-4 and
 
111-5, respectively. The annual production rates for the small complex are
 
84,000 mt urea 
and 45,000 mt DAP, 
those for the large complex are 475,00 
mt
 
urea and 45,000 tnt DAP. These production rates correspond to 
300 operating days
 
per year at design capacity or about 90% capacity utilization. Such a capacity

utilization is commonly used in preparing preliminary economic evaluations.
 

Using a base-case delivered price of $].5/million Btu for natural 

and $270/mt ($500/mt P205 ) for 54% P205 

gas
 
phosphoric acid (Appendix M), 
the
 

production costs of bagged urea 
and DAP produced in the two complexes are
 
summarized as 
follows:
 

Small Complex 
 Large Complex
 
-
 ------ (US$/mt) ......
 

Urea 
 466.3 
 236.8
 
DAP 
 424.9 
 388.4
 

The effect (sensitivity) of 
raw material prices (natural gas and
 
phosphoric acid) the production cost estimates is shown in Tables 111-6 and
 

on 


111-7 and on Figures 111-6 and 111-7. 
 In the small complex a change of
 
US $0.5/million Btu in the natural gas price will result in a change of about
 
US $14/mt for urea and about US $5/mt for DAP. 
This represents about a 3.0% and 
a 1.1% change in the production cost of urea and DAP, respectively. In the
 
large complex, a US $0.)/million Btu change in natural gas price results in a

change of about 5.9% (US $14 /mt) and about 1.3% (US $5.0/mt) in the production 
costs of urea and DAP, respectively.
 

Phosphoric: acid accounts 
 for about 55% and 60% of the total production
cost in the small 
and large complex, respectively. 
 A 20% change ($100/mt P2 05) 
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Table II--3. Allocation of (;apital 	Investment Cost for Urea and DAP
 

Small Complex Large Co x
 

Allocated Cost 
 Urea DAP 
 Urea DAP
 
a
Fixed capital
 148.8


Working cepital 	 27.0 392.3 21.0
9.0 6.0 28.0 5.0 
Subtotal (llocation) 157.8 33.0 420.3 26.0 
Total capital investment 190.8 446.3 
a. Allocated installed costs for urea and DAP are $114.0 
and $20.7 million,
respectively, for small complex and $294.1 and $15.5 million for urea and DAP,

respectively, for large complex.
 
Source: 
 IFDC.
 



Table 111-4. 
 Production Cost Estimate 	for Small Ammonia/Urea/DAP Complex
 

Premises: 
 1. Cost basis 1985 US $
 
2. Capital investment (refer to Tables 111-2 and 111-3)
3. 	Annual production: Urea--84,000 mt
 

DAP--45,000 mt
4. Material costs: 
 Natural gas--$].5/million Btu 6
(US $ .0/million kcal)
Phosphoric acid (54% P205)--$270/mt ($500/mt P205 )
50 kg bags--$0.6 each
 

Urea 

Cost Item 
 DAP
Basis 	 Annual Cos-t,
us$/t US $ x 1 Million 
 Basis 	 Annual Cost,
US $/ _tUS $ x 1 MillionVariable Cost 
 Ul
 

Natural gas 	 a
29 million Btu
 43.5 
 10.5 million Btua 
 15.8
P h o s p h o r i c a c i d _ 	 0. 5 m i P 2 0 2 5 . 0
 Catalyst, chemicals, 	 5
and supplies US $4.a 
0.47 at P2 0 235.0
 

Bags 4.0 

20a 	 US $1.5a 
 1.5
12.0 


20a 
 12.0
 
Subtotal 


59.5 

264.3
 

Fixed Cost
 

Operating and
 
maintenance labor
 

Administration and1.0.
 
general overheads 150% labor 
 1.80 150% labor
Maintenance materials 	 0.60
3% of $114.0 million
Insurance 	 3.42 
 3% of $20.7 million
1% of $114.0 million 	 0.62
Fixed capital recovery 	 1.14
17.1% 	 1% of $20.7 million
of $148.8 million
Interest on working capital 25.44 	 0.21
 

13% of $9.0 million 17.1% of $27.0 million 4.62
 
Subtotal 

1.17 !3% of $6.0 million 0.78

406.8 
 34.17


Total production cost 	 160.6 7.23

466.3 


424.9
 
a. Per t of product.
 
Source: IFDC,
 



Table 111-5. Production Cost Estimate for Large Ammonia/Urea/DAP Complex 

Premises: 1. Cost basis 1985 US $ 
2. Capital investment (refer to Tables 111-2 and 111-3)
3. Annual production: Urea--495,000 mt 

DAP--45,000 mt4. Material costs: Natural gas--S1.5/million Btu (US $6 .0/million kcal) 
Phosphoric acid (54% P20s)--$270/mt ($500/mt P205 )50 kg bags--$0.6 each 

Cost Item 

Variable Cost 
Natural gas 
Phosphoric acid 
Catalyst, chemicals,

and supplies 
Bags 

Subtotal 

Basis 

a27 million Btu 
-

US $4.0' 

20a 

Urea 

US S/mt 

40.5 

4.0 
12.0 

56.5 

Annual Cost, 

US $ x I Million Basis 

a10 million Btu 
55.0 

a 

USa1.5 
20a 

DAP 

US $/mt 

15.0 

1.5 
12.0 

263.5 

Annual Cost,
US $ x I Million 

C 

Fixed Cost 

Operating andmaintenance labor 

Administration andgeneral overheads 
Maintenance materials 
Insurance 
Fixed capital recovery 
Interest on working capital 

Subtotal 

Total production cost 

a. Per mt of product. 

150% labor 
3% of $294.1 million 
1% of $294.1 million 
17.1% of $392.3 million 
13% of $28.0 million 

180.3 

236.8 

2.70 

4.05 
8.82 
2.94 

67.08 
3.64 

89.23 

3% of $15.5 million 
1% of $15.5 million 
17.1% of $21.0 million 
13% of $5.0 million 

124.9 

388.4 

0.30 

0.45 
0.47 
0.16 
3.59 
0.65 

5.62 

Source: IFDC. 
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Table 111-6. 
 Effect of Natural Gas Price on Production Cost of Urea and DAP
 

Premises: 1. Cost basis: 1985 US $
 
2. Phosphoric acid price (54% P205): $270/mt ($500/mt P205 )
 

Natural Gas Price, Small Complex Large Comlex(US $/Niillion Btu) Urea DAP Urea 
 DAP 
- - -(US $/mt)- -  - - -(US $/mt)- - 

0.0 
 423 409 
 196 373
0.5 
 437 414 210 
 378
1.0 
 452 
 420 223 383
a
1.5 (base case) 466 
 425 237 
 388

2.0 
 481 430 
 250 393
2.5 
 495 435 
 264 398
3.0 
 510 441 
 277 403
4.0 
 539 451 304 
 413
 

a. US $1.5/million Btu is equivalent 
to US $6.0/million kcal.
 

Table 111-7. 
 Effect of Phosphoric Acid Price on Production Cost of DAP
 

Premises: 1. 
Cost basis: 1985 US $
 
2. 
Natural gas price: US $1.5/million Btu (US $6 .0/million kcal)
 

Phosphoric
 
Acid Price, 
 DAP Production Cost
(US $/t P205 ) Small Complex 
 Large Complex
 

- -------- -- ($/mt)- - - - - --
300 
 331 
 294
400 
 378 

500 (base case) 

341
 
425 
 388


600 
 472 
 435

700 
 519 
 482
 

Source: IFDC.
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Source: IFDC. 

Figure 111-6. 	 Effect of Natural Gas Price on Urea and DAP Production Cost in Small and Large
Urea Complex. 
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Figure 111-7. 	 Effect of Phosphoric Acid Price on DAP Production Cost in Small and Large
Urea Complex. 
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in the price of phosphoric acid results in a $47/mt change in the DAP production
 
cost. This corresponds to a change ofr 
11.0% and 12.1% in the production cost
 
for the small and large complexes, respectively.
 

The sensitivity of the 
urea and DAP produ'ction costs with changes in
 
capacity utilization for the small and large complexes is shown in Table 111-8.
 

Comparison of Cameroon Urea and DAP
 

Production Costs With World Market Prices
 
The prices of fertilizer for comparison with the production costs are
 

different for the local and export market. 
 If a fertilizer product is consumed
 
locally, its production cost should be compared with the delivered price of a
 
comparable imported product. 
 However, if it is to be exported, its production
 
cost should be compared with the world market export (f.o.b.) price.
 

Therefore, on 
the basis of this criterion, the production costs of
 
urea 
in the small complex and DAP in both the small and large complexes should
 
be compared with the delivered prices of imported urea and DAP. 
 In the large
 
complex, however, urea 
is produced mainly for the export market; therefore, its
 
production cost should be compared with the world market export (f.o.b.) price.
 

The base-case estimated cost of producing urea in the small complex is
 
$466/mt (Table 111-4), which is about twice the delivered price of imported urea
 
when using the most cost-effective importation scheme (US $234/mt, Table 111-19).
 
The base-case production costs of DAP in the small and large complexes are
 
US $425/mt (Table 111-4) and US $388/mt (Table 111-5), respectively. These costs
 
are higher by about 1.4 and 1.3 times, respectively, than the estimated delivered
 
price of imported DAP (US $301/mt, Table 111-19). 
 Thus, the small complex is
 

not feasible.
 

The cost of producing granular bagged urea 
in the large complex is
 
estimated at about US $237/mt (Table 111-5) if natural gas 
is priced at
 
US $1.50/million Btu (base case value used for estimate). 
 This cost is about
 
1.7 times 
the current prevailing f.o.b. world price of about US $140/mt (in
 
bags) as 
shown later (Table 111-19). If natural gas is priced at 
zero
 
(Table III-6), then the cost of urea would still be about 1.4 times the current
 
prevailing f.o.b. price.
 

The world market (export) price of bulk urea has fluctuated widely
 
(approximately fivefold) during the past 12 years, ranging (in 1985 constant 

US $) from a high of about US $500/mt to a low of about US $100/mt. The trend 
in the world f.o.b. price (in 1985 constant US $) of bulk urea is shown in 
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Table 111-8. Effect of Capacity Utilization on Production Cost of Urea and DAP
 

Premises: 1. Cost basis: 1985 US $
 
2. Natural gas price: US $1.5/million Btu (US $6 .0/million kcal)

3. Phosphoric acid price (54% P20s): US $270/mt (US $500/mt P205 )
 

Production Rate 
 Production Cost
Capacity Utilization Urea 
 DAP Urea DAP(%) - - - -(mtpy) - - - - - -(US $/mt)- -

Small Complex
 

90 (base case) 84,000 45,000 466 425
 
80 74,700 40,000 517 445
 
70 65,300 35,000 583 
 471

60 56,000 30,000 
 670 505

50 46,700 25,000 
 792 553
 

Large Complex
 

90 (base case) 495,000 45,000 237 388
 
80 
 440,000 40,000 259 404
 
70 385,000 35,000 288 424
 
60 330,000 30,000 
 327 451
 
50 275,000 25,000 
 381 488
 

Source: IFDC.
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Figure 111-8. It is expected from the data shown in Figure 111-8 that the
 
average price of urea 
in the next 15 years will be considerably higher than the
 
current depressed price; however, it is difficult to predict this with certainty.
 
Therefore, it is likely that the proposed large urea complex could be feasible
 
if the world market price of urea 
improves in the future and if the Government
 
of Cameroon fixes the price of natural gas for the complex at an appropriate
 
level to accommodate fluctuations in the world market price of urea.
 

Bulk Blending and Bagging
 

The technical and economic feasibility of using bulk-blending technology
 
to 
supply a portion of Cameroon's fertilizer needs was examined. 
The following
 
discussion describes the technical advantages and limitations of bulk blending
 
and offers recommendations for overcoming the identified obstacles. 
 Likewise,
 
the economics of various production alternatives, including the bagging of bulk
 
fertilizers, is described.
 

Definition of Bulk Blending
 

The term "bulk blending" as 
used in this discussion refers to the
 
physical mixing of a number of dry fertilizer materials to obtain a desired
 
nutrient ratio and concentration. 
In most cases, the fertilizer raw materials
 
used for bulk blending should be in a granular form (usually between about
 
1-3 mm in particle size). However, in some 
locations mixtures of powdered and
 
granular or semigranular materials are often used. 
 For example, in Halaysia
 
abo,!t 
0.5 million mt of powdered or semigranular NPK mixtures is used to 
fer
tilize rubber and oil palm.
 

The particle size required to prepare acceptable bulk blends is largely
 
dependent upon local cropping conditions and farmer preferences. For example,
 
for fertilizing most short-term, heavy-feeding crops, a well-mixed, homogeneous
 
blend is preferred to 
ensure an abundant supply of nutrients in the correct
 
proportion during a relatively short growing season. 
Such blends are usually
 
prepared by using granular raw materials that are closely matched with respect
 
to particle size. 
This close matching minimizes separation (segregation) of the
 
individual materials during handling, transportation, and field application.
 
However, with some 
tree crops 
(rubber and oil palm, for example) and some other
 



500 

288
 

600

550-

Actual 
450 ... - Projected 

400-

E 
Z 	 350

300

250 , . . -

/ 
200 / 

150 . . 
/ 

100- - .-. , .s~.. . , . . . . . . I, *. . . I. . . , , ,I .. , . . . . 

1955 1960 1965 1970 i975 1980 1985 1990 1995 
Year 

Source: World Bank and IFDC. 

Figure 111-8. Trend in F.O.B. World Market Price of Bulk Urea Expressed In 1985 Constant
U.S. Dollars. 
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long-term crops such as 
sugarcane, the uniformity of the mixture is 
not as
 
critical, and the use of less homogeneous mixtures prepared from less expensive,
 
and often less soluble, materials (phosphate rock, for example) may be feasible.
 
However, for the Cameroon conditions (crops and existing farmer preference), the
 
use of high-quality, granular raw materials is 
recommended and such materials
 
will be considered as the only alteraative for the purpose of this study.
 

Description of Process and Equipment
 

A process flow diagram of the bulk-blending plant proposed for this
 
study is shown in Figure 111-9. 
 A diagram of this system integrated with bulk
 

unloading and bagging is 
shown in Figure III-10.
 

In the bulk-blending process, raw materials are reclaimed from bulk
 
storage by use of a motor-driven, front-end loader (payloader). 
The material is
 
dumped into a lump breaker. This unit is 
used to crush lumps that normally form 
during storage. This type of lmnp formation is usually referred to as "pile 
set" (a mechanical bonding of granular materials); however, some ilups may also
 
form from "crusting" of the pile surface or as 
a result of caking cauSed by
 
absorption of atmospheric moisture or because of other characteristics of the
 
material. 
 The lump breaker is designed to 
gently crush lumpy material while
 

inflicting only a minimum amount of damage to 
the granules.
 

The material from the lump breaker is 
elevated into a multicompartment
 
hopper system (cluster hopper) with a bucket elevator. The bucket elevator is
 
fitted with a steel link-type chain and metal buckets. 
 The speed of the chain
 
and the size and configuration of the bucket are designed to minimize degradation
 
of the material. The capacity of the bucket elevator is much greater than the
 
average capacity of the blending unit 
since it is usually fed on an intermittent
 

basis and must therefore be designed to accommodate short-term surges.
 

The raw material proportioning (weighing) and mixing steps 
are performed
 
on a batch basis. Manually operated discharge gates on the cluster hopper are
 
used to sequentially weigh the various 
raw materials (ingredients) into a weigh 
hopper located directly below the cluster hopper unit. After the total batch is 
weighed, the material is discharged into a mixer. The mixer is fitted with 
internal mixing baffles or paddles and a discharge chute assembly. The mixer
 
has a normal working capacity of 2-5 mt 
depending on design capacity. After an 
appropriate period of mixing (usually 2-4 minutes on a batch-wise basis), the 
material (product) is discharged and conveyed to the bagging area. Micronutrients, 
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coloring agents, or conditioners (to minimize caking) can also be added during
 

the mixing step.
 

For this study, either manual or mechanical bagging is 
assumed. The
 
manual bagging system consists of portable bagging hoppers 
that are filled by
 
positioning a swivel spout over the appropriate hopper. The hoppers are equipped 
with internal 
baffle assemblies designed to minimize segregation of the bulk-blend 
components. Portable platform scales are located beneath each hopper and the
 
operator fills plastic-lined, open mouth-type bags (usually 50 kg) by operating
 
a manual discharge gate (filling spout) while observing the platform scale beam
 
balance indicator. The filled bags are 
closed by first tying the plastic liner
 
(usually polyethylene) 
'ith a rubber band or 
loop-type, plastic-coated wire tie.
 
The outer bag (jacket), usually made of woven polypropylene, is stitched closed
 
by using a hand-held electric sewing machine. 
This type of bagging is widely
 
used in many developing countries and is an effective alternative to mechanical
 
bagging, especially if skilled labor for maintenance is relativcy expensive.
 
One manual bagging station, as described above, served by five workers (bag
 
filler, offbearer and plastic liner closer, sewer, and 
two helpers) can routinely
 
bag and palletize at a rate 
of about 5 mtph (100 50-kg bags).
 

An alternative 
to manual bagging is a mechanical bagging operation.
 
The main difference between manual and mechanical bagging is 
that with mechanical
 
bagging the weighing operation is performed with an automatic weighing unit
 
(mechanical or electronic) instead of 
the previously described manually operated
 
filling spout and platform scale units. 
 Although mechanical bagging units 
are
 
reported by the manufacturers 
 of such equipment to operate at rates of about
 
50 mtph (1,000 50-kg bags/h), in practice 
an average rate of about 25 mtph (500
 
50-kg bags/h) is more realistic. When woven
a outer bag and a plastic inner bag
 
are used, proper sealing of the 
 two bags limits the capacity of any type of 
bagging operation. The net result is that either system (manual or mechanical) 
requires about the same labor per metric ton of product. The mechanical system 
may appear to be more cost effective, but in fact, it is usually more costly 
because of the larger investment and extra maintenance. 

The envisioned bulk-blending and bagging facility would be located 
within an enclosed, ventilated structure (process p1dnt building). The structural 
steel required to support the bulk-blending machinery would also serve as the 
major structural supports and framing for the building. Because of the corrosive 
nature of the fertilizer materials, all mild steel components (machinery, 
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structural steel, work platform, and related installations) should be sandblasted
 
and then coated with a corrosion-resistant coating system.
 

Except for the concrete pit (about 3 m deep) required for the raw 
material lump breaker and bucket elevator systems, all equipment would be located
 
at or above ground level. 
 The pit is preferred to facilitate easy charging of
 
material into the lump breaker by use of payloadcrs, dump carts, or wheelbarrows. 
The process plant building should be covered v.ith corrugated mineral composite
 
sheeting. Wood or reinforced plastic sheeting 
would be an acceptable alternative, 
but metal (steel or aluminum) sheeting should not be used because of its poor 
resistance to 
the corrosive fertilizer salts.
 

Plant Capacit
 

Bulk Blending--The proposed bulk blending plant, using 
a 5-mt batch
type mixer, will have a maximum capacity of about 40 mtph (about 600 mtpd
 
assuming 16 h of actual operation/day). This translates to 
an annual maximum 
capacity of about 
180,000 mL assuming 300 16-h workdays. The actual capacity
 
obtained is largely related to 
the number of raw materials in the blend. 
A
 
blend containing only two materials 
can be prepared at a faster rate than a
 
blend containing more materials. 
 The mixing time for each blend is 
about the
 
same regardless of the number of materials. 
 However, the time required to weigh
 
four materials, for example, is obviously more than what is required to weigh
 
only two materials. For the purpose of this study, an 
 annuial capacity of
 
160,000 mt is assumed. 
 This corresponds approximately to the projected fertil
izer demand for 1995 (mid-trm of projected plant life).
 

BagIn--Two 
 bagging lines are proposed. Each bagging line would have 
a capacity of about 25 mtph for a total bagging capacity of 50 mtph (about 
800 mtph assuming 16 h of actuyrl operation/day). As previously mentioned, the 
bagging rate for a single line is usually limited to about 25 mtph (500 50-kg 
bags/h) because of the time required to properly seal the plastic inner liner 
and then stitch (sew) the outer jacket. 

SLo rage--The proposed bulk blending and bagging plant will require 
about 20,000 mt (4,000 m2 ) for bulk storage of raw materials and about 10,000 m 
(5,000 m2) for bugged product storage. A more detail,.d discussion of the storage 
requirements is presented in the section entitled "Cargo Size and Storage for 
Raw Materials." 
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Using Urea for Bulk Blending
 

The following discussion describes the technical and practical items
 
that must be resolved before a fertilizer bulk blending strategy can be 
fully
 
recommended ani implemented.
 

NPK Grades and Formulation Restrictions--It is likely that most of the
 
agronomic requirementq 
can be met with three basic nutrient (N-P205-K 20) ratios-
2:1:1, 1:1:1, and 1:3:1. Examples of typical grades wi~h these nutrient ratios
 
are 20-10-10, 
17-17-17, and 10-30-10, respectively. The 20-10-10 grade is
 
already being used, and the 17-17-17 is a more concentrated version of the 15-15-15
 
fertilizer now being used. The 10-30-10 is proposed as 
a new grade designed to
 
deliver a maximum basal dose of phosphate (refer to Sections 1 and 11). 
 All three
 
grades can be modified, if needed, to supply the optimum 
level of agronomic sulfur
 
and boron. 
Although bulk blending of these reconunended NPK grades is possible, it
 
is t-t preferred under Cameroon conditions because urea is required (about 22% 
in
 
the 20-10-10 formulation and about 15% 
in the 17-17-17 formulation). The 10-30-10
 
can be buik blended without using urea. 
 The use of urea for bulk blending in
 
Cameroon is not reconunended until 
it can be demonstrated that (1) reliable and
 
economic supplies of high-quality granular urea 
can be obtained and (2) the usual
 
adverse effects (increased hygroscopicity and caking) caused by mixing urea 
with
 
DAP, MAP, and KCI will not be a constraint to the use 
of such blends.
 

If urea is used in the NPR blends, it is likely that the quality of the
 
blended product will be su.; t andard for two 
reasons. First, most internationally 
traded urea is in the form of prills (about 1-1.5 mm particle size) that are
 
much smaller 
in size than the other granular ingredients ()AP, MAP, and KCI). 
Also, prills by nature are structurally relatively weak; therefore, the material 
is likely to contain relatively large quantities of minus I-mm material. (fines).
 
The small size of the 
urea leads to 
segregation during handling and distribution.
 
'This, in turn, may lead to lack of uniform application and unrel iable agronomic
 
resporise. Second, the presence of urea in a hilend cause:; the mixture to becomt 
more hygroscopic. This, together with the presence of 
fi ne material, usually 
causer caking. The tendency for caking is expected to be especial ly acute in
 
Cameroon where relative humidity is high and where lonig-term strage of bagged 
prodlct. is r',luired becuse of the nature of the ferti lizer procurement, di stri
bution, and use system:;. These constraints, although minimized with adoption of 
the reconmendel nvw fertilizer sutpply and marketing system, are not expected Wc 

di sappea r. 
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A Practical Bulk-Blending Alternative--An alternative designed to
 
overcome the adverse effects of using 
urea 
in the proposed bulk-blended fertil
izers is to 
prepare a family of bulk-blended base materials containing little 
or
 
no urea. 
 These low-urea or urea-free bases would exhibit good physical and
 
compatibility characteristics and would avoid most of 
the previously mentioned
 
problems of segregation and caking. The bulk-blended base grades (designed
 
primarily for food crops 
 and cotton) would contain the appropriate amount of 

P205 , K20 , S, and B. However, because littl.e or no urea is used in the blends,
the nitrogen level in the base grades may be less than what 
is required for
 
obtaining maximum yields. This would be overcome by adding nitrogen (in the
 
form of urea) to the crop as a topdressing on an as-needed basis depending upon
 
weather conditions, 
 market prices, and other farm-level factors. In all cases
 
the base products would contain sufficient nitrogen for starting the crop. If
 
additional nitrogen or potassium was needed, it would be added 
 to the established 
crop by topdressing with urea and potash. The reconnended bulk-blended bases
 

are shown in Table 111-9.
 

With this system, the bulk-blended 
 base grades would be manufactured,
 
bagged, and dispatched from the proposed Douala factory 
 (factory location discussed 
later). Likewise, urea and potash (for use as a straight material or for top
dressing) and imported 
 NPK compounds (20-10-10 coffee fertilizer, for example)
 
would be received in bulk, bagged, and dispatched through the same factory.
 
From an economic viewpoint (economy 
 of scale), the total tonnage (NPK bast,
 
grades plus straight materials) should 
 pass through one factory, thus decreasing
 
the unit cost through 
 the optimum use of the facilities and personnel. However, 
the practical considerations and implications (competition, reliability, and 
cost) of single or multiple supply sonrces must be more fully vval ated before
 
settling 
on a fixed number of suppliers (factories). In the early years of 
operation a total annual throughput (NPK bulk blends plus urea, potash, imported
 
compounds, and other 
straight materials) of about 80,000 mt is expected. This 
would be equivalent to a capacity utilization of about 50% for the propo sed 
factory. The throughput could increae to about 160,000 mtpy (100% capacity 
utilization) as the market develops. Relatively concentrated (high analysis) 
Iproduct. s are proposed in the new production and marketing system. Therefore, 
the growth in product tons will be less than what is estimateI with the existing 
lower analysis materials. lin 1991 it is expected that about 110,000 mtpy of 
products will be required for use on .offer and food crops. An additional 
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. aTable 111-9. Composition of Recommended Bulk-blended Fertilizers
 

Composition
 

Micronutrient
 
Ammonium Monoammonium Diammonium Potassium (Boron,
Bulk Blend 
 Use Sulfate Urea Phosphate Phosphate Chloride 66% B) Conditioner Total
 

(kg/mt)--------------
10-30-10-5S General purpose 209 587  174 
 30 1,000
 

food crops
 

(with sulfur)
 

12-36-12 
 General purpose - 215 551 204  30 1,000
 
food crops
 
(without sulfur)
 

13-26-13-5S-lB Cotton 209 
 - 138 411 217 16 9 1,000 
(humid region) 

!9-19-I0-5S-B
 Cotton 209 166 - 418 170 16 21 1,0000'
 

(dry region)
 

a. If additional nitrogen is 
required, it would be added by topdressing with urea.
 

Source: IFDC.
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44,000 mt is estimated for use on cotton, for a total of about 154,000 mt. 
Of
 
this amount about 36% 
(about 56,000 mt) would be blended; the remainder would be
 
20-10-10 and straight materials that would be imported in bulk and only bagged.
 

Raw Material Su y
 

A major constraint to producing high-quality, nonsegregating bulk
 
blends is the lac- if readily available granular raw materials that are closely
 

matched with resrect to particle size and particle size distribution. If the
 
individual ingredients differ significantly in particle size distribution, the
 
blended materials will tend to segregate and the product will be quite variable
 

in analysis from bag to bag thus leading to 
erratic agronomic performance.
 

In the proposed bulk-blending scheme, granular AS, DAP, MAP, and KCI
 
will be needed. Since the 
urea will be applied separately as a topdressing
 

(with the exception of 19-19-10-5S-IB for cotton), prilled urea will be adequate
 
although a granular material is preferred because it is likely to cake less and
 
arrive at the farm level in a more 
useful (easy to apply) condition. Of the
 
granular materials required, AS will be the most difficult to obtain because it
 
is 
not widely produced in granular form. The production of granular MAP is
 
increasing, and this product should not be difficult to obtain. 
 Granular DAP
 
and KCI are widely available and are expected to present the 
least difficulty
 

in procurement. Commercial-scale quantities of granular urea are 
currently
 

produced in the Netherlands, New Zealand, Canada, Trinidad, Malaysia, and the
 
United States. However, the large majority of urea 
traded internationally is the
 
prilled variety, not granular. Therefore, in the short-term, a bulk-blending 

operation based on the use of granular urea is not advised until reliable 
supplies of granular urea at an economic price can be ensured. Of course, 
construction of a granular urea production unit in Cameroon (if such production
 

is feasible) would remove this 
constraint. Furthermore, as previously stated,
 
the use of urea (prilled or granular) in bulk blends teiids 
to lower the physical
 
quality of the product because of an 
increased tendency toward hygroscopicity 

and caking. 

In addition to the N, P2 05 , and <20 nutrient sources, a source of 
supply of boron and conditioning dust is also needed. The required particle
 

size specifications for the raw materials normally used for bulk blending,
 

including boron and conditioning dust, are shown in Tables 111-10 and 111-11.
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Table III-10. 
Typical Particle Size Specifications of Commercially Available
 
Granular Materials Used for Bulk Blending
 

Particle Size,

Cumulative Percent Retained, Tyler Mesh
Granular Material 
 +6 +8 
 +10 +14 +20
 

(3.35 mm) (2.36 mm) 
 (1.70 mm) (1.18 mm) 
 (0.85 mm)
Urea, 46% N 
 1 50 96 99
Ammonium sulfate (AS), 21% 99
N 0 
 2 40 91 99
Ammonium nitrate (AN),

33.5% N 
 1 36 90 
 98 99
Monoammonium phosphate (MAP),

11% N, 52% 
P205 2 34 87 
 96 99
Diammonium phosphate (DAP),

18% N, 46% P205 
 2 34 87 96 


Triple superphosphate (TSP), 
99
 

46% P205 
 1 20 81 97

Potassium chloride (KCl), 

99
 
60% K20 
 3 40 87 98


Sulfate of potash (SOP), 
99
 

50% K20 
 2 20 60 90

Sulfate of potash magnesia, 

97
 

22% K20, 18% MgO 
 2 23 57 78 
 85
 

Source: Manufacturers' product data sheets and IFDC. 
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Table IIl-ll. 	 lpical Specifications for Commercially Available Boron Compounds

and Conditioning Dust
 

Boron Compounds
 

Typical
 
Composition


Material 
 B203 B Typical Particle Size
 

-(%)_W -
Fercilizer borate (granular)a 
 46 14 97% between minus 6 plus 14-


Solubor (powder) 	 mesh (1.18-3.35 nn)66 20 92% minus 200-mesh (0.075 mm) 

Conditioning Dust
 

Typical Composition b 

Material A120,	

b
 
3 SiO2 CaCO Impurities Typical Partical Size
 

---------------- (%)--------------

Kaolin clay 40 55 
 5 90% minus 10 pm

Diatomaceous earth
 

(kieselguhr) 
 - 85 - 15 90% minus 20 pmChalk 
 - - 90-100  100% minus 45 pm
 

a. 
Trade names of United States Borax & Chemical Corporation (U.S. Borax).
b. These specifications may vary widely depending upon source of material.
 
Minimum particle size is 
most important criterion.
 

Source: Manufacturers' product data sheets and IFDC.
 

http:1.18-3.35
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Production Guidelines and Precautions for Bulk Blending
 
Bulk-blending technology is relatively simple 
 in principle, but field 

experience clearly indicates that it is subject to several restrictions. Customer
 
dissatisfaction and the general collapse of a bulk-blending marketing strategy
 
may occur if the following production guidelines and precautions are not observed.
 
1. Raw materials should be closely matched in parLicle size. 
 If small amounts
 

of micronutrient compounds are required (such as 
boron), they should be in
 
the form of a fine powder to obtain good distribution and uniform adhesion
 
to the granules.
 

2. 
Raw materials should be chemically compatible and not inclined to react
 
with each other. 
A small amount of clay or other conditioner should be
 
added as insurance against caking during storage.
 

3. 
Careful attention must be paid to weighing and mixing the components of the
 
blend to 
ensure the proper nutrient ratio and uniform distribution of
 
nutrients within the blend.
 

4. Transportation and storage systems for blended products must be designed to
 
minimize post production segregation of the components of the blend.
 

A discussion of each of these factors follows.
 
Close Matching of Particle Sizes--As previously shown (Tdble III-10), most
 

commercially available granular fertilizer materials used today for bulk blending
 
are 
in the size range of minus 6- plus 16-mesh (Tyler), or about 1-3 nm. Raw
 
materials in the size range of minus 6- plus 16-mesh (Tyler) will not automati
cally yield high-quality blends that will not segregate. 
 The uniform distri
bution of the particle size of each ingredient within these limits is also
 
important. 

Powdered micronutrients are preferred. 
However, if the micronutrient
 
compounds account for more than about 5% of the formula weight, granular micro
nutrient compounds should be used because it is difficult in most cases 
to make
 
a large amount of powder adhere to the granules. 
Boron in a powdered form is
 
recommended for the Cameroon 
cotton fertilizer because the equivalent of only

about !'%B is needed. A small amount (about 0.2%) of used motor oil is also
 
useful in helping to uniformly bind the powdered boron to 
the fertilizer granules.
 

The optimum method for applying boron to the crop would be to combine 
it in a liquid along with Lhe ;.pp]lication of insecticides or herbicides, thus 
avoiding the problems of mairniaining a homogeneous mixture of the ooron powder 
with the granular blend ingredients. 
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Chemical Compatibility--Some mixtures of granular materials used for
 
bulk blending react with each other to 
ftrm a wet, sticky, or lumpy mass. The
 
most notable mixtures that ,re usuall: considered noncompatible because of
 
their tendency 
to react are listed below.
 

1. 
Urea Plus Ammonium Nitrate: 
 Urea in contact with ammonium nitrate (or
 
compound fertilizers containing ammonium nitrate such as 
20-10-10) in the
 
presence of atmospheric moisture quickly becomes wet. 
 The critical
 
relative humidity (CRH) of the mixture is only about 18%. 
 The CRH of a
 
fertilizer material or mixture is defined as 
the atmospheric relative
 
humidity level at which the fertilizer will begin to absorb moisture from
 
the atmosphere. 
 This absorption of atmospheric moisture is usually followed
 
by wetting and caking of the fertilizer. In many cases 
the mixture will
 
become wet even without exposure to the atmosphere, because of the small
 
amount of moisture that is normally present in the 
urea and amnonium nitrate.
 
For these reasons, blending of urea with amnonium nitrate should be avoided
 
completely. 
Even storage of the two materials in adjacent areas should be
 
avoided unless precautions are taken 
to prevent cross-contamination.
 

2. Urea Plus Superphosphates: 
 Blending of urea with unammoniated normal 
or
 
triple superphosphate can result in 
a chemical reaction that causes 
wetting.
 
Urea tends to 
react with monocalcium phosphate monohydrate, the main con
stituent of superphosphate. This 
reaction releases water of hydration from
 
the superphosphate. 
 The released water forms 
a saturated solution of
 
soluble reaction products that cause 
stickiness and caking. 
Not all super
phosphates are highly reactive in this respect; 
some products with very
 
low moisture contents react slowly. 
Some blending plants are repcrjed to
 
be operating successfully with urea-superphosphate blends, but blending of
 
these materials should be 
carried out only after test batches have been
 
made. 
 If bagging is planned, the possibility of reaction and caking is
 
greater because of the usually longer storage and contact 
time.
 

3. Urea Plus Ammonium Phosphate: 
 Urea is usually very compatible with DAP.
 
However, there is a possibility for unwanted reactions to 
occur between
 
urea and MAP especially if the bulk blend is 
stored for a long period of
 
time in bags. Under some conditions ammonia 
from the basic urea may react
 
slowly with the more acidic MAP to form ammonium phosphate salt bridges 
between the granules of urea and MAP. 
 Under normal conditions, using good
quality urea 
and MAP, caking is not expected to occur, but it is 
advisable
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to test the compatibility of urea/MAP mixtures under actual field storage
 
conditions 
to identify any major long-term problems with such mixtures.
 

4. Diammonium Phosphate Plus Superphosphate: When diammonium phosphate is
 
mixed with unammoniated superphosphates, a reaction 
can occur in which
 
ammonia is 
released from the diammoniuM phosphate and absorbed by the
 
superphosphate. 
 Results of the reaction are 
(1) water of hydration is
 
released from the superphosphate, (2) ammonium phosphate crystals form
 
intergranule caking bonds, and 
(3) the water solubility of the phosphate is
 
decreased because of conversion of monocalcium phosphate to 
dicalcium
 
phosphate. These reactions 
occur 
rather slowly and usually do not interfere
 
if the blend is 
handled in bulk, but bagging and extended storage of such
 
blends 
are not recommended. 
 Amnnoniation of the superphosphate prior to
 
blending usually makes it 
unreactive with diammonium phosphate and elimi
nates the problem of incompatibility. 
The expected compatibility of several
 
bulk-blended materials is 
shown in Figure II1-1l.
 

Conditioning-.-For extra protection against caking of blended products
 
during storage, a small amount 
(0.5%-2%) of conditioning dust should be added
 
during the blending operation. Conditioning dust is recommended because it
 
coats the granules and protects them to 
some extent and thus tends 
to retard
 
unwanted chemical reactions. 
 The dust also weakens the bonds 
(salt bridges)
 
between granules if there is a tendency for caking caused by slow chemical
 
reaction between the ingredients during storage. 
 The addition of a small amount
 
(less than 0.5%) of waste motor oil 
or heavy fuel oil 
is also an effective
 
method for ensuring that the conditioning dust adheres 
to the fertilizer granules.
 
As previously mentioned, the oil 
coating is also useful for bonding powdered
 
micronutrients 
to 
the bulk blend granules.
 

Weighing and Plixing--In addition to 
requiring ingredients that are
 
closcly matched with respect 
to particle size and chemical compatibility, the
 
production of high-quality blends can 
be obtained only if careful attention is
 
given to weighing and mixing the 
ingredients used in the blend.
 

The most accurate and trouble-free method for obtaining the 
correct
 
weight of each ingredient is to 
use a batch-type weighing system. 
 The batch-type
 
weighing process 
can 
consist of a very simple ground-mounted weigh hopper that
 
is fed with a tractor--type front end loadec, or 
it can consist of overhead storage
 
bins that manually or ,iutomatically feed materials to 
a batch-type weighing
 
unit. 
 Regardless of the degree of automation used, the principle of this method
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is the same (each ingredient of the batch is weighed separately and precisely 
before or as it is charged into the mixer). 

Continuous weigh systems utilizing a weighbelt are sometimes used.
 
Under most circumstances continuous weighing systems require constant checking

and calibration to ensure 
reasonable accuracy. 
For this 
reason such systems are
 
not as reliable 
as the batch method.
 

Some bulk-blending systems do 
not use a scale to weigh the materials.
 
Instead, 
the system relies on the volumetric flow of each material as 
an indirect
 
method for obtaining the desired weight of material. 
Such volumetric propor
tioning systems are not 
recommended 
for bulk blending because there are 
too many

uncontrollable variables that 
cause 
the bulk density and, consequently, the
 
weight of 
a certain volume of material to change. 
These changes in volume and
 
weight cause wide fluctuations in the nutrient ratio and analysis of the product.
 

After the ingredients of a blend have been accurately weighed, they

must he thoroughly mixed 
 to produce a homogeneous blend. The most frequently 
used type of mixer is 
the rotary drum. Excellent mixing can be obtained with
 
this type of unit. 
 Usually a mixing time of about 3-4 minutes is 
sufficient to
 
obtain a homogeneous blend. 
 This type of mixer is also well suited for mixing

and dispersing small amounts of micronutrients, conditioners (clay or oil), 
or
 
other additives into blends.
 

A relatively new variation of the standard rotary-drum mixer is 
the
 
twin-shell or vee-type mixer mounted on a scale. 
This arrangement combines
 
weighing and mixing in one machine, thus simplifying the system and shortening
the cycle time per batch. Approximately 20 of these units are operating in the 
United States and Canada, and about 5 are in service in Central America. This
 
type of mixer design and arrangement appears to have all 
the advantages of the
 
standard rotary-drum. mixer.
 

There are other types 
 of mechanical mixers, such as paddle- or pugmill
type mixers, ribbon blenders, and modified screw 
 conveyor-type mixers. Although 
these types of mixers may be adequate, they usually are inferior to the rotary
drum or rotary twin-shell units because they tend to grind the materials and 
produce fines 
that may cause segregation and caking of the product. Also, they 
are not as well suited for mixing small amounts of micronutrients and other 
additives into the blend. A modified paddle-type mixer was recently developed 
by a United States fertilizer equipment company. This mixer design appears to 
have overcome most of the mechanical design and operating problems normally 
associated with paddle-type mixers. 
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Handling Bulk Blends After Mixing--After bulk-blended products are 
discharged from the mixer, certain precautions must be taken during handling to
 
prevent segregation of the individual conponents of the blend. 
 As mentioned
 
previously, the most important factor in preventing segregation is to 
use closely
 
matched (with respect to particle size) ingredients. Even when this is done, it
 
is wise to minimize the number of times the blended product is handled before it
 
is bagged or 
loaded for bulk transport or broadcasting.
 

If the product is going to be bagged immediately after it is mixed,
 
the bagging hopper should be equipped with an "egg crate" vertical partition 
assembly. 
This device will decrease the possibility of segregation which could
 
cause a large difference in the analysis of the product from bag to bag,
 
especially if poorly matched materials happen to be used.
 

A Need for Judgment
 

The relative importance of adhering to the previously described pro
duction guidelines and precautions (including the use of urea) depends largely
 
upon the requirements of the fertilizer distribution system and the farmer. 
To
 
illustrate, in the United States cornbelt, most of the solid fertilizer used is
 
in the form of bulk blends. In most cases 
the blends are prepared and immediately
 
(within hours) broadcast on the farmer's fields; bags are seldom used. 
 With
 
this type of high-speed bulk-handling operation, chemical compatibility restrictions
 
are not too important and ammonium nitrate, urea, superphosphate, and ammonium
 
phosphate materials are frequently blended together without serious problems.
 
However, good particle size matching of the raw materials is still very important
 
to minimize segregation during bulk handling, drilling, and broadcasting.
 

01 
 the other hand, bulk blends that are bagged and stored for long
 
periods (often more 
than 6 months in many developing countries) must be prepared
 
with careful attention to the chemical compatibility of the ingredients 
to
 
minimize the risk of caking. 
 Likewise, the effect of particle size distribution
 
and especially the influence of fines 
(increased surface area and chemical
 
reactivity) become increasingly important with prolonged storage.
 

Customer needs also have a great influence upon the importance of
 
bulk-blending production requirements. 
 For example, aerial application of
 
fertilizer is often the most efficient and cost effective method for some 
large
 
oil palm, rubber, or sugarcane estates. With aerial application large (3-6 mm),
 
homogeneous granules give best results because wind drift and segregation are
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minimized and good penetration through the 
foliage is achieved. However, the
 
smaller growers, who utilize mostly hand labor, find bulk blends satisfactory
 

even when the blends have relatively poor physical properties. Blends of prilled 
urea, ground phosphate rock, and standard (nongranular) potash are often used. 
Multiple application (by hand) of these blends together with careful management
 
by the farmar results in a very effective fertilizer supply system.
 

Clrlo Size and Storage for Raw Materials
 

A possible constraint to bulk blending in Cameroon is related to 
the
 
raw material logistics. The four major raw materials for bulk blending (AS,
 
DAP, MAP, and KCl) plus imported NPK compounds and straight materials (especially
 
urea) amounting to a total of about 
154,000 mtpy (1991 consumption estimate)
 

must be available in the 
correct proportion for the system to work efficiently.
 
About 38% 
(about 59,000 mtpy) of the total would be imported 20-10-10 for use on 
coffee, about 26% (about 40,000 mtpy) would be urea for topdressing, and the
 
remaining 36% 
(about 55,000 mtpy) would be divided between AS, DAP, MAP, and
 
KCI. About 71% 
 (110,000 mt) of the total estimated 1991 consumption of about
 
154,000 mt would be used on coffee and food crops; 
the remainder (about 44,000 mt)
 
would be used on cotton. A summary of the estimated fertilizer material require

ments for 1991 is 
shown in Table III-12.
 

The existing port facilities are designed 
to handle relatively small
 
ships. 
 For the purpose of this study, 10,000-mt cargos are considered maximum
 
with lots of 5,000 mt preferred. Cargos of about 5,000 mt 
are likely to prevail
 
during the early years of the proposed project. Therefore, in a typical year
 
(1991 for example) the following shipping schedule would have to 
he maintained
 
to achieve an annual throughput (production) of 154,000 mt according to the 

above product/raw material distribution. 

Product or Total Material Number of
Raw Material ReIuired 5000_mtCargos/year 

(mt x 1,000) 

20-10-10 
 59 
 12
 
Urea 40 8 
DAP 
 18 
 4
 
AS 15 3 
KCI 10 2
 
MAP 
 10 2
 
Boron and
 
conditioner 2
 

TOTAL 154 31 



Table 111-12. 
 Estimated Fertilizer Material Requirements (Imports)--5th Year (1991) Projection Using New

Fertilizer Supply and Marketing Plan
 

Amnonium Monoammonium Diammonium Potassium
Crop and 20-10-10 Sulfate 
 Phosphate Phosphate 
 Chloride Boron
Fertilizer (Compound) (AS) 
 Urea (MAP) (DAP) 
 (KCI) Source Conditioner Total
 
e -----------------------

(mt x 1,000)Coffee
 
20-10-10 compound" 59.0 


- - 59.0 

Food Crops
 
10-30-I-5S bulk
blend 
 2.5  7.0 
 2.1  0.4 12.0
 
Urea topdressing 
 - - 36.0 

- 36.0 
Ammonium sulfate
 

topdressing 
 - 3.0  -
 -

Subtotal (coffee 

3.0
 
59.0 5.5 
 36.0 7.0 
 2.1 
 0.4 110.0


and food crops)
 

Cotton
 
13-26-13-5S-JB
 
bulk blend 
 4.6 
 - 3.0 
 9.0 
 4.8 0.4 
 0.2 22.0

(humid region)


19-19-10-5S-gB
 

bulk blend 
 - 4.6 3.7  9.2 
 3.7 0.4 0.4
(dry region) 22.0
 
0.4 22_0
 

Subtotal (cotton) 
 - 9.2 3.7 
 3.0 18.2 8.5 0.8 
 0.6 44.0

TOTAL (all crops) 59.0 
 14.7 39.7 10.0 
 18.2 10.6 
 0.8 1.0 
 154.0
 
a. 
 Initially 20-10-10 will be imported. 
 It may be replaced later with a bulk-blended product.
b. Quantities of raw materials required are listed.
 

Source: IFDC.
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Assuming uniform operation of the bulk-blending and bagging unit
 
throughout the 
year (12 months at about 13,000 mt/month), an average of about 
three ships (assuming 5,000 iit each) would have to discharge each month. 

Because of the importance of :aintaining the 
correct raw material
 
balance, a relatively large buffer 
 stock will be needed. The large buffer stock 
of raw materials will provide insurance against delays caused 
(1) by problems in
 
procurement and shipping and 
(2) by congestion at the port as a result of delays 
in unloading because of rain and other factors s~ach as equipment failures,
 
unavailability of trucks, and 
 labor shortages or work stoppages. In the proposed
 
system, a 15,000-mt capacity bulk storage building is 
used for the four bulk raw
 
materials (DAP, MAP, AS, and KCI) and imported 20-10-10. An additional 5,000 mt 
of bulk storage is proposed for urea and other straight materials such as potash 
and kipserite. Therefore the total bulk storag, will amount to 20,000 mt. If
 
we 
 assume a total annual throughput of 154,000 mt, a turnover factor of about 11 
will be needed, assuming that the average utilization (fill) of the bulk storage 
capacity is about 70%. This relatively rapid turnover 
(about once per month)
 
will be beneficial 
in maintaining fresh, free-flowing materials.
 

The bulk storage bui [ding should be constructed to minimize the adverse 
effects of the high ambient relative humidity (RH). The building should be
 
tightly closed to 
take maximum advantage of solar heating in decreasing the
 
internal 
HiH. For example, if the inside temperature is elevated to about 42 0 C, 
the RIl of the air will decrease to about 55% assuming it was at 90% 
RH at an
 
ambient temperature of 320C. 
 A 55% 
RIH inside the bulk storage building will
 
ensure 
that the materials (including 20-10-10 and urea) will 
not absorb a
 
significant amount of moisture. The relative humidity levels at which 
a number
 
of fertilizer materials and mixtures of materials will begin to absorb moisture
 
from the atmosphere (referred to as 
 the CR1 of the material) are shown in 

Table 111-13.
 

If the inside temperature of the bulk storage building is too 
high for
 
worker comfort, an air-chilling system will be needed. With such a system a 
make-up strean of air is chilled to remove a portion of the humidity (moisture) 
and then is reheated (to decrease the RIH) either by the solar heat load within 
the building or by an auxiliary steam heater if the solar heat load is insuffi
cient. In this particular case, it is likely that an air chiller/reheat system 
may be needIed only for the 20-10-10 and urea portions of the bulk storage 
building. The other materials are less hygroscopic than 20-10-10 and urea and 
are expected to remain in good condition provided the building is kept reasonably 
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T.ible 111-13. 
Approximate Critical Relative Humidity (CHR) of Fertilizers and Fertilizer Mixtures, Percent Relative Humidity at 300
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60 55 70 
<45 55 70 
<45 55 65 
50 5S 70 
75 55 70 

<45 50 5C 
<45 50 55 
55 55 70 
50 <45 SO 
55 <45 50 

<45 55 55 

<45 
50 
70 
-

65 
65 
65 
6S 
70 
55 
55 
70 
50 
50 
50 

60 
55 
70 
65 
-

65 
65 
70 
6S 
55 
55 
65 
50 
50 
55 

<45 
55 
70 
65 
65 
-

70 
65 
75 
60 
55 
70 
45 
45 
55 

<45 
55 
6S 
65 
65 
-;O 
-

70 
75 
55 
55 
60 
50 
55 
60 

50 
55 
70 
65 
70 
65 
70 

-
65 
55 
55 
65 
50 
55 
60 

75 
55 
70 
70 
65 
75 
75 
65 
-

55 
55 
70 
45 

<45 
60 

<45 
50 
55 
55 
55 
60 
55 
55 
55 
-
-
-

<45 
<45 
50 

<45 
50 
55 
55 
55 
55 
55 
55 
55 

-

<45 
<45 
50 

55 50 
55 <45 
70 50 
70 50 
65 50 
70 45 
60 50 
65 50 
70 45 

<45 
-<45 

-
-

55 <45 

55 
<45 
50 
50 
50 
45 
55 
55 

<45 
<45 
<45 

<45 

<45 
55 
55 
50 
55 
55 
60 
60 
60 
so 
50 
55 
<45 
<45 

Source: Tennessee Vailey Authority and I.FC. 
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tight. It is especially important to keep the bulk storage building closed at
 
night to minimize the "chimney effect" caused by warm air rising and escaping
 
from the top of the building and in doing drawing in cool, humid night air
so 


through open doors, vents, and cracks. 
 The building must also be well above the
 
natural grade to 
avoid the entrance of surface (runoff) water.
 

Plant Operation (Continuous Versus Intermittent)
 

Fertilizer is extremely corrosive 
to machinery. Idle machinery quickly
 
deteriorates as 
a result of the combined corrosive effect of fertilizer and the
 
humid ambient conditions (typical of Douala). 
 Therefore it is important to
 
maintain a reasonably steady mode of operation. 
Steady operation, resulting in 
a lower humidity within the plant because of a constant flow of dry and fresh
 
materials, and a slightly elevated internal building temperature, combined with
 
a diligent lubrication and equipment maintenance program, are essential 
to the
 
success of the proposed fertilizer bulk-blending and bagging scheme.
 

Intermittent operation of the proposed plant--for example, a 6-month
 
period only during the "dry" season--is not recommended and would be costly for
 

the following reasons:
 

1. 
The machinery would corrode and deteriorate rapidly during periods of
 

nonoperation.
 

2. 
A skilled workforce would be difficult 
to maintain.
 

3. The raw material storage facilities 'ould have to be excessively large.
 
4. The logistics of moving raw material and products away from the port and
 

into the market area 
during a shorter (6 month) timeframe would be more 

di ffi cult. 

Since bulk blending is a batch-type operation, it is easy to increase
 
capacity merely by operating more hours per day provided sufficient raw materials
 
are available and the offtake (transportatio.) capacity can cope with a cyclic 
offtake pattern. 
 In the proposed system steady operation throughout the year is
 
recommended. 
 In the early years of operation about 240 8-hour workdays will be 
required to process (bulk bI end and/or bag) about 75,000 mtpy of fertilizer. As
 
the market grows, the length of the workday can be increased. A total annual 

production oif about 160,000 Mt (bulk blends, compound 20-10-10, and straight 
materials) can be processed (uring 240 16-hour workdays. If necessary, the 
length of the workday can he further increased to meet peak periods of demand. 
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Plant Location
 

A discussion of the factors important to selecting the site for the
 
proposed bdlk-blending and bagging plant follows. 
A preliminary site recommen

dation is also given.
 

The Douala/Bonaberi port area 
appears to be the most logical choice
 
for this facility for the following reasons:
 

1. Dock facilities are available at the Douala and Bonaberi ports. 
 It is also
 
quite likely that an additional dock or jetty specific for fertilizer could
 
be constructed in the future if congestion at 
the existing dock facilities
 
occurred. The "fertilizer jetty" could be served using offshore unloading
 
into lighters 
or barges that could deliver the bulk or 
bagged fertilizer
 
material to a sh3llow water jetty. 
This method (offshore unloading) would
 
eliminate the need for expanding the deepwater (8 m) portion of the existing
 
port and would add considerable flexibility to the existing Douala/Bonaberi
 

ports.
 

2. The existing road and railroad system is 
well developed for movement of
 

product away from the Douaia/Bonaberi area.
 
3. The site of the former SOCAME plant is 
suitable for the bulk-blending
 

plant. 
 This site, located adjacent to Bonaberi port, is about 3 km from
 
the main Douala port. This site is 
now used by FONADER for storage of its
 
fertilizers. 
 In order to efficiently use 
this site, the old sulfuric acid,
 
superphosphate, and granulation plants should be removed. 
 The bulk-storage
 
building (about 10,000-mt capacity) is basically very well constructed.
 

However, the floor must be elevated (by filling and repaving) to eliminate
 
drainage of water into the building. Also, the sidewalls and doors must be
 
repaired 
to obtain maximum protection for the bulk fertilizer materials. A
 
bulk material unloading and conveyor system must also be installed to
 
efficiently utilize the capacity of the building and the proposed port-to

plant raw material transfer equipment (trucks).
 
4. 
The site owned by Agrichim near Bonaberi may also be acceptable. Some dis

advantages of the Agrichim site are 
that it is too small (about 1.3 ha,
 
13,000 m2 ) for the envisioned facility which requires about 9,000 m2 
for 
storage and it is about 10 km from the Douala port. The railroad is close 
to the Agrichim site; however, a spur would have to be extended to the 
plant site for optimum utilization of the railroad system. 
Existing
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activities at the Agrichim site (production of pesticides) limit the avail
able area for bulk blending to about 7,000 m Since office facilities are 
already available at the site, the 7,000 m2 would be adequate if the plant 
is operated on a relatively continuous basis at a lower annual throughput 
(about 80,000 mtpy) to decreas+;e the required storage to about 5,000 m' 

5. Other siLes may be available in t,, Douala/Bonaberi area. Certain criteria 
are importaut in selecting a site. For example, it is important that a 
usable land area of about 2 ha (20,000 m2 ) be available for storage build
ings, bulk-blending and bagging facilities, office building, maintenance 
shop, and roadways. A railroad spur for dispatch of bagged product is al.so 
desired although trucking of products to a nearby railhead may be a suitable 
alternative. 

It is recommended that no consideration be given to locating the 
proposed bulk-blending plant at a site nearer to the market area and away from 
Douala. This recommendation i.s made for the following reasons: 

1. Efficient transport of bulk raw materials would be limited by the lack of 
sufficient trucks and rail roadt equipment to rapidly move bulk materials 
away from the port at a rate equivalent to required ship discharge ratea 

of 800 mLpd. This rate 
 is needed to obtain reasonable ocean freight/port 

charges. 

2. Management, operation, and maintenance of a bulk-blending facility remote 
from the populated area of lDouala would likely be more difficiIt and less 
efficient. 

In the future it may be feasible to locate a "satellite" bulk-blending 
and bagging plant in one or more key market areas. However, this should be done
 
only afte" it has been clearly demonstrated 
 that the above-mentioned contraints
 
have been overcome.
 

Ppg~iyZPant Outsi de of Port Buna ry 

This study indicates that the construction of a bulk-blending plant
should be delayed until an imtproved marketing pl an is impleni.ted to ensure that 
the market i:s ready t o receive the new (bulk-biern(ied) producs in sufficient. 
qnantity to make the ope ration of the pl.ant ttechnically and economically feas ible. 
if the proposed new marketirg plan develops as inricated, the bin1k-I) Iend irg 
pl1ant would be instaelled rring the second or third year of the project. 
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In anticipation of success of the proposed marketing plan and the need 
for bulk blending, the following stepwise construction project is recommended. 

Step One--During the first 1-2 years of the project an integrated 

fertilizer bagging and bulk-blending factory should be engineered. However., 

only the bagging and associated storage facilities should be constructed. A 
diagram of the proposed complete system including (1) dockside unloading and 

transport equipment, (2) product storage, (3) bulk-blending plant, and (4) the 

bagging plant was previously shown iN Figure 111-10. 

Step Two--When the market is sufficiently developed to justify bulk 
blending, the blending unit along with additional bulk storage capacity would be 

added. The stepwi:se construction of the project over a period of up to about 4 or 

5 years is not expected to be more costly than building the entire unit initially.
 

This is 
hecause improved capacity utilization (cost effectiveness) can be
 

achieved by gradually increasing the capital investment, capacity, and product
 

flexibility as the market demands.
 

It may also be possible to use the bagging plant to perform contract
 

bagging of fertilizer or grain (assuming the unit is properly designed) for
 

Jchers. Such activities will be helpful in decreasing the cost that must be
 

charged directly to the fertilizer bagging operation. 
 It may also be possible
 

to do additional bulk blending on 
a contract basis for specialized accounts such 

as estates or selected wholesalers. 

Dockside Bsji ng 

In the proposed scheme the bagging of bulk blends, compound 20-10-10, 

and straight materials (principally urea and potash) is done within the battery 

limits of the proposed factory. However, the dockside bagging of imported 

compounds and straight materials may also be considered an "emergency-type" 

alternative. 

Although dockside bagging has certain advantages, it also has limita

tions. The most notable disadvantages specific to Cameroon (Douala port) are 

lis ted. 

1. The equipment location and operation muust be carefully coordinated with the 

port authority. This is expected to be difficult because of the small 
space between the water's edge and the transit sheds (about 100 m). This 

dock space is used as a primary roadway and transfer zone for ship dis

charging and loading and does not offer sufficient room for the bagging 

equipment.
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2. Port congestion is unpredictable and may interfere with the dockside bagging

operation which is 
relatively inflexible with respect 
to coordination with
 
other port activities.
 

3. The dockside bagging operation would decrease the throughput of the proposed 
bulk-blending and bagging factory and therefore the cost of operation per
 
metric ton of 
fertilizer would increase.
 

4. The investment in equipment for dockside bagging is 
relatively high (about
 
US $125,000 per 25-mtph bagging line) and this equipment would probably be
 
idle for long periods. At least 
two bagging lines 
(US $250,000) would be
 
required to discharge a 5,000-mt ship in about 5 days.
 

It may be practical for the proposed bulk-blending and bagging plant

to operate one dockside bagging unit 
to handle small shipments or to accomnodate
 
surges during peak periods of demand. 
 Since these units 
are portable, a unit
 
could be utilized more effectively in this manner than if it 
were operated by a
 
separate organization aid used solely for dockside bagging. Also, during periods
of nonoperation at th'_2 dockside, the portable bagging unit could be used to 
bag

materials at 
the factory such as 
urea, kieserite, 
or limestone. 
 It may also be
 
possible to bag nonfertilizer materials (grain, for example) 
on a contract basis
 
to 
further improve the economics of the overall operation.
 

Production Economics 
for Bulk Blending and/or Bagging
 

Bulk Blending and Bag ing 

Fixed capital investment, conversion, and production cost estimates
 
for bulk blending and bagging are 
shown in Tables 
111-14 through 111-18. in
 
addition to 
the technical components described above, other premises and assunip
tions are 
used in estimating the investment and production costs 
(Appendix M).
 
A discussion of the major economic components follows. 

Fixed Capital InvestmienLt--A_ toLal fixed capital investment of aboutUS $4.4 mi lion is estiniated for the proposed facility (Table 111-14). Warehouse 
facilities account for about 45% of this invest-ment (UIS $1.2 million for 4,000 in2 
[20,000 it] bulk and US SO.8 million for 5,000 II t0,000 mt] bagged product
storage). 
 If the plant is built on a stepwi:se basis starting with only bulk 
material unloading nid bagging, the total fixed capital investnment , riot including
bulk blending and the required additional storage, would be about US $1.8 million 
(Table 111-15). 
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Table 111-14. 
Fixed Capital Investment Estimate for Bulk Blending and Bagging
 
Plant
 

Premises
 
1. Cost 	basis: 1985 US$
 
2. Plant location: 
 New site 	near Douala/Bonaberi port

3. 	Plant capacity data:
 

Blending 

40 mtph (maximum)


Bagging 

50 mtph


Bulk raw 	materia. storage 
 20,000 mt

Bagged product storage 
 10,000 mt
 

Item 

Estimated Cost
 

(US$ x 1,000)Bulk-blending and bagging uait 

Bulk warehouse including material 

500
 
unloading and
 

conveyor 	system (4,000 m2 
x US $300/M 2) 
 1,200
Bagged product warehouse including pallets 
 800
2
(5,000 m x US $160/m 2)

Dockside mobile crane and portable discharge hoppers 
 200
 
Truck scale 

Mobile equipment (3 payloaders and 3 forklifts) 70
 

300
Bulk transfer trucks 
(dump body), 4 units 
 320
Utility facilities 

100
Laboratory and maintenance shop 


Administration building and offices 
60
 

Site development 80
 
200
Project management, preoperational, and startup expenses


Contingency (10%) 200
 
400
 

Total fixed investment 

4,430
 

Source: IFDC.
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Table 111-15. 
 Fixed Capital Investment Estimate--Bagging Plant Located Near
 
Douala/Bonaberi Port
 

Premises
 
I. 	Cost basis: 1985 US$
 
2. 	Company owned/operated dockside unloading and transport equipment


(mobile crane 
and 	dump trucks)

3. 	10,000 mt maximum shipments

4. 	800 mtpd discharge rate 
(40 	mtph), ship's gear plus mobile crane
 
5. 	 12 months/year receiving pattern 
6. 	 50 mtph bagging rate 
7. 	3,000 mt (600 in

2 ) bulk product storage 
8. 	2,000 mt (1,000 M 2 ) bagged product storage
 

Item 

Cost
 

(US$ 	 x 1,000)Dockside mobile 
crane and portable discharge hoppers 200
Bulk transfer truck:, (dump body), 
4 units 
 320
Bulk warehouse including material unloading and 
 180
 
conveyor system


Bagged product warehouse including pallets

Bagging plant 160
 

280 
Truck scale 

.aintenance shop arid equipment 70 
Administration building and offices 

50 
80Utility facilities 

100
Site development 

Project management 100 

Contingency (10%) 150 
150

Total 
I,840
 

Source: IFDC.
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Table 111-16. 
 Conversion Cost Estimate--Bulk Blending and Bagging Plant Located
 
Near Douala/Bonaberi Port
 

Premises
 
I. Cost basis: 1985 US$
 
2. Fixed capital: $4.4 million (Table 111-14)

3. Annual production at 100% 
capacity utilization:
 

NPK bulk blended product 
 100,000 mt
Straight products (bagging only) 
 60,000 mt
Total 

160,000 mt
4. Working capital: 
 $3.0 and $5.0 million for
 

production at 50% and 100% 
capacity

utilization, respectively


5. Annual interest on working capital: 
 13%
 

Annual Cost
 
50% 
 100%
 

Capacity Capacity

Basis 
 Utilization 
 Utilization
 

- - - (US$ x 1,000)
Fuel and electricity 

-
US $2.0/mt 
 160 
 320
Bags 
 US $12.0/mt


Miscellaneous supplies 
960 1,920


US $0.2/mt

Operating labor 16 32
 

US $0.5/mt 
 40 
 80
Supervision and maintenance 

40 
 40
 

labor
 
Maintenance materials 
 2% of US $4.4 mm 
 88 
 88
Insurance 
 1% of US $4.4 mm 
 44
Administration and general 

44 

200% of labor and
overhead 
 supervision 
 240
Fixed capital recovery 17.1% 

160 

of US $4.4 mm 752
Interest on working capital 752


13% on 75% of 
 292 
 488
 
working capital


Total annual conversion cost. 
 2,552 3,928
 
Unit conversion cost, US $/mt

Average for bulk blended NPK


and straight products 
 31.9 
 24.5
 
Allocated cost, US $/mt


Bulk blended NPK products 33.0
Straight products 25.5
 
30.0 
 23.0
 

Source: i'DC.
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Table 111-17. 
 Conversion Cost Estimate--Bagging Plant Located Near Douala/
 
Bonaberi Port
 

Premises
 
I. Cost basis: 1985 US$
 
2. Fixed capital investment: US $1.8 million (Table 111-15)
3. Annual production at 
100% capacity utilization: 100,000 mt
4. Working capital: US $1.0 million
 
5. Annual interest on working capital: 13%
 

Item 
 Basis 
 Annual Cost
 

(US$ x 1,000)
Truck drivers/crane operators 

12
Bagging and warehouse labor 
 US $0.4/mtSupervision and maintenance labor 	
40
 
20
Bags 


US $12.0/mt 
 1,200
Maintenance material 
 3% of US $1.8 mm
Miscellaneous supplies 	 54
 
US $0.1/mt

Fuel and electricity 	 10
 
US $1.5/mt 
 150
Insurance 
 1% of US $1.8 mm 


Administration and general 	
18
 

200% of labor and
overhead 
 supervision

Fixed capital recovery 	 144
 

17.1% of US $1.8 mm

Interest on working capital 	

308
 
13% of 75% of
 

working capital 
 97
Total annual conversion cost 

2,053
 

Unit conversion cost, US $/mt 

20.5
 

Source: IFDC.
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Table 111-18. a
Estimated Production Cost for Bulk-Blended Granular Fertilizers
 

General Purpose 
 General Purpose

Food Crop With 
 Food Crop Without
 

Sulfur, 10-30-10-5S 
 Sulfur, 12-36-12
 
b Raw Material
Raw Material Raw Material
Cost Consumption Cost 
 Consumption Cost
 

(US $/mt) (mt/mt (US $/mt (mt/mt 
 (US $/mt

product) product) product) 
 product)
 

Ammonium sulfate
 
(21% N, 24% S) 148 
 0.209 30.9
 

Urea (46% N) 193 - _ _ 
 -

Monoammonium phosphate


(11% N, 52% 
P205 ) 264 
 0.587 155.0 0.215 56.8
 
Diammonium phosphate


(18% N, 46% P205 ) 
 259 -0.551 
 142.7
 
Potassium chloride
 

(60% K20) 
 154 0.174 26.8 
 0.204 31.4
 
Micronutrient (boron)
 

(66% B) 743 - _
Conditioner (clay/oil) 
 150 0.030 
 4.5 0.030 4.5
 
Subtotal (raw materials) 
 1.000 217.2 
 1.000 235.4
Conversion cost 
 25.5 
 25.5

Total production cost
 

(product basis) 
 242.7 
 260.9
 

250.29 
 26 8 .4 g
 

Humid Region Cotton Dry Region Cotton
 
13-26-13-5S-IB 
 19-19-10-5S-IB


b 
 Raw Material 
 Raw Material
Raw Material 
 Cost Consumption Cost 
 Consumption Cost

(US $/mt) (mt/mt (US $/mt (mt/mt 
 (US $/-int


product) product) product) 
 product)
 
Ammonium sulfate
 

(21% N, 24% S) 
 148 0.209 
 30.9 0.209 30.9
Urea (46% N) 
 193  0.166 
 32.0
 
Monoammonium phosphate


(11% N, 52% P2O5 ) 
 264 0.138 36.4 -

Diammonium phosphate

(18% N, 46% P205) 
 259 0.411 106.4 
 0.418 108.3

Potassium chloridc
 

(60% K20) 
 154 0.217 
 33.4 0.170 26.2

Micronutrient (boron)


(66% B) 
 743 0.016 
 11.9 0.016
Conditioner (clay/oil) 11.9
150 0.009 
 1.4 0.021 3.2
 
Subtotal (raw materials) 
 1.000 220.4 
 1.000 212.5
Conversion cost 
 25.5 
 25.5

Total production cost
 

(product basis) 
 245.9 f 
 238.0
 

253.4 g 
245 .5g
 

(Continued)
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Table 111-18. 
Estimated Production Cost for Bulk-Blended Granular Fertilizersa
 
(Continued)
 

Cotton 
 Cotton
 
15-15-15-6S-lB 
 22-10-15-5S-IB
 

b 
 Raw Material 
 Raw Material
Raw Material 
 Cost Consumption 
 Cost Consumption Cost
 
(US $/mt) (mt/mt 
 (US $/mt (mt/mt (US $/mt


product) product) product) 
 product)
 
Ammonium sulfate 

(21% N, 24% S) 
 148 0.250 37.0 
 0.209 30.9
Urea (46% N) 
 193 0.090 
 17.4 0.303 58.5

Monoarnnonium phosphate 

(11% N, 52% P 205 ) 264 - _ 
 _
 
Diammonium phosphate


(18% N, 46% P205 ) 
 259 0.331 
 85.7 0.218 56.5
 
Potassium chloride
 

(60% K20) 
 154 0.254 39.1 
 0.250 38.5

Micronutrient (boron)

(66% B) 
 743 0.016 11.9 0.016 11.9Conditioner (clay/oil) 
 150 0.059 
 8.9 0.004 0.6
 
Subtotal (raw materials) 
 1.000 200.0 
 1.000 196.9
Conversion cost 
 25.5 
 25.5
Total production cost 


f
 
(product basis) 
 f
225.5
 g 222.4 g2330 229.9
 

Coffee 
20-10-]0-9S. 26-13-13 d
 

b Raw Material Raw MaterialRaw Material Cost Consumption Cost 
 Consumption Cost 
(US $/mt) (mt/mt (US $/mt (mt/mt (US $/mt

product) product) product) product)
 
Ammoniunt sulfate 

(21% N , 24 /S ) 148 0.407 60 .2  -
Urea (46% N) 
 193 0.172 
 33.2 0.460 88.8
 
Monoammonium phosphate 

(11% N, 52% P2 0 5 ) 264 -

Uiammonium phosphate

(18% N, 46% P2 O) 259 0.227 58.8 0.292 75.6
Potassium chloride 

(60% K,O) 
 154 0.174 
 26.8 0.224 34.5
 
Micronutriermt (boron) 

(66% B) 743 - _
Conditioner (Lay/oil) 1.50 0.020 3.0 0.024 3.6 
Subtotal (raw materials) 1.000 182.0 1.000 202.5Conversion cost 25.5 25.5 
Total production cost 

(product basis) 207.5 228.0 

215.0g 235.59
 
(Continued) 
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Table 111-18. 
 Estimated Production Cost for Bulk-Blended Granular Fertilizersa
 
(Continued)
 

Coffee
 
1 0- 2 5 - 2 5 e 

b Raw MaterialRaw Material 
 Cost Consumption 
 Cost
 
(US $/mt) (mt/mt product) (US $/mt product)
 

Ammonium sulfate
 
(21% N, 24% S) 
 148
 

Urea (46% N) 
 193
 
Monoammonium phosphate
 

(11% N, 52% P205 ) 
 264
 
Diammonium phosphate


(18% N, 46% P205 ) 
 259 
 0.556 
 144.0
 
Potassium chloride
 

(60% K20) 
 154 
 0.425 
 65.5
 
Micronutrient (boron)
 

(66% B) 743 -

Conditioner (clay/oil) 
 150 
 0.019 
 2.9
 
Subtotal (raw materials) 
 1.000 
 212.4
Conversion cost 


25.5
 
Total production cost
 

(product basis) 237.9 f
 
g
245.4
 

a. 1985 
cost basis assuming recommended new production and marketing scheme.

b. N, P20 5 , and 1<20 materials are granular. 
Boron added as a powder in

combination with conditioning-type oil.
 
c. Not recommended for acid soils because of acidifying effect of ammonium
 
sulfate.
 
d. Not recommended because of potential caking tendency caused by large amount
 
of urea in formulation. 
e. 
Basal fertilizer to be supplemented with nitrogen (urea) topdressing.

f. At 100% capacity utilization, including bagging.
 
g. At 50% capacity utilization, including bagging.
 

Source: IFDC.
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Wo.rki c a__--Working capital is estimated at US $3.0 million and
 
US $5.0 million for 50% and 
100% capacity utilization, respectively, for the
 
complete bulk-blending and bagging facility. 
This translates into 
an average
 
inventory of approximately 12,000 mt 
of material at 50% capacity utilization and
 
20,000 mt of material at 100% capacity utilization. A working capital of
 
US $1.0 million is estimated for the bagging plant alone.
 

Conversion Cost--The conversion costs while operating at 50% 
capacity
 
utilization and 100% 
capacity utilization are shown in Table 111-16. 
 The average
 
conversion cost (including bulk blending and bagging) is 
estimated at US $31.9/mt
 
at 50% 
capacity utilization (80,000 mtpy throughput) and US $24 .5/mt at 
100%
 
capacity utilization (160,000 mtpy). 
 If these costs 
are allocated separately to
 
the bulk-blending and bagging operations, then the cost of bulk blending NPK
 
products (including bagging) is estimated at US $33.0/mt and $25.5/mt for 50%
 
and 100% 
capacity utilization, respectively. Likewise, the 
cost of bagging
 
compound 20-10-10 or 
other straight materials 
(without bulk blending) is estimated
 
at US $30 .0/mt and $23.0/mt for 50% and 100% 
capacity utilization, respectively.
 

The 
cost of bagging in the recommended step one facility (bulk material
 
unloading and bagging without 
bulk blending) is estimated at US $20.5/mt
 

(Table 111-17).
 

Production Cost--The estimated production cost (factory-gate price
 
assuming production in Cameroon) for a number of bulk blends for 
use on food 
cr ps, cotton, and coffee is shown in Table 111-18. The estimated costs (1985 
basis) of raw materials used 
to prepare these bulk blends are 
shown in
 

Table 111-19.
 

Comparison of the Cost of Bulk Blends With 
 Imported Granular Compounds--
Of the bulk-blended grades shown in Table 111-18, only three are directly comparable 
with currently imported granular compounds. They are 20-10-10 (coffee/food 
crops), 15-15-15-6S-B 203 (cotton), and 22-10-15-5S-1B 2 03 (cotton). A summary 
of the estimated production costs of these grades compared with the "current" 
and "optimum cost" of imported compounds in shown in Table 111-20. The "current 
cost" described in Table 111-20 reflects the relatively high cost of freight 
that is currently paid because of the shipment of relatively small quantities 
of bagged material and other inefficiencies of the existing system. The lower 
estimated "opt i mum cost" of imported compounds (when compared with the current 
system) reflects savings in freight due to larger shipments of finished products 
and other improvements in the efficiency of the overall operation, The lower 
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Table 111-19. 
Estimated Prices for Imported Fertilizer Riw Materials and

Products Using Recommended New Fertilizer Supply and Marketing
 
Systema
 

f.o.b. 
 Ocean Subtotal Other
Fertilizer Material 
 Price Freight 
 c. & f. Cost Total
 

(US $/mt)
Ammonium sulfatec --

Bulk 
 80 50 
 130 18 
 148
Bagged 
 62 162
100 28 190 (226)d
 

Urea c 
(206)e
 

c
Urea 

Bulk 
 120 50 
 170 
 23 193
Bagged 
 62 202
140 32 234 (283)e
 

c

Diammonium phosphate


Bulk 
 180 
 50 230 29 
 259
Bagged 
 200 62 
 262 39 
 301 (335) 
Monoammonium phosphate c 

Bulk 185 
 50 235 29 
 264
Bagged 
 205 
 62 267 
 39 306
 

Potassium chloridec
 
Bulk 
 85 
 50 135 
 19 154
Bagged 
 62 167
105 28 194 (230)
 

20-10-10 c
 
Bulk 
 130 
 50 180 
 24 204
Bagged 
 150 62 
 212 33 245 (281)
 

15-15-15-6S-1B
c
 

Bulk 
 140 50 
 190 
 25 215
Bagged 
 160 62 
 222 34 256 (293)
 
22-10-15-5S-lBc
 
Bulk 
 160 50 
 210 
 27 237
Bagged 
 180 62 
 242 37 279 (313)
 

Boron
 
(66% B Solubor®)

Bagged 
 560 100 
 660 
 83 743
 

Conditioning dust
 
Bagged 
 65 62 
 127 23 
 150
 

a. Estimates based 
on average 1985 international fertilizer prices and ocean

freight rates using Western Europe sources of supply.
b. Includes insurance, import taxes 
and custom charges, port handling, and
material losses. 
These costs are estimated at 11% of 
c. & f. cost plus $4/mt
for bulk materials and $10/mt 
for bagged materials.
 
c. Granular material. 
d. Values in parentheses indicate reported costs 
for 1984/85.
 
e. Crystalline ammonium sulfate and prilled urea.
 
Source: Manufacturers' price data and IFDC.
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Table 111-20. 	Summary of Estimated Costs for Locally Produced Bulk Blends
 
Compared With Imported Granular Compoundsa
 

Estimated Cost
 
Smporyed Compound 
 Locally Produced Bulk Blend
Grade 	 Current Op-- imi Bulk Blend Saving
 
- - - - - - - - - -(US $/m t) . . . . . . . . . . .
 

20-10-10
 
(coffee/food crops) 
 281 245 
 208 
 37
15-15-15-6S- IB 
(cotton) 
 293 256 
 226 
 30
22-10- 15-5S-IB
 
(cotton) 
 313 279 
 222 
 57
 

a. 
Cost of bagged product includes delivery to warehouse near Douala port

(c.i.f. price plus all handling and related charges).
 
b. Reported costs for 1984/85.
 
c. Estimated (1985 
cost basis) using improved fertilizer supply system

(Tables 111-18 and 111-19).
 
d. Imported in 50-kg bags.
 
e. Compared with 
imported bagged compounds using optimum system.
 

Source: IFDC.
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cost 
(US $30-$57/mt) for the bulk-blended equivalents of the three compounds
 
using the improved supply system is due primarily to bulk blending being a less
 
costly manufacturing process. 
Although the bulk-blended products described in
 
this example (Table 111-20) would be less costly to produce, the net savings may
 
be less than indicated because it is unlikely that the quality (and therefore
 
the agronomic response) of the bulk blends 
(containing 9%-30% urea) would be
 
equivalent to that of the more homogeneous granular compound products. 
As
 
previously mentioned, the quality of the bulk blends containing little or no
 
urea is expected to 
be good and therefore the bulk-blending option should be
 
restricted to grades such as 
10-30-10-5S, 12-36-12, and 13-26-13-5S-lB. The
 
production costs for these grades, while not directly compacable with those for
 
imported compounds, were previously shown in Table 111-18.
 

Comparison of Current System Costs With Proposed Bagging System Costs--

Bulk blending is expected to supply only a portion of the total fertilizer
 
needs. The importation of compounds (20-10-10, for example) and straight materials
 
such as urea and potash is expected to continue. The cost of these imports can
 
be significantly decreased by using the proposed fertilizer supply scheme. 
 A
 
summary of the estimated cost savings attained by using the proposed system com
pared with the current practice is 
shown in Table 111-21. These data indicate
 
a total savings of about US $55/mt (compared with the current system) if fertil
izers are simply imported 
in bulk and bagged locally without bulk blending.
 
About US $19/mt of the savings is attributed to local bagging; the remainder o;
the savings is due to lower freight rates 
for larger shipments of bulk material
 
and other improvements in the overall efficiency of the proposed system.
 

Dockside Bagg._
 

The cost 
for dockside bagging independent of the bulk-blending and
 
bagging factory is estimated at US $16 .8/mt assuming 60,000 mtpy (Table 111-22).
 
This is about US $6 .2/mt less 
than the cost of bagging within the proposed
 
bulk-blending facility (Table 111-16, assuming 100% capacity utilization). 
 This
 
cost saving is attributed primarily to 
the lower capital investment required for
 
dockside bagging if 
no storage is required. 
 However, in practice it is unlikely
 
that this degree of cost difference would actually exist since 
the dockside
 
bagging operation would likely require additional support facilities such as
 
trucks, short-term storage, and other related charges that are not 
included in
 

the estimate.
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Table 111-21. 
 Estimated Cost of Granular Fertilizers Using Current System and
a 
Proposed Baging System

Savings c 
Currenb Proposed Due to
 

Fertilizer System Systemc Total 
 Local Bagging
 
.---------- (US $/mt) . .-- - - - - - - - --

Ammonium sulfate, 21% N 226 171 d 55 d 19 
(190) (36) 

Urea, 46% N 283 216 67 18 
(234) (49) 

Diammonium phosphate 
(DAP), 18% N, 46% P205 

335 282 
(301) 

53 
(34) 

19 

Monoammonium phosphate 287 -
(MAP), 11% N, 52% P205 (306) (-) 

Potassium chloride, 230 177 53 17 
60% K2 0 (194) (36) 

20-10-10 compound 281 227 54 18 
(245) (36) 

]5-15-15-6S-IB compound 293 238 55 18 
(256) (37) 

22-10-15-55-IB compound 313 260 53 19 
(279) (34)
 

a. 
Cost of bagged product (in granular form) includes delivery to warehouse
 
near Douala port (c.i.f. price plus all handling and related charges).

b. 
Reported costs for 1984/85 including ocean freight and all port handling

charges (Table 111-19).
 
c. 
Estimated cost and savings (1985 basis) using improved fertilizer supply
system. Bulk fertilizer imports (Table 111-19) with local bagging (at US $23/mt)
 
is assumed.
 
d. Values 
in parentheses indicate estimated cost and savings if fertilizers are
 
imported in bags and local bagging is 
not used.
 

Source: IFDC.
 



327
 

Table 111-22. 
Estimated Cost for Dockside Bagging 2f Fertilizer
 

Premises: 1. 
Fixed capital investment US $250,000 (1985 basis)
 
2. Annual capacity 60,000 mt
 
3. 5-year equipment life
 
4. 15% annual interest on investment
 

Item 
 Basis 
 Annual Cost
 

(US $ x 1,000)

Operating labor and supervision US $1.0/mt 
 60
 
Electricity 
 US $0.1/mt 
 6
 
Maintenance labor and materials 
 10% of fixed 
 25
 

investment
 
Administration and general overhead 
 200% of operating 120
 

labor and supervision
 
Bags 
 US $12.0/mt 
 720
 
Fixed capital recovery 
 29.8% of US $250,000 75
 
Total 


1,006
 
Unit cost, US $/mt 


16.8
 

Source: IFDC.
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Summary of Conclusions and Recommendations 

The following conclusions and recommendations are indicated from the
technical/economic assessment of the proposed ammonia/urea/DAP and fertilizer 
bulk-blending and bagging production schemes. 
1. The construction of a small 
ammonia/urea and DAP complex based 
on 200 mtpd


ammonia (84,000 mtpy urea) 
for the domestic market, and costing about
 
US $191 million, is not 
recommended because of its high production cost in 
comparison with the cost of importing finished products about 2 times 
higher for urea and 1.4about times higher for DAP).

2. The construction of a large ammonia/urea and DAP complex based on 1,000 mtpd
of ammonia (495,000 mtpy andurea 45,000 mtpy andDAP), costing about
US $446 million, may be justified under the following conditions: (1) the 
export market is available to 
absorb the output of urea, 
(2) the average
bulk urea f.o.b. price at the mid-point of the plant life 
(1995) increases
 
to at 
least $2 60/mt in constant 
1985 U.S. dollars, and 
(3) natural gas is
 
priced at 
less than $3/million Btu. 
 A more detailed feasibility study,

including an analysis of the world 
urea and natural gas market, which is

beyond the scope of 
the IFDC study, would be needed to confirm the project

viability. 
 The export market 
for ammonia should also be investigated.
 

3. Since DAP production is based on 
imported phosphoric acid. the DAP plant

should be designed for the domestic market only. 
 The economics of the DAP
 
plant depends largely 
on the price of 
imported phosphoric acid and the cost

of producing ammonia. 
 In the large ammonia/urea/DAP complex, the DAP
 
production accounts 
for less than 10% 
of the total complex output. There
fore the economics of the DAP plant has only a minor impact 
on the economics
 
of the entire complex. Although the 
cost of producing DAP (in the large

complex) is estimated at about 29% 
more (US 
$388/mt) than the estimated
 
price of imported DAP (US $301/mt, Table 111-19), 
its production can 
be
 
justified if all or part of the fixed costs 
are charged to the 
urea plant.

For example, if all of the DAP fixed costs are charged to the urea plant in
the large complex, DAPthe production cost would be decreased to $2 6 3 .5/mt
(a decrease of US $1 2 4 .9/mt) and the urea production cost would be increased 

4. 

only slightly to US 

Installation of the 

$248.1/mt (-ar 

bulk-blending 

increase of US $1.3/mt). 

plant is not recommended until it is 
demonstrated that the importation of fertilizers in bulk with local bagging 
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(Item 5) is technically and economically viable under the Cameroon condi
tions 
(technical and managerial expertise, availability of labor, func
tional port facilities, and overall mechanical performance of the equipment

and facilities). Furthermore, bulk blending should be done only if a clear
 
need for a bulk-blended line of products is established.
 

In the interim period (before installation of a bulk-blending plant),

the 
fertilizer marketing system would obtain fertilizer materials from
 
traditional European sources. 
 However, the materials should be acquired in
 
bulk and in lots of at least 5,000 mt. 
Bulk shipment of 5,000-mt lots,
 
together with local bagging, is expected to decrease the cost of fertilizer
 
(f.o.b. proposed Douala bagging plant) by about US $55/mt, a savings of
 
about 20% when compared with the current practice of importing small lots
 
of bagged products.
 

5. A fertilizer bagging plant having 
a capacity of at least 100,000 mtpy
 
should be installed in the Douala area 
(outside the port authority's
 
jurisdiction) as soon as possible. The proposed bagging plant complete
 
with bulk unloading and storage facilities is expected to cost about
 
US 1.84 million. 
The bagging plant should be designed to accommodate the
 
easy add-on of bulk-blending capability if needed as 
described in Item 4.
 
The bulk-blending facilities, including additional bulk raw material
 
storage capability, would cost an additional US $2.59 million bringing
 
the total investment to about US $4.43 million. 
The bulk-blended products
 
are expected to save an additional US $30/mt-US $50/mt when compared with
 
imported compound fertilizers that 
are bagged locally.
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APPENDIX A
 

Cameroon Fertilizer Use Projection
 

Scenario I
 



---------------- 

Table A-1. Scenario 1--Cameroon Project.ed Total Fertilizer Consumption With
 
Present Marketing System and Current Fertilizer/Crop Price Ratios
 

Products 
Yar AS 20-10-10 12-6-20 Urea Rock DAP TSP KC1 

-- (mt)-.-.- ------- - -------

1986 16,126 40,381 8,000 18,555 3,458 1,470 389 
 9,304
 
1987 11,181 46,085 3,000 22,277 3,626 1,486 416 
 9,655
 
1988 10,238 50,749 0 24,261 3,801 1,503 445 
 10,022
 
1989 9,300 53,795 0 26,335 3,986 1,521 476 
 10,408
 
1990 8,364 57,012 0 28,515 4,180 1,539 509 
 10,813
 
1991 7,431 60,421 0 30,800 4,383 1,558 544 
 11,238
 
1992 7,499 64,045 0 32,738 4,596 1,578 581 11,685
 
1993 7,575 67,880 0 34,794 4,819 1,599 621 
 12,152
 
1994 7,651 71,946 0 36,974 5,053 1,621 663 
 12,642
 
1995 7,732 76,244 0 39,298 5,299 1,644 708 
 13,157
 

Products
 
Year 10-10-20 15-1.5-15 SSP K2SO4 15-20-15 22-10-15 Total 

. . . . . . . . . . . (nit) . . . .------- - - -- - -- - (mt) 
1986 
1987 

987 
1,036 

4,789 
5,280 

11 
12 

11 
12 

6,799 
7,275 

8,178 
8,750 

118,458 
120,090 

1988 1,088 5,837 13 13 7,784 9,363 125,117 
1989 1,142 6,471 14 14 8,329 10,018 131,809 
1990 
1991 

1,199 
1,259 

7,194 
8,021 

15 
16 

15 
16 

8,912 
9,536 

10,719 
11,469 

138,986 
146,692 

1992 1,322 8,970 17 17 10,204 12,272 155,524 
1993 1,388 10,064 18 18 10,918 13,131 164,977 
1994 
1995 

1,457 
1,530 

11,327 
12,791 

19 
20 

19 
20 

11,682 
12,500 

14,050 
15,034 

175,104 
185,977 

NutrienLs 

Year N P2O_ K20 Total
 

..... () ).------ - ------ - (rot) 
1986 24,859 9 407 14,388 48,654 
1987 26,352 9,979 14,410 50,741
 
1988 27,942 10,591 14,760 53,293
 
1989 29,638 11,249 15,582 56,469 
1990 
 31,447 11,954 16,460 59,861 
1991 33,376 12,710 17,399 63,485 
1992 35,435 13,526 18,405 67,366 
1993 37,635 14,404 19,483 71,522 
1994 39,984 15,351 20,640 75,975 
1995 
 42,500 16,375 21,883 80,758
 

http:Project.ed


------------- 

Table A-2. Scenario I--Unsubsidized Sector (1985) Projected Fertilizer
 
Consumption With Present Marketing System and Curreat
 
Fertilizer/Crop Price Ratios
 

Products 
Year AS 20-10-10 Urea Rock DAP TSP KC1 10-10-20 

...-....- .-.-.----------(mt)............................... 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

1,126 
1,181 
1,239 
1,300 
1,365 
1,432 
1,501 
1,575 
1,652 
1,734 

652 
685 
719 
755 
793 
833 
875 
919 
965 

1,013 

6,642 
6,956 
7,290 
7,647 
8,028 
8,433 
8,865 
9,326 
9,817 

10,341 

3,458 
3,626 
3,801 
3,986 
4,180 
4,383 
4,596 
4,819 
5,053 
5,299 

1,470 
1,486 
1,503 
1,521 
1,539 
1,558 
1,578 
1,599 
1,621 
1,644 

389 
416 
445 
476 
509 
544 
581 
621 
663 
708 

9,304 
9,655 
10,022 
10,408 
10,813 
11,238 
11,685 
12,152 
12,642 
13,157 

987 
1,036 
1,088 
1,142 
1,199 
1,259 
1,322 
1,388 
1,457 
1,530 

Products
Year 15-15-15 SSP K
2 S04 15-20-15 22-10-15 Total 
-- - - --- ------ (mt)-  (rt)

1986 4,789 
 11 11 6,799 8,178 43,816

1987 5,280 12 12 
 7,275 8,750 
 46,370

1988 5,837 13 13 
 7,784 9,363 49,117

1989 6,471 14 14 
 8,329 10,018 52,081

1990 7,194 15 
 15 8,912 10,719 55,281

1991 8,021 16 16 
 9,536 11,469 58,738

1992 
 8,970 17 17 10,204 12,272 62,483

1993 10,064 18 
 18 10,918 13,131 66,548

1994 11,327 19 
 19 11,682 14,050 70,967

1995 12,791 20 
 20 12,500 15,034 75,791
 

Nutrients
 
Year N 
 P2-0 .K20 Total
 

---------------- (mt)-------------------(rot)
 

1986 7,323 4,955 
 8,815 21,093
 
1987 7,764 5,259 9,270 
 22,293

1988 8,240 5,588 9,757 
 23,585

1989 8,754 5,945 10,278 24,977

i990 9,309 6,332 10,838 26,479
 
1991 9,910 6,751 11,440 28,101

1992 10,560 7,209 12,0F8 29,857

1993 11,267 7,708 12,787 31,762

1994 12,036 8,253 13,541 33,830

1995 12,874 8,852 
 14,360 36,086
 



Table A-3. Scenario 1--Subsidized Sector (1985) Projected Fertilizer
 
Consumption With Present Marketing System and Current 
Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-0 12-6-20 Urea Total 

- ------------ (mt)------------ (mt) 

1986 15,000 39,729 8,000 11,913 74,642 
1987 10,000 45,400 3,000 15,321 73,720 
1988 9,000 50,030 0 16,971 76,000 
1989 8,000 53,040 0 18,688 79,728 
1990 7,000 56,219 0 20,487 83,705 
1991 6,000 59,588 0 22,367 87,954 
1992 6,000 63,170 0 23,873 93,041 
1993 6,000 66,961 0 25,468 98,429 
1994 6,000 70,981 0 27,157 104,137 
1995 6,000 75,231 0 28,957 110,186 

Nutrients 
Year N P205 K20 Total 

- ------------ (mt)---------- (mt) 

1986 17,536 4,453 5,573 27,562 
1987 18,588 4,720 5,140 28,448 
1988 19,702 5,003 5,003 29,708 
1989 20,884 5,304 5,304 31,492 
1990 22,138 5,622 5,622 33,382 
1991 23,466 5,959 5,959 35,384 
1992 24,875 6,317 6,317 37,509 
1993 26,367 6,696 6,696 39,759 
1994 27,948 7,098 7,098 42,144 
1995 29,626 7,523 7,523 44,672 



Table A-4. Scenario I--Central and South Provinces Projected Fertilizer
 
Consumption With Present Marketing System and Current 
Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-10 12-6-20 Urea Total 

- ------------- (rot) --------------------- (MOt) 
1986 173 838 169 137 1,317 
1987 115 958 64 176 1,313 
1988 103 1,055 0 195 1,353 
1989 92 1,119 0 215 1,426 
1990 80 1,186 0 235 1,501 
1991 69 1,257 0 257 1,583 
1992 69 1,333 0 275 1,677 
1993 69 1,413 0 293 1,775 
1994 69 1,498 0 312 1,879 
1995 69 1,587 0 333 1,989 

Nutrients 
Year N P20. K20 Total 

- ---------- -(mt)---------- (mt) 
1986 287 94 118 449 
1987 304 100 109 513 
1988 322 106 106 534 
1989 342 112 112 566 
1990 362 119 119 600 
1991 384 126 126 636 
1992 408 133 133 674 
1993 432 141 141 714 
1994 458 150 150 758 
1995 485 159 159 803 



------------ 

--------- 

a
Table A-5. Scenario I--West Province
 Projected Fertilizer Consumption With
Present Marketing.System and Current Fertilizer/Crop Price Ratios
 

Products
 
Year AS 20-10-10 12-6-20 
 Urea Total
 

(rnt)-----------
 - - (mt) 
1986 4,876 14,414 
 2,903 3$873 26,066
 
1987 3,251 16,471 
 1,088 4,982 25,792

1988 2,926 18,151 0 
 5,517 26,594
 
1989 2,600 19,243 0 
 6$076 27,919

1990 2,275 20,397 0 
 6,660 29,332

1991 1,950 21,619 0 7,271 30,840

1992 1,950 22,918 
 0 7,761 32,629

1993 1,950 24,293 
 0 8,279 34,522

1994 1,950 25,752 0 8,829 
 36,531

1995 1,950 27,294 0 9,414 38,658
 

Nutrients
 
Year N 
 P205 K20 Total
 

- - (mt)------ - - - (mt) 
1986 6,037 1,616 2,022 9,675
 
1987 6,399 1,712 1,865 9,976
 
1988 6,782 1,815 1,815 
 10,412
 
1989 7,190 1,924 1,924 
 11,038
 
1990 7,621 
 2,040 2,040 11,701
 
1991 8,078 
 2,162 2,162 12,402
 
1992 8,563 2,292 
 2,292 13,147
 
1993 9,076 2,429 2,429 
 13,934
 
1994 9,621 2,575 
 2,575 14,771
 
1995 10,199 
 2,729 2,729 15,657
 

a. It is estimated that each year 6,000-12,000 mt of product

purchased in the Littoral Province is 
used in the West Province.
 



Table A-6. 
 Scenario I--East Province Projected Fertilizer Consumption With
 
Present Marketing System and Current Fertilizer/Crop Price Ratios
 

_______________Products 

Year AS 20-10-10 12-6-20 Urea 
............-...------------ (mt)...- .-.-.-.--------

1986 
1987 
i988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

229 
159 
146 
133 
119 
107 
107 
108 
109 
110 

1,752 
2,002 
2,207 
2,339 
2,479 
2,627 
2,786 
2,953 
3,130 
3,318 

353 
132 
0 
0 
0 
0 
0 
0 
0 
0 

1,955 
2,002 
2,026 
2,050 
2,076 
2,103 
2,124 
2,147 
2,170 
2,196 

Year DAP 
Products 

TSP KCI Total 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

-----------

1,145 
1,145 
1,145 
1,145 
I145 
1,145 
1,145 
1,145 
1,145 
1,145 

(mt) 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

2,070 
2,070 
2,070 
2,070 
2,070 
2,070 
2,070 
2,070 
2,070 
2,070 

(mt) 

7,547T 
7,557 
7,643 
7.789 
7,944 
8,110 
8,293 
8,487 
8,691 
8,909 

Nutrients 
Year N P205 K90 Total 

- ---------- - (mt)---------- (mt) 
1986 1,546 738 1,493 3,777 
1987 
1988 

1,577 
1,610 

750 
764 

1,475 
1,469 

3,802 
3,843 

1989 
1990 

1,645 
1,682 

778 
793 

1,483 
1,497 

3,906 
3,972 

1991 
1992 
1993 
1994 
1995 

1,721 
1,763 
1,807 
1,853 

1,903 

809 
826 
843 
862 
882 

1,513 
1,529 
1,546 
1,565 
1,584 

4,043 
4,118 
4,196 
4,280 
4,369 



-- ----------- 

Table A-7. 	 Scenario I--Northern Provinces Projjected Fertilizer Consumption With
 
Present UMarketj_.i_ Ssem a:d Current Fertilizer/Crop Price Ratios
 

Produc ts
 
Yea r AS 20-10-10 12-6-20 Urea TSP
 -.- ..-. .-..-(mr ) . . . . . . . . .
 -. 	 .-.-. .- - -. .- .- .- .- .

1986 2,698 354 
 71 5,711 357
 
1987 1,799 404 
 27 6,574 382
 
1988 1,619 445 0 
 7,138 409
 
1989 1,439 472 
 0 7,733 438
 
1990 1,259 500 0 
 8,363 469
 
1991 1,079 530 0 
 9,028 502
 
1992 1,079 
 562 0 9,649 537
 
1993 1,079 596 
 0 10,311 575
 
1994 1,079 632 
 0 11,016 615
 
1995 1,079 670 
 0 	 11,768 658
 

Products
 
Year 15-15-15 15-20-15 
 22-10-15 	 Total 

(mt) ..-- -.-.- ------	 (rot) 
1986 4,789 	 6,799 8,178 
 28,957
 
1987 5,280 
 7,275 8,750 30,491
 
1988 5,837 7,784 
 9,363 32,595
 
1989 6,471 8,329 10,018 34,900
 
1990 7,194 8,912 10,719 37,416

1991 8,021 9,536 11,469 40,165
 
1992 8,970 10,204 12,272 43,273
 
1993 10,064 10,918 13,131 
 46,674
 
1994 11,327 11,682 14,050 
 50,401
 
1995 12,791 12,500 15,034 
 54,500
 

Nutrients 
Year N 
 K 0P Total
 

-------- - - (mot)----- - -	 (rnt) 
1986 6,810 3,100 3,015 
 12,925
 
1987 7,294 :3,340 3,242 13,876
 
1988 7,815 3,601 3,492 
 14,908
 
1989 8,378 3,887 3,770 16,035
 
1990 8,985 
 4,199 4,074 17,258
 
1991 9,642 4,541 4,407 18,590 
1992 10,353 4,917 
 4,773 20,043
 
1993 11,125 5,330 5,177 21,632
 
1994 11,963 5,787 
 5,622 23,372
 
1995 12,875 6,292 
 6,116 25,283
 



- - - ---------

Table A-8. Scenario I--Littoral Province a
Present Marketing System and Current Fertilizer/Crop Price Ratios
Projected Fertilizer Consumption With
 

Products
 
Year AS  20-10-10 12-6-20 
 Urea Rock
 

-
 -
 -
 --
--
 -
 (int)
 
1986 5,086 15,458 3,112 4,941 
 3,428

1987 3.455 17,665 1,167 6,109 
 3,594

1988 t,135 19,467 
 0 6,704 3,767

1989 2,816 10,638 
 0 7,323 3,950

1990 2,497 21,875 
 0 7,973 4,142

1991 2,178 23,187 
 0 8,651 4,343

1992 2,187 24,580 
 0 9,210 4,554

1993 2,198 26,054 
 0 9,802 4,775

1994 2,207 27,618 
 0 10,428 5,007

1995 2,218 29,272 0 
 11,093 5,251
 

Products
 
Year DAP KCI 
 10-10-20 
 Total
 

- ---------- - (mt)---------- (mt)
 
1986 325 
 4,158 
 987 37,495

1987 341 
 4,355 
 1,036 37,722

1988 358 
 4,560 
 1,088 39,079
 

376 4,776
1989 1,142 41,021
 
394 5,003
1990 1,199 43,083
 
413 5,241
1991 1,259 45,272

433 5,491
1992 1,322 47,777


1993 454 
 5,753 
 1,388 50,424
 
476 6,027
1994 1,457 53,220


1995 499 6,314 1,530 
 56,177
 

Nutrients
 
Year N P205 K20 Total
 

---------- (mt)-.---------- (mt)
 
1986 6,963 3,009 4,860 
 14,832

1987 7,374 3,175 4,820 
 15,369

1988 7,809 3,350 4,900 
 16,059
 
1989 8,269 3,536 5,158 
 16,963

1990 8,758 3,731 5,429 
 17,918
 
1991 9,274 3,937 5,715 
 18,926
 
1992 9,822 4,156 
 6,017 19,995

1993 10,402 4,386 
 6,335 21,123
 
1994 11,015 4,629 
 6,669 22,313
 
1995 11,666 4,885 7,022 
 23,573
 

a. It 
is estimated that each year 6,000-12,000 mt of product

purchased in the Littoral Province is 
used in the West Province.
 



Table A-9. Scenario I--South West Province Projected Total Fertilizer
 
Consumption With Present Marketing System and Current
 
Fertilizer/Crop Price Ratios 

Products 

Year AS 20-1.0-10 12-6-20 Urea Rock KCI SSP Total 

------------ -(- (rOt) ---. -.--. - -.- ---- (MOt) 
1986 1,406 3,004 474 622 30 3,076 11 8,623 
1987 1,297 3,373 177 741 32 3,230 12 8,862 
1988 1,315 3,681 0 806 34 3,392 13 9,241 
1989 1,336 3,895 0 873 36 3,562 14 9,716 
1990 1,330 4,121 0 944 38 3,740 15 10,218 
1991 1,385 4,360 0 1,018 40 3,927 16 10,746 
1992 1,444 4,615 0 1,081 42 4,124 17 11,323 
1993 1,508 4,884 0 1,148 44 4,329 18 11,931 
1994 1,574 5,167 0 1,218 46 4,545 19 12,569 
1995 1,643 5,467 0 1,294 48 4,773 20 13,245 

Nutrients 

Year N P205 K20 Total 
--- ------ (Mt)--------- (nt) 

1986 1,239 340 2,241 3,820 
1987 1,309 360 2,311 3,980 
1988 1,383 381 2,403 4,167 
1989 1,461 403 2,527 4,391 
1990 1,544 427 2,656 4,627 
1991 1,631 451 2,792 4,874 
1992 1,724 478 2,936 5,138 
1993 1,822 505 3,086 5,413 
1994 1,924 534 3,244 5,702 
1995 2,034 565 3,411 6,010 



Table A-10. 
Scenario I--North West Province Projected Total Fertilizer
 
Consumption With Present Marketing System and Current 
Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-10 12-6-20 Urea Total 

---- ------- (mt)------------ (mt) 
1986 
1987 
1988 
1989 
1990 

1,658 
1,105 
994 
884 
774 

4,561 
5,212 
5,743 
6,089 
b,454 

918 
344 
0 
0 
0 

1,316 
1,693 
1,875 
2,065 
2,264 

8,453 
8,354 
8,612 
9,038 
9,492 

1991 
1992 
1993 
1994 
1995 

663 
663 
663 
663 
663 

6,841 
7,251 
7,687 
8,149 
8,636 

0 
0 
0 
0 
0 

2,472 
2,638 
2,814 
3,001 
3,200 

9,976 
10,552 
11,164 
11,813 
12,499 

Nutrients 
Year N P205 K20 Total 

- ------------ (mt)------- (mt) 
1986 1,976 511 640 3,127 
1987 2,095 542 590 3,227 
1988 2,220 574 574 3,368 
1989 2,353 609 609 3,571 
1990 2,495 645 645 3,785 
1991 2,645 684 684 4,013 
1992 2,803 725 725 4,253 
1993 2,971 769 769 4,509 
1994 3,149 815 815 4,779 
1995 3,338 864 864 5,066 



Table A-1i. 
 Scenario 1--Bananas Projected Fertilizer Consumption With Present
 
Marketin.g.S stem and Current Fertilizer/Crop Price Ratios
 

Year 


1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 


Year 


1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 


Products 

Urea KC] 
S- (t) 

1,279 840 
1,343 882 
1,410 926 
1,481 972 
1,556 1,021 
1,634 1,072 
1,716 1,126 
1,802 1,182 
1,892 1,241 
1,987 1,303 

Nutrients
 
N K20 


(mt) 

588 504 

618 529 

649 556 

681 583 

716 613 

752 643 

789 676 

829 709 

870 745 

914 782 


Total
 

(mt) 

2,119
 
2,225
 
2,336
 
2,453
 
2,577
 
2,706
 
2,842
 
2,984
 
3,133
 
3,290
 

Total
 

(mt)
 

1,092
 
1,147
 
1,205
 
1,264
 
1,329
 
1,395
 
1,465
 
1,538
 
I615
 
1,696
 



Table A-12. 
Scenario I--Cotton Projected Fertilizer Consumption Projections
 
With Present Fertilizer Marketing Sytem and Current Fertilizer/
 
Crop Price Ratios
 

Products 
Year Urea TSP 15-15-15 15-20-15 22-10-15 Total 

--  - --------- (mt)- - ----------- (mt) 
1986 
1987 

3,568 
3,818 

357 
382 

3,589 
3,840 

6,799 
7,275 

8,178 
8,750 

22,491 
24,065 

1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

4,085 
4,371 
4,677 
5,004 
5,35't 
5,729 
6,130 
6,559 

409 
438 
469 
502 
537 
575 
615 
658 

4,109 
4,397 
4,705 
5,034 
5,386 
5,763 
6,166 
6,598 

7,784 
8,329 
8,912 
9,536 
10,204 
10,918 
11,682 
12,500 

9,363 
10,018 
10,719 
11,469 
12,272 
13,131 
14,050 
15,034 

25,750 
27,553 
29,482 
31,545 
33,753 
36,116 
38,643 
41,349 

Nutrients 
Year N P K20 Total 

S- - - - - - (mt)---------- (MOt) 
1986 4,999 2,880 2,785 10,664 
1987 5,349 3,082 2,980 11,411 
1988 5,723 3,298 3,188 12,209 
1989 6,124 3,529 3,412 13,065 
1990 6,552 3,776 3,650 13,978 
1991 7,011 4,040 3,906 14,957 
1992 7,501 4,323 4,179 16,003 
1993 8,026 4,626 4,472 17,124 
1994 8,588 4,949 4,785 18,322 
1995 9,189 5,296 5,120 19,605 



Table A-13. Scenario 1--Food Crops Prjected Total Fertilizer ConsmtI4 ion WiLh
 
Present MarkeLin_-ystem and Current Fertilizer/Crop Price Ratios 

_______Prodtucts 

Year AS 20-10-10 12-6-20 Urea 15-15-15 Total 

------------ - - (mt) ------------- (rt) 

1986 5,091 7,757 1,562 4,044 1,200 19,654 
1987 3,520 9,532 630 5,393 1,440 20,515 
1988 3,281 11,238 0 6,187 1,728 22,434 
1989 3,017 12,693 0 7,049 2,074 24,833 
1990 2,728 14,280 0 7,985 2,489 27,482 
1991 2,413 16,010 0 8,998 2,987 30,408 
1992 2,488 17,902 0 9,904 3,584 33,878 
1993 2,563 19,960 0 10,885 4,301 37,709 
1994 2,639 22,200 0 11,947 5,161 41,947 
1995 2,714 24,634 0 13,103 6,193 46,644 

Nutrients 
Year N P205 K20 Total 

--------- (mt)-------- (mt) 

1986 4,848 1,049 1,268 7,165 
1987 5,418 1,207 1,295 7,920 
1988 6,042 1,383 1,383 8,808 
1989 6,726 1,580 1,580 9,886 
1990 7,475 1,801 1,801 11,077 
1991 8,296 2,049 9,049 12,394 
1992 9,196 2,328 328 13,852 
1993 10,182 2,641 2,641 15,464 
1994 11,264 2,994 2,994 17,252 
1995 12,453 3,392 3,392 19,237 



Table A-14. 
Scenario I--Coffee Projected Total Fertilizer Consumption With
 
Present MarketingSystem and Current Fertilizer/Crop Price Ratios
 

______________Produ ct s 
Year AS 20-10-10 12-6-20 
 Urea Total
 

.....-.-.-.---- ----- (FritL-)------------. (mt)
 
1986 9,909 31,972 
 6,438 7,869 56,188

1987 6,480 35,868 2,369 
 9,928 54,645

1988 5,718 38,792 0 10,784 55,294

1989 4,983 
 40,347 0 11,639 56,969

1990 4,271 41,939 0 12,502 58,712

1991 3,586 43,578 0 13,369 60,533

1992 3,510 45,268 0 13,969 62,747

1993 3,437 47,001 0 14,583 
 65,021

1994 3,360 48,781 0 15,210 67,351

1995 3,284 50,597 0 15,584 69,735
 

Nutrients
 
Year N --P205 K20 
 Total
 

- - --------- (mt)------------- (mt)
 
1986 12,868 3,583 
 4,485 20,936

1987 13,386 3,729 4,061 
 21,176

1988 13,920 3,879 3,879 
 21,678

1989 14,470 
 4,035 4,035 22,540

1990 15,036 
 4,194 4,194 23,424

1991 15,618 4,358 
 4,358 24,334

1992 16,216 4,527 4,527 
 25,270

1993 16,830 
 4,700 4,700 26,230

1994 17,458 
 4,878 4,878 27,214

1995 18,102 5,060 
 5,060 28,222
 



Table A-15. Scenario I--Oil Palm Fertilizer Consumption Projections With
 
Present Fertilizer MarketingSystem and Current Fertilizer/
 
Crop Price Ratios
 

Products
 

Year AS Urea 
 Rock DAP KCI Total
 
..-..- .--------
(t) ------------- -(nOt)

1986 373 10 2,408 26 5,271 8,088
 
1987 390 10 2,523 27 5,523 8,473
 
1988 408 
 10 2,643 28 5,787 8,876
 
1989 427 10 2,770 29 6,065 9,301
 
1990 448 10 2,903 30 6,356 9,747
 
1991 469 10 3,042 31 6,661 10,213
 
1992 491 10 3,188 32 6,982 10,703
 
1993 514 10 3,341 33 7,318 11,21.6
 
1994 538 10 3,501 34 7,670 11,753
 
1995 564 10 3,669 35 8,040 12,318
 

Nutrients 
Year N P2 0 Total 

---------------- (mt)-----------------------(mt) 
1986 88 734 3,163 3,985
 
1987 91 769 3,314 4,174
 
1988 95 806 3,472 4,373
 
1989 99 844 3,639 4,582
 
1990 104 885 3,814 4,803
 
1991 109 927 3,997 5,033
 
1992 113 971 4,189 5,273
 
1993 118 1,017 4,391 5,526
 
1994 124 1,066 4,602 5,792
 
1995 129 1,117 4,824 6,070
 



Table A-16. Scenario I--Rubber Fertilizer Consumption Projections With Present
 
Fertilizer Marketing System and Current Fertilizer/Crop Price
 
Ratios
 

Products
 
Year AS 
 Rock DAP KCI 10-10-20 Total
 

..---.-----------
 (MOt) ---------------------- (t)
1986 278 1,050 299 1,088 987 3,702
 
1987 292 1,103 314 1,143 1,036 3,888
 
1988 307 
 1,158 330 1,200 1,088 4,083
 
1989 323 1,216 347 1,260 1,142 4,288
 
1990 339 1,277 364 1,323 1,199 4,502
 
1991 356 1,341 382 1,390 1,259 4,728
 
1992 373 1,408 401 1,460 1,322 4,964
 
1993 392 1,478 421 1,533 1,388 5,212
 
1994 412 1,552 442 1,610 1,457 5,473
 
1995 433 1,630 464 1,690 1,530 5,747
 

Nutrients
 
Year N K20 Total
 

------------ (mt) -- (--r

1986 211 551 
 850 1,612
 
1987 221 
 579 893 1,693
 
1988 233 608 938 
 1,779
 
1989 244 639 984 1,867
 
1990 257 670 1,034 1,961
 
1991 269 704 
 1,086 2,059
 
1992 283 739 1,140 2,162
 
1993 297 776 1,197 2,270
 
1994 312 815 1,257 2,384
 
1995 327 855 1,320 2,502
 



-----------

Table A-17. 
 Scenario I--Sugar Fertilizer Consumption Projections With Present
 
Fertilizer Marketing System and Current Fertilizer/Crop Price
 
Ratios
 

Products
 
Year Urea 
 DAP KCI 
 Total
 

--- - -- - -(mt)- ---- (mt) 
1986 1,785 1,145 2,070 
 5,000

1987 1,785 1,145 2,070 
 5,000

1988 1,785 1,145 
 2,070 5,000

1989 1,785 1,145 
 2,070 5,000

1990 1,785 1,145 2,070 
 5,000

1991 1,785 1,145 
 2,070 5,000

1992 1,785 1,145 
 2,070 5,000

1993 1,785 1,145 2,070 
 5,000

1994 1,785 1,145 
 2,070 5,000

1995 1,785 1,145 
 2,070 5,000
 

Nutrients

Year N P20 
 Total
 

----- (mt) 
 (mt)1986 1,027 
 527 1,242 2,796

1987 1,027 527 
 1,242 2,796

1988 1,027 
 527 1,242 2,796

1989 1,027 
 527 1,242 2,796

1990 1,027 527 
 1,242 2,796
1991 1,027 
 527 1,242 2,796

1992 1,027 
 527 1,242 2,796
1993 1,027 527 
 1,242 2,796

1994 1,027 527 
 1,242 2,796

1995 1,027 
 527 1,242 2,796
 



Table A-18. 
Scenario I--Tea Fertilizer Consumption Projections With Present
 
Fertilizer Marketing System and Current Fertilizer/Crop Price
 
Ratios 

Products 
Year AS 20-10-10 KCI SSP Total 

----------- (MOt) -- ------ (mt) 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

459 
482 
506 
531 
558 
586 
615 
646 
678 
712 

652 
685 
719 
755 
793 
833 
875 
919 
965 

1,013 

35 
37 
39 
41 
43 
45 
47 
49 
51 
54 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1,157 
1,216 
1,277 
1,341 
1,409 
1,480 
1,554 
1,632 
1,713 
1,799 

Nutrients 
Year N K20 Total 

1986 
. . 
227 

. . . . (nit) 
67 86 

(mt) 
380 

1987 238 71 91 400 
1988 250 75 95 420 
1989 263 78 100 441 
1990 276 82 105 463 
1991 290 87 110 487 
1992 304 91 116 511 
1993 319 96 121 536 
1994 335 100 127 562 
1995 352 105 134 591 



Table A-19. Tobacco Fertilizer Consumption Projections With Present Fertilizer
 
Narketing System and Current Fertilizer/Crop Price Ratios
 

Year AS 
Products 
TSP KSOA Total 

- (mt) ------ (mt) 
1986 16 32 11 59 
1987 17 34 12 63 
1988 18 36 13, 67 
1989 19 38 14 71 
1990 20 40 15 75 
1991 21 42 16 79 
1992 22 44 17 83 
1993 23 46 18 87 
1994 24 48 19 91 
1995 25 50 20 95 

Nutrients 
Year N P20, K Total 

1986 
....... 
3 

(mt) 
15 6 

(mt) 
24 

1987 4 16 6 26 
1988 4 17 7 28 
1989 4 17 7 28 
1990 4 18 8 30 
1991 4 19 8 31 
1992 5 20 9 34 
1993 5 21 9 35 
1994 5 22 10 37 
1995 5 23 10 38 



APPENDIX B
 

Cameroon Fertilizer Use Projection
 

Scenario II
 



----------------- 

Table B-I. Scenario If--Cameroon Projected Total Fertilizer Consumption With 
Recommended MarketingSystem and Current Fertilizer/Crop Price 
Ratios
 

Products 
Year AS 20-10-10 12-6-20 10,_3010 Urea Rock DAP TSP 

- ---------------- (,t) .. --
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

16,126 
11,181 
10,238 
9,300 
8,364 
7,431 
7,499 
7,575 
7,651 
7,732 

40,381 
46,085 
43,952 
41,377 
40,392 
41,283 
44,365 
46,998 
46,635 
46,763 

8,000 
3,000 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

4,000 
8,000 
12,000 
16,000 
20,000 
25,000 
32,000 
40,000 

18,555 
22,277 
27,964 
33,488 
38,790 
43,792 
47,947 
52,703 
59,008 
65,634 

3,458 
3,626 
3,801 
3,986 
4,180 
4,383 
4,596 
4,819 
5,053 
5,299 

1,470 
1,486 
1,503 
1,521 
1,539 
1,558 
1,578 
1,599 
1,621 
1,644 

389 
416 
445 
476 
509 
544 
581 
621 
663 
708 

r -I -0- 2 Products 

Year 10-10-20 1_5-15-15 SSP S 15-20-15 22-10-15 Total
 

(nt) -.-.-------- -----
 (nit)
 
1986 9,304 987 4,789 11 11 
 6,799 8,178 118,458

1987 9,655 1,036 5,280 12 12 7,275 
 8,750 120,090

1988 10,022 1,088 5,837 
 13 13 7,784 9,363 126,022

1989 10,408 1,142 6,471 14 14 
 8,329 10,018 134,542

1990 10,813 1,199 7,194 15 15 8,912 
 10,719 144,641

1991 11,238 1,259 8,021 
 16 16 9,536 11,46) 156,548

1992 11,685 1,322 8,970 17 17 
 10,204 12,272 171,053

1993 12,152 1,388 10,064 
 18 18 10,918 13,131 187,005

1994 12,642 1,457 11,327 19 
 19 11,682 14,050 203,827

1995 13,157 1,530 12,791 20 20 12,500 
 15,034 222,832
 

Nutrients 
Year N __O_ __K_O Total 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

.----

24,859 
26,352 
28,686 
31,245 
34,049 
37,125 
40,496 
44,197 
48,257 
52,718 

-.---- (rot) ------------

9,407 14,388 
9,979 14,410 
11,111 14,480 
12,407 15,140 
13,892 15,998 
15,597 17,085 
17,558 18,437 
19,816 19,895 
22,420 21,308 
25,427 22,935 

(rot) 

48,654 
50,741 
54,277 
58,792 
63,939 
69,807 
76,491 
83,908 
91,985 

101,080 



Table B-2. Scenario I--Subsidized Sector (19b5) Projected Fertilizer
 
Consumption With Recommended Marketing System and Current 
Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-10 12-6-20 10-30-10 Urea Total 

----------------(mt)--------------- (mt) 

1986 15,000 39,729 8,000 0 11,913 74,642 
1987 10,000 45,400 3,000 0 15,321 73,720 
1988 9,000 43,233 0 4,000 20,674 76,905 
1989 8,000 40,622 0 8,000 25,841 82,461 
1990 7,000 39,599 0 12,000 30,762 89,360 
1991 6,000 40,450 0 16,000 35,359 97,810 
1992 6,000 43,490 0 20,000 39,082 108,570 
1993 6,000 46,079 0 25,000 43,377 120,457 
1994 6,000 45,670 0 32,000 49,191 132,860 
1995 6,000 45,750 0 40,000 55,293 147,041 

Nutrients 
Year N P,0 K2 0 Total 

------------- (mt)------- (mt) 

1986 17,536 4,453 5,573 27,562 
1987 18,588 4,720 5,140 28,448 
1988 20 446 5,523 4,723 30,692 
1989 22,491 6,462 4,862 33,815 
1990 24,740 7,560 5,160 37,460 
1991 27,215 8,846 5,645 41,706 
1992 29,935 10,349 6,349 46,633 
1993 32,929 12,108 7,108 52,145 
1994 36,222 14,167 7,767 58,156 
1995 39,844 16,575 8,575 64,994 



Table B-3. Scenario II--Unsubsidized Fertilizer Consumption With Recommended
 
Marketing System and Current Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-10 12-6-20 Urea Rock DAP TSP KC

. . . . .. . . . . . . .-( m t ) - - - - - - - -  - - - - - -

1986 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

1,239 
1,300 
1,365 
1,432 
1,501 
1,575 
1,652 
1,734 

719 
755 
793 
833 
875 
919 
965 

1,013 

0 
0 
0 
0 
0 
0 
0 
0 

7,290 
7,647 
8,028 
8,433 
8,865 
9,326 
9,817 
10,341 

3,801 
3,986 
4,180 
4,383 
4,596 
4,819 
5,053 
5,299 

1,503 
1,521 
1,539 
1,558 
1,578 
1,599 
1,621 
1,644 

445 
476 
509 
544 
581 
621 
663 
708 

10,022 
10,408 
10,813 
11,238 
11,685 
12,152 
12,642 
13,157 

Products 
Year 10-10-20 15-15-15 SSP K___4 15-20-15 22-10-15 Total 

- ------------- (mt)------- - - ------ -(mt) 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

1,088 
1,142 
1,199 
1,259 
1,322 
1,388 
1,457 
1,530 

5,837 
6,471 
7,194 
8,021 
8,970 

10,064 
11,327 
12,791 

13 
14 
15 
16 
17 
18 
19 
20 

13 
14 
15 
16 
17 
18 
19 
20 

7,784 
8,329 
8,912 
9,536 

10,204 
10,918 
11,682 
12,500 

9,363 
10,018 
10,719 
11,469 
12,272 
13,131 
14,050 
15,034 

49,117 
52,081 
55,281 
58,738 
62,483 
66,548 
70,967 
75,791 

Nutri ents 
Year N P290 Total 

.....-.------- (nit) -- --------- (mt) 
1986 
1987 
1988 
1989 

8,240 
8,754 

5,588 
5,945 

9,757 
10,278 

23,585 
24,977 

1990 9,309 6,332 10,838 26,479 
1991 
1992 
1993 

9,910 
10,560 
11,267 

6,751 
7,209 
7,708 

11,440 
12,088 
12,787 

28,101 
29,857 
31,762 

1994 
1995 

12,036 
12,874 

8,253 
8,852 

13,541 
14,360 

33,830 
36,086 



Table B-4. Scenario I--Central and South Provinces Projected Fertilizer
 
Consumption With Recommended Marketing System and Current 
Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-10 12-6-20 10-30-10 Urea Total 

- ------------ (mt) -------------- - (tnt) 
1986 173 838 169 0 137 1,317 
1987 115 958 64 0 176 1,313 
1988 103 913 0 84 238 1,338 
1989 92 857 0 169 298 1,416 
1990 
1991 

80 
69 

835 
854 

0 
0 

253 
338 

354 
407 

1,522 
1,668 

1992 69 918 0 422 449 1,858 
1993 
1994 
1995 

69 
69 
69 

972 
964 
965 

0 
0 
0 

528 
675 
844 

499 
565 
636 

2,068 
2,273 
2,514 

Nutrients 
Year N P___ Total 

. (mt) (mt) 

1986 287 94 118 499 
1987 304 100 109 513 
1988 322 11.7 100 539 
1989 345 136 103 584 
1990 372 159 109 640 
1991 406 187 119 712 
1992 447 218 134 799 
1993 491 256 150 897 
1994 535 299 164 998 
1995 584 350 181 1,115 



Table B-5. Scenario ll--West Provincea 
Projected Fertitizer Consumption With
 
Recommended Marketing System and Current Ferti.izer/CropPrice
 

Ratios
 

Products 
Year AS 20-10-10 12-6-20 10-30-10 Urea Total 

- ---------- (mt) ------------- ---- (mt) 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1993 
1994 
1995 

4,876 
3,251 
2,926 
2,600 
2,275 
1,950 
1,950 

1,950 
1,950 
1,950 

14,414 
16,471 
15,684 
14,737 
14,367 
14,676 
15,778 

16,718 
16,569 
16,598 

2,903 
1,088 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

1,451 
2,902 
4,353 
5,805 
7,256 

9,070 
11,610 
14,512 

3,873 
4,982 
6,722 
8,401 
10,000 
11,495 
12,706 

14,102 
15,992 
17,976 

26,066 
25,792 
26,783 
28,640 
30,995 
33,926 
37,690 

41,840 
46,121 
51,036 

Nutrients 
Year N P20 KqO Total 

- - -------- (mt)- ------ (mt) 
1986 
1987 

6,037 
6,399 

1,616 
1,712 

2,022 
1,865 

9,675 
9,976 

1988 6,988 2,004 1,714 10,706 
1989 7,648 2,344 1,764 11,756 
1990 8,386 2,743 1,872 13,001 
1991 9,213 3,209 2,048 14,470 
1992 10,135 3,755 2,303 16,19:3 
1993 
1994 
1995 

11,147 
12,241 
13,449 

4,393 
5,140 
6,013 

2,579 
2,818 
3,111 

18,119 
20,199 
22,573 

a. It is estimated that each year 6,000-i2,000 mt of 
product purchased in the Littoral Province is used in the 
West Province. 



Table B-6. 
 Scenario Il--East Province Projected Fertilizer Consumption With
 
Recommended Marketing SystLm and Current Fertilizer/Crop Price
 
Ratios
 

Products 

Year AS 20-10-10 12-6-20 10-30-10 Urea 
----- ----------- (O--t) --------- - ------

1986 229 1,752 353 0 1,955 
1987 159 2,002 132 0 2,002 
1988 146 1,907 0 176 2,078 
1989 133 1,792 0 352 2,152 
1990 119 1,746 0 529 2,222 
1991 107 1,783 0 706 2,287 
1992 107 1,918 0 882 2,340 
1993 108 2,032 0 1,102 2,401 
1994 109 2,014 0 1,411 2,484 
1995 110 2,018 0 1,764 2,570 

Products
 

Year DAP TSP 
 KCI KS Total
 
-----------------(mt)- - ---------

1986 1,145 32 2,070 11 7,547
 
1987 1,145 34 2,070 12 7,556
 
1988 1,145 36 2,070 13 7,571
 
1989 1,145 38 14
2,070 7,696
 
1990 1,145 40 2,070 15 
 7,886
 
1991 1,145 42 2,070 16 
 8,156
 
1992 1,145 44 2,070 17 
 8,523
 
1993 1,145 46 2,070 
 18 8,922
 
1994 1,145 48 2,070 
 19 9,300
 
1995 1,145 50 2,070 20 9,747
 

Nutrients
 

Year 
 N Pao" Total 
.. .. .(rot)-------------(rot) 

1986 1,546 738 1,493 3,777
 
1987 1,577 750 1,475 3,802
 
1988 1,592 787 1,457 3,836
 
1989 1,618 829 1,463 3,910
 
1990 1,655 878 1,477 4,010
 
1991 1,708 936 1,499 4,143
 
1992 1,777 1,003 1,531 4,311
 
1993 1,850 1,082 1,564 4,496
 
1994 1,916 1,173 1,594 4,683
 
1995 1,99i 1,281 1,630 4,902
 



Table B-7. Scenario Jl--Northern Provinces Projected Fertilizer Consumption

With Recommended .Marketing System and Current Fertilizer/Crop
 
Price Ratios
 

Products 
Year AS 20-10-10 12-6-20 10-30-10 Urea 

---------- ---------(t) .. . 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

2,698 
1,799 
1,619 
1,439 
1,259 
1,079 
1,079 
1,079 
1,079 
1,079 

354 
404 
385 
362 
352 
360 
387 
410 
406 
407 

71 
27 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

36 
71 

107 
142 
178 
223 
285 
356 

5,711 
6,574 
7,804 
9,020 
10,211 
11,365 
12,385 
13,532 
14,979 
16,506 

Products 
Year TSP 15-15-15 15-20-15 22-10-15 Total 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

-------
357 
382 
409 
438 
469 
502 
537 
575 
615 
658 

-----------..(MOt) 
4,789 
5,280 
5,837 
6,471 
7,194 
8,021 
8,970 
10,064 
11,327 
12,791 

--...--.- - -------
6,799 8,178 
7,275 8,750 
7,784 9,363 
8,329 10,018 
8,912 10,719 
9,536 11,469 
10,204 12,272 
10,918 13,131 
11,682 14,050 
12,500 15,034 

- (MOt) 
28,957 
30,491 
33,237 
36,148 
39,223 
42,474 
46,012 
49,932 
54,423 
59,331 

___ -__ Nutrients 
Year N -_PO0 K20 Total 

.(t) - - - - (Ht) 
1986 
1987 
1988 
1989 

1990 
1991 
1992 
1993 
1994 
1995 

6,810 
7,294 
8,113 
8,955 

9,817 
10,697 
11,595 
12,592 
13,769 
15,037 

3,100 
3,340 
3,606 
3,897 

4,216 
4,567 
4,953 
5,379 
5,849 
6,372 

3,015 
3,242 
3,490 
3,766 

4,070 
4,404 
4,773 
5,180 
5,628 
6,125 

12,925 
13,876 
15,209 
16,618 

18,103 
19,668 
21,321 
23,151 
25,246 
27,534 



------------ 

a
Table B-8. Scenario Il--Littoral Provincej Proected Fertilizer Conswnption
 
With Recommended MarketinSstem and Current Fertilizer/Crop
 
Price Ratios
 

Products
 
Year AS 20-10-10 12-6-20 10-30-10 Urea
 

..........-.....------------
 (mt) .....- ..-----------

1986 5,086 15,458 3,112 0 4,941
 
1987 3,455 17,665 1,167 0 6,109
 
1988 3,135 16,821 0 1,556 7,916
 
1989 2,816 15,806 0 3,113 9,666
 
1990 2,497 15,408 0 4,669 11,339
 
1991 2,178 15,739 0 6,226 12,907
 
1992 2,187 16,922 0 7,782 14,194
 
1993 2,198 17,929 0 9,728 15,669
 
1994 2,207 17,770 0 12,451 17,646
 
1995 2,218 17,801 0 15,564 19,721
 

Products
 
Year Rock DAP KCI 
 10-10-20 Total 

- - (int)----------- (mt)
 
1986 3,428 325 4,158 987 37,495 
1987 3,594 341 4,355 1,036 37,722 
1988 3,767 358 4,560 1,088 39,201 
1989 3,950 376 4,776 1,142 41,645 
1990 4,142 394 5,003 1,199 44,651 
1991 4,343 413 5,241 1,259 48,306 
1992 4,554 433 5,491 1,322 52,885 
199:3 4,775 454 5,753 1,388 57,894 
1994 5,007 476 6,027 1,457 63,041 
1995 5,251 499 6,314 1,530 68,898 

Nutrients
 
Year N 
 K20 Total
 

----------- (mt) ....... (MOt)
 
1986 6,963 3,009 4,860 141832
 
1987 7,374 3,175 4,820 15,369
 
1188 7,993 3,552 4,791 16,336
 
:89 8,692 3,987 4,986 17,665
 

1990 9,480 4,485 5,249 19,214
 
1991 10,365 5,060 5,593 21,018
 
1992 11,361 5,724 6,029 23,114
 
1993 12,448 6,491 6,495 25,434
 
1994 13,611 7,379 6,930 27,920
 
1995 14,897 8,407 7,431 30,735
 

a. It is estimated that each year 6,000-12,000 mt of product
 
purchased in the Littoral Province is used in the West
 
Province.
 



Table B-9. 
 Scenario 11--South West Province Projected Fertilizer Consumption
 
With Recomended Marketing System and Current Fertilizer/Croq Price 
Ra t i os 

Products 

Year AS 20-10-10 12-6-20 10-30-10 Urea Rock KCI SSP Total 
- -------------- (mt) -.------- -------- (mt 

1986 
1987 
1988 
1989 
1990 
1991 

1,406 
1,297 
1,315 
1,336 
1,360 
1,385 

3,004 
3,373 
3,279 
3,160 
3,138 
3,227 

474 
177 
0 
0 
0 
0 

0 
0 

237 
473 
711 
948 

622 
741 
921 

1,096 
1,265 
1,424 

30 
32 
34 
36 
38 
40 

3,076 
3,230 
3,392 
3,562 
3,740 
3,927 

11 
12 
13 
14 
15 
16 

8,623 
8,862 
9,191 
9,677 

10,267 
10,967 

1992 1,444 3,450 0 1,184 1,555 42 4,124 17 11,816 
1993 
1994 
1995 

1,508 
1,57 
1,643 

3,647 
3,669 
3,722 

0 
0 
0 

1,480 
1,894 
2,368 

1,707 
1,906 
2,115 

44 
46 
48 

4,329 
4,545 
4,773 

18 
19 
20 

12,733 
13,653 
14,689 

Nutrients 
Year N PO 2 Total 

---------- - (nit)------- - (nit) 
1986 1,239 340 2,241 3,820 
1987 1,309 360 2,311 3,980 
1988 1,379 412 2,387 4,178 
1989 1,464 471 2,501 4,436 
1990 1,566 542 2,629 4,737 
1991 1,686 622 2,774 5,082 
1992 1,827 716 2,938 5,481 
1993 1,979 826 3,110 5,915 
1994 2,131 953 3,283 6,367 
1995 2,299 1,101 3,473 6,873 



Table B-10. Scenario Il--North West Province Projected Fertilizer Consumption
 
With Recommended Marketing System and Current Fertilizer/Crop Price
 
Ratios
 

Products
 
Year AS 20-10-10 12-6-20 10-30-10 Urea Total
 

-- ----------- (mt)-------------- (mt)
 

1986 1,658 4,561 918 0 1,316 8,453
 
1987 1,105 5,212 344 0 1,693 8,354
 
1988 994 4,963 0 459 2,285 8,701
 
1989 884 4,663 0 918 2,855 9,320
 
1990 774 4,546 0 1,378 3,399 10,097
 
1991 663 4,644 0 1,837 3,907 11,051
 
1992 663 4,992 0 2,296 4,318 12,269
 
1993 663 5,290 0 2,870 4,793 13,616
 
1994 663 5,243 0 3,674 5,436 15,016
 
1995 663 5,252 0 4,592 6,110 16,617
 

Nutrients 
Year N " Total 

S(mt)--------- (mt) 

1986 1,976 511 640 3,127
 
1987 2,095 542 590 3,227
 
1988 2,298 634 542 3,474
 
1989 2,523 742 558 3,823
 
1990 2,773 868 592 4,233
 
1991 3,049 1,016 648 4,713
 
1992 3,354 1,188 729 5,271
 
1993 3,689 1,390 816 5,895
 
1994 4,056 1,627 892 6,575
 
1995 4)459 1,903 984 7,346
 



Table B-I1. Scenario lI--Bananas Projected Fertilizer Consumption With
 
Recommended Marketinstem and Current Fertilizer/Crop
 
Price Ratios
 

Products 
 Nutrients

Year Urea KCl 
 Total 
 N K20 Total 

- - - - (nit)- -- - (m) - - -(MOt) - - (Int) 
1986 1,279 840 2,119 588 504 1,092

1987 1,343 882 2,225 618 
 529 1,147

1988 1,410 926 
 2,336 649 
 556 1,205

1989 1,481 972 2,453 681 
 583 1,264

1990 1,556 1,021 2,577 716 613 
 1,329

1991 1,634 1,072 2,706 
 752 643 1,395

1992 1,716 1,126 2,842 789 676 
 1,465

1993 1,802 1,182 2,984 
 829 709 1,538

1994 1,892 1,241 3,133 870 745 
 1,615

1995 1,987 1,303 3,290 
 914 782 1,696
 



Table B-12. Scenario 11--Coffee Projected Fertilizer Consumption With
 
Recommended MarketingSystem and Current Fertilizer/Crop 
Price Ratios 

Products 
Year AS 20-10-0 12-6-20 10-30-10 Urea Total 

--------------.-.--- (mt) -------------- (mt) 

1986 9,909 31,972 6,438 0 7,869 56,188 
1987 6,480 35,868 2,369 0 9,928 54,645 
1988 5,718 35,072 0 1,550 13,136 55,476 
1989 4,983 33,942 0 3,042 16,095 58,062 
1990 4,271 34,017 0 4,476 18,773 61,537 
1991 3,586 35,433 0 5,851 21,135 06,005 
1992 3,510 38,332 0 7,166 22,870 71,878 
1993 3,437 41,120 0 8,775 24,838 78,170 
1994 3,360 42,383 0 10,995 ,27,550 84,288 
1995 3,284 44,220 0 13,450 30,273 91)227 

Nutrients 
Year N .Po K20_ Total. 

- -------- (mt)--------- (mt) 

1986 12,868 3,583 4,485 20,936 
1987 13,386 3,729 4,061 21,176 
1988 14,413 3,972 3,662 22,047 
1989 15,543 4,307 3,698 23,548 
1990 16,783 4,745 3,849 25,377 
1991 18,147 5,299 4,128 27,574 
1992 19,640 5,983 4,550 30,173 
1993 21,249 6,745 4,990 32,983 
1994 22,955 7,537 5,337 35,829 
1995 24,804 8,457 5,767 39,028 



Table B-13. 
 Scenario 11--Cotton Projected Fertilizer Consumption With
 
Recommended MarketingSystem and Current Fertilizer/Crop 
Price Ratios 

Products 
Year Urea TSP 15-15-15 15-20-15 22-10-15 Total 

- ----------- (ot)------------------ (nit) 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

3,568 
3,818 
4,085 
4,371 
4,677 
5,004 
5,354 
5,729 
6,130 
6,559 

357 
382 
409 
438 
469 
502 
537 
575 
615 
658 

3,589 
3,840 
4,109 
4,397 
4,705 
5,034 
5,386 
5,763 
6,166 
6,598 

6,799 
7,275 
7,78' 
8,329 
8,912 
9,536 
10,204 
10,918 
11,682 
12,500 

8,178 
8,750 
9,363 
10,018 
10,719 
11,469 
12,272 
13,131 
14,050 
15,034 

22,491 
24,065 
25,750 
27,553 
29,482 
31,545 
33,753 
36,116 
38,643 
41,349 

Nutrients 
Year N P2 0 K2 0 Total 

. (lilt)--- ----- (mt) 
1986 4,999 2,880 2,785 10,664 
1987 5,349 3,082 2,980 11,411 
1988 5,723 3,298 3,188 12,209 
1989 6,124 3,529 3,412 13,065 
1990 6,552 3,776 3,650 13,978 
1991 7,011 4,040 3,906 14,957 
1992 7,501 4,323 4,179 16,003 
1993 8,026 4,626 4,472 17,124 
1994 8,588 4,949 4,785 18,322 
1995 9,189 5,296 5,120 19,605 



Table B-14. Scenario Il--Food Crop Projected Fertilizer Consumption With
 
Recommended Marketi stem and Current Fertilizer/Crop Price
 
Ratios
 

Products
 

Year AS 20-10-10 12-6-20 10-30-10 Urea 15-15-15 Total
 
.---------------- (mL) (mt)
 

1986 5,091 7,757 1,562 
 0 4,044 1,200 19,654
 
1987 3,520 9,532 630 0 5,393 1,440 20,515
 
1988 3,281 
 8,161 0 2,449 7,538 1,728 23,157
 
1989 3,017 6,680 0 
 4,956 9,746 2,074 26,473
 
1990 2,728 5,582 0 7,524 11,989 2,489 30,312
 
1991 2,413 5,017 0 10,151 14,224 2,987 34,792
 
1992 2,488 5,158 0 12,834 16,212 3,584 40,276
 
1993 2,563 4,959 0 16,226 18,539 4,301 46,588
 
1994 2,639 3,287 
 0 21,005 21,641 5,161 53,733
 
1995 2,714 1,530 0 26,550 25,020 6,193 62,007
 

Nutrients
 
Year N 
 0P20O Total 

----------- (mt).-------.- (mt) 

1986 4,848 1,049 1,268 7,165
 
1987 5,418 1,207 1,295 7,920
 
1988 6,293 1,810 1,320 9,423
 
1989 7,259 2,466 1,475 11,200
 
1990 8,330 3,189 1,684 13,203
 
1991 9,516 3,995 1,965 15,476
 
1992 10,833 4,904 2,337 o3,073
 
1993 12,326 6,009 2,764 21,098
 
1994 14,041 7,404 3,203 24,649
 
1995 15,969 9,046 3,737 28,753
 



Table B-15. 
 Scenario Il--Palm Oil Projected Fertilizer Consumption With
 
Recommended Marketing System and Current Fertilizer/Crop
 
Price Ratios
 

Products 
Year AS Urea Rock DAP KCI Total 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

- - -----------
373 10 
390 10 
408 10 
427 10 
448 10 
469 10 
491 10 
514 !0 
538 10 
564 10 

(mt)--------------

2,408 26 5,271 
2,523 27 5,523 
2,643 28 5,787 
2,770 29 6,065 
2,903 30 6,356 
3,042 31 6,661 
3,188 32 6,982 
3,341 33 7,318 
3,501 34 7,670 
3,669 35 8,040 

(mr) 

8,088 
8,473 
8,876 
9,301 
9,747 
10,213 
10,703 
11,216 
11,753 
12,318 

Nutrients 
Year N P20 =j0 Total 

. (mt)-- --------- (mt) 
1986 88 734 3,163 3,985 
1987 91 769 3,314 4,174 
1988 95 806 3,472 4,373 
1989 
1990 

99 
104 

844 
885 

3,639 
3,814 

4,582 
4,803 

1991 109 927 3,997 5,033 
1992 
1993 
1994 

113 
118 
124 

971 
1,017 
I,C66 

4,189 
4,391 
4,602 

5,273 
5,526 
5,792 

1995 129 1,117 4,824 6,070 



Table B-16. 
 Scenario Il--Rubber Projected Fertilizer Consumption With
 
Recommended Marketing System and Current Fertilizer/Crop
 
Price Ratios
 

Products 
 Nutrients
 
Year AS 
 Rock DAP KCI 10-10-20 Total N 
 P0 K20_ Total.
 

-
 ------(mt)------- (mt) - - - -(mt)- - - - (mt) 

1986 278 1,050 299 1,088 987 3,702 211 551 850 1,612

1987 292 1,103 314 1,143 1,036 3,888 221 579 893 
 1,693

1988 307 1,158 330 1,200 1,088 4,083 233 608 938 1,779

1989 323 1,216 347 1,260 1,142 4,288 244 
 639 984 1,867

1990 339 1,277 364 1,323 1,199 4,502 
 257 670 1,034 1,961
 
1991 356 1,341 382 1,390 1,259 4,728 
 269 704 1,086 2,059

1992 373 1,408 401 1,460 1,322 4,964 283 739 1,140 2,162

1993 392 1,478 421 1,533 1,388 5,212 297 776 
 1,197 2,270
 
1994 412 1,552 442 1,610 1,457 5,473 
 312 815 1,257 2,384

1995 433 1,630 464 1)690 1,530 5,747 
 327 855 1,320 2,502
 



Table B-17. 
 Scenario Il--Sugar Projected Fertilizer Consumption With
 
Recommended Marketing System and Current Fertilizer/Crop
 
Price Ratios
 

Products 
 Nutrients
 
Year Urea DAP KCI 
 Total N 
 0 K0 Total 

---- (mt) - --. (mt) ----- (mt) ----- (mt) 
1986 1,785 1,145 2,070 5,000 1,027 527 1,242 2,796

1987 1,785 1,145 2,070 5,000 1,027 
 527 1,242 2,796

1988 1,785 1,145 2,070 5,000 1,027 
 527 1,242 2,796

1989 1,785 1,145 2,070 5,000 1,027 
 527 1,242 2,796

1990 1,785 1,145 2,070 5,000 1,027 527 
 1,242 2,796

1991 1,785 1,145 2,070 5,000 
 1,027 527 1,242 2,796

1992 1,785 1,145 2,070 5,000 1,027 527 
 1,242 2,796

1993 1,785 1,145 2,070 5,000 
 1,027 527 1,242 2,796

1994 1,785 1,145 2,070 5,000 1,027 527 1,242 
 2,796

1995 1,785 1,145 2,070 5,000 1,027 
 527 1,242 2,796
 



Table B-18. Scenario I--Tea Projected Fertilizer Consumption With Recommended
 
Marketing System and Current Fertilizer/Crop Price Ratios 

Products Nutrients 
Year AS 20-10-10 KCI SSP Total N P20a K20 Total 

----- (mot)--------(MO - - - - (mt)- - - - (nit) 

1986 459 652 35 11 1,157 227 67 86 380 
1987 482 685 37 12 1,216 238 71 91 400 
1988 506 719 39 13 1,277 250 75 95 420 
1989 531 755 41 14 1,341 263 78 100 441 
1990 558 793 43 15 1,409 276 82 105 463 
1991 586 833 45 16 1,480 290 87 110 487 
1992 615 875 47 17 1,554 304 91 116 511 
1993 646 919 49 18 1,632 319 96 121. 536 
1994 678 965 51 19 1,713 335 100 127 562 
1995 712 1,013 54 20 1,799 352 105 134 591 



Table B-19. Scenario IT--Tobacco Projected Fertilizer Consumption With
 
Recommended Marketing System and Current Fertilizer/Crop
 
Price Ratios 

Products Nutrients 
Year AS TSP K9SO Total N 0 K Total 

-(t) ----- (mt) - - - - (mt) - - - - (mt) 

1986 16 32 11 59 3 15 6 24 
1987 17 34 12 63 4 16 6 26 
1988 18 36 13 67 4 17 7 28 
1989 19 38 14 71 4 17 7 28 
1990 20 40 15 75 4 18 8 30 
1991 21 42 16 79 4 19 8 31 
1992 22 44 17 83 5 20 9 34 
1993 23 46 18 87 5 21 9 35 
1994 24 48 19 91 5 22 10 37 
1995 25 50 20 95 5 23 10 38 



APPENDIX C
 

Cameroon Fertilizer Use Projection
 

Scenario III
 



Table C-I. Scenario III--Cameroon Projected Total Fertilizer Consumption With
 
Present Marketing System and High Fertilizer/Crop Price Ratios
 

Products 
Year AS 20-10-10 12-6-20 Urea Rock DAP TSP KC1 

- ------------------ (mt)------------ ----

1986 16,126 40,381 8,000 18,555 3,458 1,470 -89 9,304 
1987 11,181 41,903 3,000 19,821 3,626 1,486 416 9,655 
1988 10,238 43,204 0 20,644 3,801 1,503 445 10,022 
1989 9,300 44,134 0 21,516 3,986 1,521 476 10,408 
1990 8,364 45,124 0 22,443 4,180 1,539 509 10,813 
1991 7,431 46,184 0 23,426 4,383 1,558 544 11,238 
1992 7,499 47,321 0 24,341 4,596 1,578 581 11,685 
1993 7,575 48,536 0 25,319 4,819 1,599 621 12,152 
1994 7,651 49,834 0 26,360 5,053 1,621 663 12,642 
1995 7,732 51,218 0 27,474 5,299 1,644 708 13,157 

Products 
Year 10-10-20 15-15-15 SSP K2 SO4 15-20-15 22-10-15 Total 

----------------- (mt) .......-.-.----------- (rot) 
1986 987 4,789 11 11 6,799 8,178 118,458 
1987 1,036 5,220 12 12 7,275 8,750 113,392 
1988 1,088 5,696 13 13 7,784 9,363 113,814 
1989 1,142 6,222 14 14 8,329 10,018 117,080 
1990 1,199 6,804 15 15 8,912 10,719 120,636 
1991 1,259 7,448 16 16 9,536 11,469 124,508 
1992 1,322 8,162 17 17 10,204 12,272 129,595 
1993 1,388 8,955 18 18 10,918 13,131 135,049 
1994 1,457 9,837 19 19 11,682 14,050 140,888 
1995 1,530 10,820 20 20 12,500 15,034 147,156 

Nutrients 
Year N P 2 5 K 20 Total 

..---------- (rt) --------- (mt) 
1986 24,859 9,407 14,388 48,654 
1987 24,376 9,552 13,983 47,911 
1988 24,748 9,816 13,984 48,548 
1989 25,452 10,246 14,579 50,277 
1B90 26,218 10,706 15,213 52,137 
1991 27,050 11,201 15,889 54,140 
1992 28,107 11,732 16,612 56,451 
1993 29,241 12,303 17,382 58,926 
1994 30,455 12,916 18,205 61,576 
1995 31,760 13,577 19,085 64,422 



------------- 

Table C-2. Scenario Ill--Subsidized Sector (1985) Projected Fertilizer Consumption
 
With Present Marketing System and High Fertilizer/Crop Price Ratios
 

Products
 

Year AS 20-10-10 12-6-20 Urea Total
 
(mt)------------ (mt)
 

1986 15,000 39,729 11,913
8,000 74,642
 
1987 10,000 41,218 3,000 12,865 67,082
 
1988 9,000 42,485 0 13,354 64,838
 
1989 8,000 43,379 0 13,869 65,248
 
1990 7,000 44,331 0 14,415 65,745
 
1991 6,000 45,351 0 14,993 66,343
 
1992 6,000 46,446 0 15,476 67,920
 
1993 6,000 47,617 0 15,993 69,610
 
1994 6,000 
 48,869 0 16,543 71,411. 
1995 6,000 50,205 0 17,133 73,336 

Nutrients
 
Year 
 N P20 K2 Total
 

(ot) (lot)
 

1986 17,536 4,453 5,573 27,562
 
1987 16,621 4,302 4,722 25,645
 
1988 16,530 4,249 4,249 25,028
 
1989 16,736 4,338 4,338 25,412
 
1990 16,967 4)433 4,433 25,833
 
1991 17,227 4,535 4,535 26,297
 
1992 17,668 4,645 4,645 26,958
 
1993 18,140 4,762 4,762 27,664
 
1994 18,643 4,887 4,887 28,417
 
1995 19,182 5,021 5,021 29,224
 



------

Table C-3. 	 Scenario 111--Unsubsidized Fertilizer Consumption With Present
 
Marketing System and High Fertilizer/Crop Price Ratios
 

Products
 
Year AS 20-10-10 Urea Rock DAP TSP KCI
 

...-....-
 .-.----------
(mt)-------------


1986 1,126 652 6,642 3,458 1,470 389 9,304
 
1987 1,181 685 6,956 3,626 1,486 
 416 9,655
 
1988 1,239 
 719 7,290 3,801 1,503 445 10,022
 
1989 1,300 755 7,647 
 3,986 	 1,521 476 10,408
 
1.990 1,365 793 8,028 4,180 1,539 
 509 10,813
 
1991 1,432 
 833 8,433 4,383 1,558 544 11,238
 
1992 1,501 875 8,865 
 4,596 1,578 581 11,685
 
1993 1,575 919 9,326 4,819 
 1,599 621 12,152
 
1994 1,652 965 9,817 5,053 
 1,621 663 12,642
 
1995 1,734 1,013 10,341 5,299 1,644 708 13,157
 

Products 
Year 10-10-20 15-15-15 SSP K2,34 15-20-15 22-10-15 Total 

- ---------- (rot) - ----------------------- (mr) 
1986 987 4,789 11 11 6,799 8,178 43,816 
1987 1,036 5,220 12 12 7,275 8,750 46,310 
1988 1,088 5,696 13 13 7,784 9,363 48,976 
1989 1,142 6,222 14 14 8,329 10,018 51,832 
1990 1,199 6,804 15 15 8,912 10,719 54,891 
1991 1,259 7,448 16 16 9,536 11,469 58,165 
1992 1,322 8,162 17 17 10,204 12,272 61,675 
1993 1,388 P',955 18 18 10,918 13,131. 65,639 
1994 1,457 9,837 19 19 11,682 14,050 69,477 
1995 1,530 10,820 20 20 12,500 15,034 73,820 

Nutrients 
Year N _P_)O Total. 

--------- -- O( -t) . -.---- (mt) 

1986 7,323 4,955 8,815 21,093 
1987 7,755 5,250 9,261 22,266 
1988 8,219 5,567 9,736 23,522 
1989 8,716 5,908 10,241 24,865 
1990 9,251 6,273 10,780 26,304 
1991 9,824 6,666 11,354 27,844 
1992 10,439 7,087 11,967 29,493 
1993 11,101 7,541 12,620 31,262 
1994 11,812 8,029 13,318 33,159 
1995 12,578 8,556 14,065 35,199 



Table C-4. Scenario Ill--Central and South Provinces Projected Fertilizer
 
Consumption With Present Marketing System and High Fertilizer/
 
Crop Price Ratios
 

Products 
Year AS 20-10-10 12-6-20 Urea Total 

--------------- (mt)- - ---------- (rot) 
1986 173 838 169 137 1,317
 
1987 115 
 866 64 146 1,191
 
1988 103 890 
 0 151 1,144
 
1989 92 0
907 156 1,155
 
1990 80 924 0 161 1,165
 
1991 69 
 944 0 166 1,179
 
1992 69 964 
 0 171 1,204
 
1993 69 986 0 176 1,231
 
1994 69 1,008 0 181 1,258
 
1995 69 1,033 0 187 1,289
 

Nutrients 
Year N P0 I Total 

S- - (mt)----- - (mt)
 

1986 287 94 118 499
 
1987 272 90 99 461
 
1988 269 89 89 447
 
1989 272 91 91 454
 
1990 276 92 92 460
 
1991 280 94 94 468
 
1992 486 96 96 478
 
1993 293 99 99 491
 
1994 299 101 101 501
 
1995 307 103 103 513
 



Table C-5. a
Scenario Ill--West Province_ Projected Fertilizer Consumption

With Present Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products

Year 
 AS 20-10-10 
 12-6-20 
 Urea Total
 

-- - --------- (mt)--------------(mt)
 
1986 4,876 14,414 2,903 
 3,873 26,066
1987 3,215 15,023 1,088 4,186 
 23,548
1988 2,926 15,546 
 0 4,351 22,823

1989 2,600 15,920 
 0 
 4,528 23,048
1990 2,275 16,320 
 0 
 4,715 23,310
1991 1,950 16,748 
 0 4,916 23,614

1992 1,950 17,209 
 0 5,085 24,244
1993 1,950 17,702 
 0 5,268 24,920
1994 1,950 18,232 
 0 5,464 25,646
1995 1,950 18,797 
 0 5,675 26,422
 

Nutrients
 
Year _N 
 P20 K Total
 

. (mt) -------- (mt) 
1986 6,037 1,616 2,022 9,575 
1987 5,743 1,568 1,720 9,031 
1988 5,725 1,555 1,555 8,835

1989 5,813 1,592 1,592 
 8,997
 
1990 5,911 1,632 1,632 9,175
 
1991 6,020 1,675 1,675 9,370
 
1992 6,190 1,721 1,721 9,632
 
1993 6,373 1,770 1,770 
 9,913

1994 6,569 1,823 
 1,823 10,215
 
1995 6,779 1,880 1,880 
 10,539
 

a. It is 
estimated that each year 6,000-12,000 mt
 
of product purchased in the Littoral Province is
 
used in the West Province.
 



---------------

Table C-6. Scenario Ill--East Province Projected Fertilizer Consumption
 
With Present Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products
 
Year AS 20-10-10 12-6-20 Urea DAP TSP KC1 Total
K2 SO4 


----------------- (mt) 
 (mt)
 

1986 229 1,752 353 1,955 1,145 32 2,070 11 7,547
 
1987 159 1,812 132 1,966 1,145 34 2,070 12 7,330
 
1988 146 1,862 0 1,972 1,45 36 2,070 13 7,244
 
1989 133 1,897 0 1,977 1,145 38 2,070 14 7,274
 
1990 119 1,934 0 1,984 1,145 40 2,070 15 7,307
 
1991 107 1,973 0 1,991 1,145 42 2,070 16 7,344
 
1992 107 2,015 0 1,997 1,145 44 2,070 17 7,395
 
1993 108 2,060 0 2,002 1,145 46 2,070 18 7,449
 
1994 109 2,108 0 2,009 1,145 48 2,070 19 7,508
 
1995 110 2,159 0 2,016 1,145 50 2,070 20 7,570
 

Nutrients 
Year N PLO K20 Total 

(mt) ... ... (rot) 

1986 1,546 738 1,493 3,777
 
1987 1,522 731 1,456 3,709
 
1988 1,516 729 1,435 3,680
 
1989 1,523 734 1,439 3,696
 
1990 1,531 739 1,443 3,713
 
1991 1,539 743 1,447 3,729
 
1992 1,550 748 1,452 3,750
 
1993 1,562 754 1,457 3,773
 
1994 1,575 760 1,462 3,797
 
1995 1,588 766 1,468 3,822
 



Table C-7. 	 Scenario Ill--Northern Provinces Projected Fertilizer Consumption
 
With Present Marketing System and High Fertilizer/Crop Price Ratios
 

Products
 
Year AS 20-10-10 12-6-20 Urea TSP 15-15-15 15-20-15 22-10-15 Total 

- ---------------- (mt) .......-.....-.---- ------- (mt) 
1986 
1987 

2,698 
1,799 

354 
374 

71 
27 

5,711 
6,206 

357 
382 

4,789 
5,220 

6,799 
7,275 

8,178 
8,750 

28,957 
30,033 

1988 1,619 390 0 6,592 409 5,696 7,784 9,363 31,853 
1989 
1990 

1,439 
1,259 

401 
412 

0 
0 

7,002 
7,437 

438 
469 

6,222 
6,804 

8,329 
8,912 

10,018 
10,719 

33,849 
36,012 

1991 
1992 

1,079 
1,079 

424 
437 

0 
0 

7,899 
8,358 

502 
537 

7,448 
8,162 

9,536 
10,204 

11,469 
12,272 

38,357 
41,049 

1993 
1994 
1995 

1,079 
1,079 
1,079 

451 
465 
480 

0 
0 
0 

8,848 
9,370 
9,928 

575 
615 
658 

8,955 
9,837 
10,820 

10,918 
11,682 
12,500 

13,131 
14,050 
15,034 

43,957 
47,098 
50,499 

Nutrients
 
Year NP-
 K20 Total
 

S(mt)------	 - (mt) 

1986 6,810 3,100 3,015 12,925
 
1987 7,110 3,328 3,230 13,668
 
1988 7,532 3,575 3,465 14,572
 
1989 7,990 3,842 3,725 15,557
 
1990 8,483 4,132 4,006 16,621
 
1991 9,016 4,445 4,310 17,771
 
1992 9,613 4,783 4,639 19,035
 
1993 10,257 5,150 4,996 20,403
 
1994 10,949 5,546 5,382 21,877
 
1995 11,695 5,977 5,801 23,473
 



Table C-8. Scenario Ill--Littoral Provincea Projected Fertilizer "Consumption
 
With Present Marketing System and High Fertilizer/Crop Price 
Ratios 

Products 
Year AS 20-10-10 12-6-20 Urea Rock DAP KCI 10-10-20 Total 

----------------- (mt)- - ------------ (MOt) 

1986 5,086 15,458 3,112 4,941 3,428 325 4,158 987 37,495 
1987 3,455 15,983 1,167 5,250 3,594 341 4,355 1,036 35,181 
1988 3,135 16,426 0 5,437 3,767 358 4,560 1,088 34,771 
1989 2,816 16,732 0 5,632 3,950 376 4,776 1,142 35,424 
1990 2,497 17,057 0 5,840 4,142 394 5,003 1,199 36,132 
1991 2,178 17,406 0 6,059 4,343 413 5,241 1,259 36,899 
1992 2,187 17,779 0 6,256 4,554 433 5,491 1,322 38,022 
1993 2,198 18,175 0 6,464 4,775 454 5,753 1,388 39,207 
1994 2,207 18,600 0 6,684 5,007 476 6,027 1,457 40,458 
1995 2,218 19,052 0 6,919 5,251 499 6,314 1,530 41,783 

Nutrients 
Year N P K20 Total 

S-- -- (lit) --- ---- (mt) 

1986 6,963 3,009 4,860 14,832 
1987 6,642 3,007 4,652 14,301 
1988 6,618 3,046 4,596 14,260 
1989 6,710 3,145 4,767 14,622 
1990 6,813 3,249 4,947 15,009 
1991 6,926 3,359 5,137 15,422 
1992 7,103 3,475 5,337 15,915 
1993 7,291 3,598 5,547 16,436 
1994 7,489 3,727 5,768 16,984 
1995 7,702 3,863 6,000 17,565 

a. It is estimated that each year 6,000-12,000 mt 
of product purchased in the Littoral Province is 
used in the West Province. 



----------- 

Table C-9. 
 Scenario IIl--South West Province Projected Fertilizer Consumption

With Present Marketin$_ System and High Fertilizer/Crop Price Ratios
 

Products 
Yea r AS 20-10-10 12-6-20 Urea Rock KCI SSP Total
 

- -------- (mt)-------
 -- --- _---- (mt)
1986 1,406 3,004 474 
 622 30 3,076 11 8,623
1987 1,297 3,117 
 177 659 32 3,230 12 8,524
1988 1,315 3,218 
 0 685 34 3,392 13 8,657
1989 1,336 3,300 0 712 36 
 3,562 14 8,960
1990 1,360 3,388 
 0 741 38 3,740 15 9,282
1991 1,385 3,481 0 771 40 3,927 16 9,620
1992 1,444 ",580 
 0 799 42 4,124 17 10,006
1993 1,508 3,685 0 
 830 44 4,329 18 10,414
1994 1,574 3,795 
 0 862 46 4,545 19 10,841
1995 1,643 3,912 0 
 896 48 4,773 20 11,292 

. Nutrients
 
Year N _
 2 5 K2 0 Total 

(3t) .(mt) 

1986 1,239 340 2,241 3,820
1987 1,220 334 2,285 3,839 
1988 1,235 335 2,357 3,927 
1989 1,268 344 2,467 4,079 
1990 1,304 353 2,583 4,240
1991 1,342 363 2,704 4,409
 
1992 1,387 374 2,832 4,593

1993 1,435 385 
 2,966 4,786
 
1994 1,486 397 
 3,107 4,990

1995 1,540 410 
 3,255 5,205
 



Table C-10. Scenario Ill--North West Province Projected Fertilizer Consumption
 
With Present Marketing System and High Fertilizer/Crop Price Ratios
 

Products
 
Year AS 20-10-10 12-6-20 Urea Total
 

------------- (mt) ------------ (mt)
 

1986 1,658 4,561 918 1,316 8,453
 
1987 1,105 4,728 344 1,408 7,585
 
1988 994 4,872 0 1,456 7,322
 
1989 884 4,977 0 1,509 7,370
 
1990 774 5,089 0 1,565 7,428
 
1991 663 5,208 0 1,624 7,495
 
1992 663 5,337 0 1,675 7,675
 
1993 663 5,477 0 1,731 7,871
 
1994 663 5,626 0 1,790 8,079
 
1995 663 5,785 0 1,853 8,301
 

Nutrients
 
Year K 
 Total
 

S(mt)------ (mt) 

1986 1,976 511 640 3,127
 
1987 I867 493 542 2,902
 
1988 1,853 487 487 2,827
 
1989 1,875 498 498 2,871
 
1990 1,900 509 509 2,918
 
1991 1,928 521 521 2,970
 
1992 1,977 534 534 3,045
 
1993 2,031 548 548 3,127
 
1994 2,088 563 563 3,214
 
1995 2,149 579 579 3,307
 



Table C-li. Scenario Ill--Bananas Projected Fertilizer Consumption With
 
Present Marketin 

Ratios
 

Year Urea 

. 

1986 1,279 
1987 1,343 
1988 1,410 
1989 1,481 
1990 1,556 
1991 1,634 
1992 1,716 
1993 1,802 
1994 1,892 
1995 1,987 

Year N 

. 

1986 588 
1987 618 
1988 649 
1989 681 
1990 716 
1991 752 
1992 789 
1993 829 
1994 870 
1995 914 

System and High Fertilizer/Crop Price
 

Products
 
KC1 Total
 

(mt) (mt)
 

840 2,119
 
882 2,225
 
926 2,336
 
972 2,453
 

1,021 2,577
 
1,072 2,706
 
1,126 2,842
 
1,182 2,984
 
1,241 3,133
 
1,303 3,290
 

Nutrients
 
0 Total
 

(mt) (mt)
 

504 1,092
 
529 1,147
 
556 1,205
 
583 1,264
 
613 1,329
 
643 1,395
 
676 1,465
 
709 1,538
 
745 1,615
 
782 1,696
 



----------- 

Table C-12. Scenario Ill--Subsidized (1985) Coffee Fertilizer Consumption
 
With Present Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products
 

Year AS 20-10-10 12-6-20 
 Urea Total
 
-- (mt)------------ (mt)
 

1986 9,909 31,972 6,438 7,869 56,188
 
1987 6,480 32,751 
 2,369 8,282 49,882

1988 5,718 33,336 0 8,452 
 47,506
 
1989 4,983 33,647 
 0 8,623 47,253
 
1990 4,271 33,965 0 
 8,795 47,031

1991 3,586 34,293 0 8,969 46,848
 
1992 3,510 34,631 
 0 9,088 47,229
 
1993 3,437 34,978 0 
 9,212 47,627
 
1994 3,360 35,334 0 9,337 48,031
 
1995 3,284 35,697 
 0 9,466 48,447
 

Nutrients
 
Year N a 
 K20 Total
 

------------ (mt) 
 (mt) 
1986 12,868 3,583 
 4,485 20,936
 
1987 12,005 3,417 3,749 
 19,171
 
1988 11,756 
 3,334 3,334 18,424
 
1989 11,742 3,365 3,365 
 18,472

1990 11,736 3,397 
 3,397 18,530
 
1991 11,737 3,429 
 3,429 18,595
 
1992 11,844 3,463 3,463 
 18,770
 
1993 11,955 3,498 
 3,498 18,951
 
1994 12,067 3,533 3,533 
 19,133

1995 12,183 3,570 
 3,570 19,323
 



Table C-13. Scenario Ill--Cotton Projected Fertilizer Consumption With Present
 
Marketing System and High Fertilizer/Crop Price Ratios 

Products 

Year Urea TSP 15-15-15 15-20-15 22-10-15 Total 
------------ - (mt) -- ----------- (mt) 

1986 3,568 357 3,589 6,799 8,178 22,491 
1987 3 818 382 3,840 7,275 8,750 24,065 
1988 4,085 409 4,109 7,784 9,363 25,750 
1989 4,371 438 4,397 8,329 10,018 27,553 
1990 4,677 469 4,705 8,912 10,719 29,482 
1991 5,004 502 5,034 9,536 11,469 31,545 
1992 5,354 537 5,386 10,204 12,272 33,753 
1993 5,729 575 5,763 10,918 13,131 36,116 
1994 6,130 615 6,166 11,682 14,050 38,643 
1995 6,559 658 6,598 12,500 15,034 41,349 

Products 
Year N _P9 9-O K20 Total 

-------------- (nt) ---- - ------- - (mt) 
1986 4,999 2,880 2,785 10,664 
1987 5,349 3,082 2,980 11,411 
1988 5,723 3,298 3,188 12,209 
1989 6,124 3,529 3,412 13,065 
1990 6,552 3,776 3,650 13,978 
1991 7,011 4,040 3,906 14,957 
1992 7,501 4,323 4,179 16,003 
1993 8,026 4,626 4,472 17,124 
1994 8,588 4,949 4,785 18,322 
1995 9,189 5,296 5,120 19,605 



Table C-14. Scenario Ill--Food Crop Fertilizer Consumption With Present
 
Marketing System and High Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-10 12-6-20 Urea 15-15-15 Total 

-------------- (mt) ..---.- - - ----------- (Hit) 
1986 5,091 7,757 1,562 4,044 1,200 19,654 
1987 3,520 8,467 630 4,583 1,380 18,580 
1988 3,281 9,149 0 4,902 1,587 18,919 
1989 3,017 9,732 0 5,246 1,825 19,820 
1990 2,728 10,366 0 5,620 2,099 20,813 
1991 2,413 11,058 0 6,024 2,414 21,909 
1992 2,488 11,815 0 6,388 2,776 23,467 
1993 2,563 12,639 0 6,781 3,192 25,175 
1994 2,639 13,535 0 7,206 3,671 27,051 
1995 2,714 14,508 0 7,667 4,222 29,111 

Nutrients 

Year N Z K20 Total 
- -------------- (mt) ----------- (MOt) 

1986 4,848 1,049 1,268 7,165 
1987 4,823 1,092 1,180 7,095 
1988 5,012 1,153 1,153 7,318 
1989 5,267 1,247 1,247 7,761 
1990 5,546 1,351 1,351 8,248 
1991 5,851 1,468 1,468 8,787 
1992 6,240 1,598 1,598 9,436 
1993 6,664 1,743 1,743 10,150 
1994 7,127 1,904 1,904 10,935 
1995 7,632 2,084 2,084 11,800 



Table C-15. 
 Scenario III--Oil Palm Projected Fertilizer Consumption With
 
Present Marketing System and High Fertilizer/C rop Price Ratios
 

Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

AS Urea 

-------------

373 10 
390 10 
408 10 
427 10 
448 10 
469 10 
491 10 
514 10 
538 10 
564 10 

Productscal 
Rock DAP KCI 

(mt)------- ------------

2,408 26 5,271 
2,523 27 5,523 
2,643 28 5,787 
2,770 29 6,065 
2,903 30 6,356 
3,042 31 6,661 
3,188 32 6,982 
3,341 33 7,318 
3,501 34 7,670 
3,669 35 8,040 

Total 

(mt) 

8,088 
8,473 
8,876 
9,301 
9,747 
10,213 
10,703 
11,216 
11,753 
12,318 

Year 

1986 
1987 
1988 
1989 

1990 
1991 
1992 
1993 
1994 
1995 

N 

.-.-

88 
91 
95 
99 

104 
109 
113 
118 
124 
129 

.-- - ----

Nutrients 
229-

(rot) . 

734 
769 
806 
844 

885 
927 
971 

1,017 
1,066 
1,117 

. . . . . 

K2O 

. . . 

3,163 
3,314 
3,472 
3,639 

3,814 
3,997 
4,189 
4,391 
4,602 
4,824 

Total 

(mt) 

3,985 
4,174 
4,373 
4,582 

4,803 
5,033 
5,273 
5,526 
5,792 
6)070 



Table C-16. Scenario Ill--Rubber Projected Fertilizer Consumption With Present
 
Marketing System and High Fertilizer/Crop Price Ratios
 

Products
 
Year AS Rock DAP KCI 10-10-20 Total
 

------------- (mt) ------------ (mL)
 

1986 278 1,050 299 1,088 987 3,702
 
1987 292 1,103 314 1,143 1,036 3,888
 
1988 307 1,158 330 1,200 1,088 4,083
 
1989 323 1,216 347 1,260 1,142 4,288
 
1990 339 1,277 364 1,323 1,199 4,502
 
1991 356 1,341 382 1,390 1,259 4,728
 
1992 373 1,408 401 1,460 1,322 4,964
 
1993 392 1,478 421 1,533 1,388 5,212
 
!994 412 1,552 442 1,610 1,457 5,473
 
1995 433 1,630 464 1,690 1,530 5,747
 

Nutrients 
Year N p K 20 Total 

S(mt)------- (mt) 

1986 211 551 850 1,612
 
1987 221 579 893 1,693
 
1988 233 608 938 1,779
 
1989 244 639 984 1,867
 
1990 257 670 1,034 1,961
 
1991 269 704 1,086 2,059
 
1992 283 739 1,140 2,162
 
1993 297 776 1,197 2,270
 
1994 312 815 1,257 2,384
 
1995 327 855 1,320 2,502
 



- --

Table C-17. Scenario III--Su 
ar Proected Fertilizer Consumption With Present

Marketin jpyte 
nd Hi h Fertilizer/Crop Price Ratios
 

1986 


1987 

1988 

1989 

1990 

1991 

1992 

1993 


1994 


1995 


. . . . . .
 

1,785 


1,785 

1,785 

1,785 

1,785 

1,7b5 

1,785 

1,785 


1,785 


1,785 


Year N 

.
 
1986 1,027 

1987 1,027 

1988 1,027 

1989 1,027 

1990 1,027 

1991 1,027 

1992 1,027 

1993 1,027 

1994 1,027 

1995 1,027 


Products
 

DAP 

. .. . . -.. .
 - - (mt) . . ..-

1,145 


1,145 

1,145 

1,145 

1,145 

1,145 

1,145 

1,145 


1,145 


1,145 


Nutrients
P _ K,0O 

(rt)----- 
527 1,242 

527 1,242 

527 1,242 

527 1,242 

527 1,242 

527 1,242 

527 1,242 

527 1,242 

527 1,242 

527 1,242 


KClUrea 


2,070 


2,070 

2,070 

2,070 

2,070 

2,070 

2,070 

2,070 


2,070 


2,070 


Toa
Total 

(MOt)
 

2,796
 
2,796
 
2,796
 
2,796
 
2,796
 
2,796
 
2,796
 
2,796
 
2,796
 
2,796
 

Total
 
(mt)
 

5,000
 
5,000
 
5,000
 
5,000
 
5,000
 
5,000
 
5,000
 
5,000
 

5,000
 

5,000
 



Table C-18. 
Scenario 11l--Tea Projected Fertilizer Consumption With Present
 
Marketing System and High Fertilizer/Crop Price Ratios
 

Products
 

Year AS 20-10-10 
 KC1 SSP Total
 
-------------- (rO) ------------- -- (mt) 

1986 459 652 
 35 11 1,157
 
1987 482 
 685 37 12 1,216
 
1988 506 
 719 
 39 13 1,277
 
1989 531 755 
 41 14 1,341
 
1990 558 
 793 43 15 1,409
 
1991 586 
 833 45 16 1,480
 
1992 615 
 875 47 17 1,554
 
1993 646 919 
 49 18 1,632

1994 678 
 965 51 19 1,713
 
1995 712 1,013 
 54 20 1,799
 

Nutrients
 
Year N PO K20 
 Total
 

-(rot)----------(rot)
 

1986 227 
 67 86 380
 
1987 238 71 
 91 400
 
1988 250 95
75 420
 
1989 263 78 100 441
 
1990 276 
 82 105 463
 
1991 290 87 110 
 487
 
1992 304 116
91 511
 
1993 319 
 96 121 536
 
1994 335 100 127 562
 
1995 352 134
105 591
 



Table C-19. Scenario Ill--Tobacco Projected Fertilizer Consumption With Present
 
MarketingSystem and High Fertilizer/Crop Price Ratios
 

Products
 

Year AS TSP K2 SO 4 Total
 
- -(nt) 
 (mt)
 

1986 16 32 11 
 59
 
1987 17 34 12 
 63
 
1988 18 36 13 67
 
1989 19 38 14 71
 
1990 20 40 15 75
 
1991 21 42 16 79
 
1992 22 44 17 83
 
1993 23 46 18 87
 
1994 24 48 19 91
 
1995 25 50 20 95
 

Nutrients
 
Year N PO KO Total
 

. (mt) (mt)
 

1986 3 15 6 24
 
1987 4 16 6 26
 
1988 4 17 7 28
 
1989 4 17 7 28
 
1990 4 8
18 30
 
1991 4 19 8 31
 
1992 5 9
20 34
 
1993 5 21 9 35
 
1994 5 22 10 37
 
1995 5 23 10 38
 



APPENDIX D
 

Cameroon Fertilizer Use Projection
 

Scenario IV
 



- ------------- 

- ----------------

Table D-1. Scenario IV--Cameroon Projected Total Fertilizer Consumption With
 
Recommended Marketing System and High Fertilizer/Crop Price Ratios
 

Products
 
Year AS 20-10-10 10-30-10 Urea Rock DAP TSP KCI
 

.. .. ..--------------- (mt) - -- ------------

1986 16,126 40,381 8 000 a 18,555 3,458 1,470 389 9,304 
1987 
1988 

11,181 
10,238 

41,903 
40,346 

3,000a 

2,689 
19,821 
25,247 

3,626 
3,801 

1,486 
1,503 

416 
445 

9,655 
10,022 

1989 9,300 38,031 5,390 29,184 3,986 1,521 476 10,408 
1990 8,364 37,099 8,106 32,987 4,180 1,539 509 10,813 
1991 7,431 37,783 10,832 36,605 4,383 1,558 544 11,238 
1992 7,499 40,342 13,567 40,157 4,596 1,578 581 11,685 
1993 7,575 42,505 16,997 43,140 4,819 1,599 621 12,152 
1994 7,651 42,100 21,802 47,721 5,053 1,621 663 12,642 
1995 7,732 42,115 27,311 52,550 5,299 1,644 708 13,157 

a. 12-6-20. 

Products
 
Year 10-10-20 15-15-15 SSP KS04 15-20-15 22-10-15 Total
 

(mt)- - ----------- (mt) 

1986 987 4,789 11 11 6,799 8,178 118,458
 
1987 1,036 5,220 12 12 7,275 8,750 113,392
 
1988 1,088 5,696 13 13 7,784 9,363 118,248
 
1989 1,142 6,222 14 14 8,329 10,018 124,035
 
1990 1,199 6,804 15 15 8,912 10,719 131,261
 
1991 1,259 7,448 16 16 9,536 11,4o9 140,118
 
1992 1,322 8,162 17 17 10,204 12,272 151,999
 
1993 1,388 8,955 18 18 10,918 13,131 163,836
 
1994 1,457 9,837 19 19 11,682 14,050 176,317
 
1995 1,530 10,820 20 20 12,500 15,034 190,440
 

Nutrients
 
Year N P20 KO Total
 

(ot)---- ---

1986 24,859 9,407 14,388 48,654
 
1987 24,376 9,552 13,983 47,911
 
1988 26,563 10,337 13,967 50,867
 
1989 28,297 11,252 14,508 54,057
 
1990 30,273 12,336 15,221 57,830
 
1991 32,516 13,610 16,132 62,258
 
1992 35,343 15,104 17,271 67,718
 
1993 37,932 16,799 18,479 73,210
 
1994 40,915 18,684 19,612 79,211
 
1995 44,205 20,860 20,906 85,971
 



----------- 

Table D-2. Scenario IV--Subsidized Sector (1985) Projected Fertilizer
 
Consumption With Recommended Marketing System and High
 
Fertilizer/Crop Price Ratios
 

Products 
Year AS 20-10-10 10-30-10 Urea Total 

- - (mt)---------------------- (mt) 
a1986 15,000 39,729 8 000 11,913 74,642
 
a
1987 10,000 41,218 3,000 12,865 67,082
 

1988 9,000 39,627 2,689 17,957 69,272
 
1989 8,000 37,276 5,390 21;537 72,203
 
1990 7,000 36,306 8,106 24,959 76,370
 
1991 6,000 36,950 10,832 28,172 81,953
 
1992 6,000 39,467 13,567 31,292 90,324
 
1993 6,000 41,586 16,997 33,814 98,397
 
1994 6,000 41,135 21,802 37,904 106,840
 
1995 6,000 41,102 27,311 42,209 116,620
 

a. 12-6-20.
 

Nutrients 
Year N x Total 

- (mt) (mt) 

1986 17,536 4,453 5,573 27,562
 
1987 16,621 4,302 4,722 25,645
 
1988 18,344 4,769 4,232 27,345
 
1989 19,581 5,345 4,267 29,193
 
1990 21,023 6,062 4,441 31,526
 
1991 22,692 6,945 4,778 34,415
 
1992 24,904 8,017 5,303 38,224
 
1993 26,831. 9,258 5,858 41,947
 
1994 29,103 10,654 6,294 46,051
 
1995 31,627 12,304 6,841 50,772
 



- ----------------- 

- ------------- 

Table D-3. Scenario IV--Unsubsidized Sector 
(1985) Projected Fertilizer
 
Consumption With Recommended Marketing System and High
 
Fertilizer/Crop Price Ratios
 

Products
 
Year AS 20-10-10 Urea 
 Rock DAP 
 TSP KCI
 

(mt) ........ -- ......
 
1986 1,126 652 6,642 3,458 1,470 389 
 9,304
1987 1,181 685 6,956 3,626 
 1,486 416 9,655
1988 1,239 719 7,290 3,801 1,503 
 445 10,022

1989 1,300 755 7,647 3,986 1,521 
 476 10,408

1990 1,365 793 8,028 
 4,180 1,539 509 
 10,813

1991 1,432 833 8,433 4,383 1,558 544 
 11,238
1992 1,501 875 8,865 4,596 1,578 
 581 11,685

1993 1,575 919 9,326 4,819 1,599 
 621 12,152

1994 1,652 965 9,817 5,053 1,621 663 
 12,642

1995 1,734 1,01 10,341 5,299 1,644 708 
 13,157
 

Products
Year 10-10-20 15-15-15 SSP K 
 15-20-15 22-10-15 
 Total
 

(mt)-------------- (mt)

1986 987 4,789 11 
 11 6,799 8,178 43,816
1987 1,036 5,220 12 12 
 7,275 8,750 46,310

1988 1,088 5,696 13 13 
 7,784 9,363 48,976

1989 1,142 6,222 
 14 14 8,329 10,018 51,832

1990 1,199 6,804 
 15 15 8,912 10,719 54,891

1991 1,259 7,448 16 
 16 9,536 11,469 58,165
1992 1,322 8,162 
 17 17 10,204 12,272 61,675

1993 1,388 8,955 
 18 18 10,918 13,131 65,439

1994 1,457 9,837 
 19 19 11,682 14,050 69,477

1995 1,530 10,820 20 20 12,500 15,034 73,820
 

Nutrients
 
Year N p205. -
 Total 

. . -.-.- - - -.--( t) . . . . . . . (mt) 
1986 7,323 4,955 8,815 21,093

1987 7,755 5,250 9,261 
 22,266

1988 8,219 5,567 
 9,736 23,522

1989 8,716 5,908 10,241 24,865
 
1990 9,251 6,273 
 10,780 26,304

1991 9,824 
 6,666 11,354 27,844

1992 10,439 7,087 11,967 29,493

1993 11,101 7,541 
 12,620 31)262

1994 11,812 
 8,029 13,318 33,159

1995 12,578 
 8,556 14,065 35,199
 



Table D-4. Scenario IV--Central and South Provinces Projected Fertilizer 
Consumption With Recommended larketing Systew and High 
Fertilizer/Crop Price Ratios 

Products 
Year AS 20-10-10 10-30-10 Urea Total 

-------------------- (mt)- ----------- (rot) 
1986 173 838 169 137 1,317 
1987 115 866 64 146 1,191 
1988 103 830 55 204 1,192 
1989 9? 779 112 244 1,227 
1990 80 759 169 282 1,290 
1991 69 774 226 318 1,387 
1992 69 829 281 352 1,531 
1993 69 874 352 380 1,675 
1994 69 866 452 424 1,811 
1995 69 866 566 473 1,974 

Nutrients 

Year N 0 K Total 
S(mt) (mt) 

1986 287 94 118 499 
1987 272 90 99 461 
1988 287 100 89 476 
1989 299 112 89 500 
1990 315 127 93 535 
1991 338 145 100 533 
1992 370 167 111 648 
1993 399 193 123 715 
1994 428 222 132 782 
1995 462 256 143 361 



------------------- 

---------

Table D-5. Scenario IV--West Provincea 
Fertilizer Consumption With Recommended
Marketing Sstem and High Fertilizer/Crop Price Ratios
 

Products
Year AS 
 20-10-10 
 10-30-10--
 Urea Total
 
-
 ----------- (rot) (mt)

1986 4,876 14,414 2,903 
 3,873 26,066
1987 
 3,215 15,023 1,088 4,186 
 23,548

2,926 14,561
1988 996 5,843 24,326
1989 2,600 13,716 1,996 
 7,012 25,324


1990 2,275 13,361 3,004 
 8,132 26,772

1991 1,950 13,577 4,018 
 9,186 28,731
1992 1,950 14,451 
 5,036 10,212 31,649


1,950 15,185
1993 6,313 11,047 34,495

1994 1,950 15,011 
 8,104 12,394 37,459

1995 1,950 14,986 10,158 13,815 
 40,909
 

Nutrients

Year 
 N P_0_ 
 K20 Total
 

------------ (mt)
1986 6,037 1,616 2,022 

(mt)
 

9,675

1987 5,743 1,568 1,720 
 9,031
1988 6,314 1,755 
 1,556 9,625

1989 6,714 1,970 
 1,571 10,255

1990 7,191 2,237 
 1,637 11,065
1991 7,752 2,563 1,760 
 12,075

1992 8,501 2,956 1,949 
 13,406
1993 9,159 3,412 2,150 
 14,72]

1994 9,923 3,932 
 2,312 16,167

1995 10,777 4,546 
 2,514 1'7,837
 
a. 
It is estimated that each year 6,000-12,000 mt of product purchased in the
 
Littoral Province is 
used in the West Province.
 



Table D-6. Scenario IV--East Province Projected Fertilizer Consumption With
 
Recommended Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products
 
Year AS 20-10-10 10-30-10 Urea DAP TSP KCI KSOA Total
 

- -------------- (mt)--......-.....-.-- --------- (ot) 
a
1986 229 1,752 353 1,955 1,145 32 2,070 11 7,547
 
a
1987 159 1,812 132 1,966 1,145 34 2,070 12 7,330
 

1988 146 1,733 116 2,037 1,145 36 2,070 13 7,296
 
1989 133 1,629 234 2,086 1,145 38 2,070 14 7,349
 
1q90 119 1,587 352 2,133 1,145 40 2,070 15 7,461
 
1991 107 1,616 470 2,177 1,145 42 2,070 16 7,643
 
1992 107 1,732 589 2,220 1,145 44 2,070 17 7,924
 
1993 108 1,828 737 2,254 1,145 46 2,070 18 8,206
 
1994 109 1,809 944 2,311 1,145 48 2,070 19 8,455
 
1995 110 1,810 1,182 2,369 1,145 50 2,070 20 8,756
 

a. 12-6-20.
 

Products
 
Year N P0. K2.0 Total
 

S(rot)-------- (mt) 

1986 1,546 738 1,493 3,777
 
1987 1,522 731 1,456 3,709
 
1988 1,532 751 1,433 3,716
 
1989 1,543 777 1,435 3,755
 
1990 1,565 809 1,443 3,817
 
1991 1,600 849 1,459 3,908
 
1992 1,655 897 1,483 4,035
 
1993 1,705 952 1,508 4,165
 
1994 1,748 1,013 1,527 4,288
 
1995 1,799 1,085 1,551 4,435
 



Table D-7. Scenario IV--Northern Provinces Projected Fertilizer Consumption
 
With Reconended Marketing System and High Fertilizer/Crop
 
Price Ratios
 

Products 
Year AS 20-10-10 10-30-10 Urea TSP 

----------- --------(Rnt - ...--.-.-.-.------
1986 2,698 354 71- 5,711 357 
1987 
1988 

1,799 
1,619 

374 
388 

27 
27 

6,206 
7,410 

382 
409 

1989 1,439 371 53 8,394 438 
1990 1,259 363 80 9,363 469 
1991 1,079 369 107 10,311 502 
1992 1,079 389 134 11,261 537 
1993 1,079 407 167 12,117 575 
1994 1,079 404 214 13,303 615 
1995 1,079 404 267 14,555 658 

a. 12-6-20.
 

Products
 
Year 15-15-15 15-20-15 22-10-15 
 Total 

-- --------- (mt)--..---.----.--- (mt) 
1986 4,789 6,799 8,178 28,957
 
1987 5,220 
 7,275 8,750 30,033
 
1988 5,696 
 7,784 9,363 32,696
 
1989 6,222 8,329 10,018 35,264
 
1990 6,804 8,912 10,719 37,969
 
1991 7,448 9,536 11,469 40,821
 
1992 8,162 10,204 12,272 44,038
 
1993 8,955 10,518 13,131 47,349
 
1994 9,837 11,682 14,050 51,184
 
1995 10,820 12,500 15,034 55,317
 

Nutrients
 

Year N P205 K20 Total 

----------- (MO--t)- (mt)-.--------


1986 6,810 3,100 3,015 12,925
 
1987 7,110 3,328 3,230 13,668
 
1988 7,911 3,583 3,468 14,962
 
1989 8,630 3,855 3,728 16,213
 
1990 9,368 4,151 4,010 17,529
 
1991 10,125 4,471 4,316 18,912
 
1992 10,953 4,818 4,648 20,419
 
1993 11,768 5,195 5,008 21,971
 
1994 12,767 5,604 5,397 23,768
 
1995 13,835 6,050 5,820 25,705
 



Table D-8. Scenario TV--Littoral Province a Projected Fertilizer Consumption
 
With Recomended Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products 
Year AS 20-10-10 10-30-10 Urea Rock DAP KCl 10-10-20 Total 

---------------- (mt) .......-.....-.---- ------- (mt) 
1986 

1987 
1988 

5,086 

3,455 
3,135 

15,458 

15,983 
15,288 

3,112b 
.b 

1,167 
1,032 

4,941 

5,250 
6,956 

3,428 

3,594 
3,767 

325 

341 
358 

4,158 

4,355 
4,560 

987 

1,036 
1,088 

37,495 

35,181 
36,184 

1989 
1990 

2,816 
2,497 

14,370 
13,997 

2,067 
3,105 

8,145 
9,285 

3,950 
4,142 

376 
394 

4,776 
5,003 

1,142 
1,199 

37,642 
39,622 

1991 
1992 

2,178 
2,187 

14,264 
15,275 

4,146 
5,190 

10,361 
11,411 

4,343 
4,554 

413 
433 

5,241 
5,491 

1,259 
1,322 

42,205 
45,863 

1993 2,198 16,129 6,498 12,274 4,775 454 5,753 1,388 49,469 
1994 2,207 15,964 8,330 13,635 5,007 476 6,027 1,457 53,103 
1995 2,218 15,964 10,428 15,067 5,251 499 6,314 1,530 57,271 

Nutrients
 

Year N LO Total 
S(mt)--------- (mt) 

1986 6,963 3,009 4,860 14,832 
1987 6,642 3,007 4,652 14,301 
1988 7,192 3,242 4,586 15,020 
1989 7,601 3,529 4,738 15,868 
1990 8,096 3,875 4,952 16,923 
1991 8,691 4,289 5,237 18,217 
1992 9,492 4,782 5,606 19,880 
1993 10,204 5,342 5,992 21,538 
1994 10,993 5,962 6,337 23,292 
1995 11,875 6,683 6,734 25,292 

a. 
It is estimated that each year 6,000-12,000 mt of product
 
purchased in the Littoral Province is used in the West Province.
 
b. 12-6-20.
 



Table D-9. 
 Scenario TV--South West Province Projected Fertilizer Consumption

With Recommended Marketing System and High iertilizer/Crop Price
 
Ratios 

Year AS _.. 20-10-10 10--30-10 
Products 
Urea Rock KCI SSP Total 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

1,406 
1,297 
1,315 
1,336 
1,360 
1,385 
1,444 
1,508 
1,574 
1,643 

3,004 
3,117 
3,045 
2,941 
2,924 
3,003 
3,199 
3,373 
3,394 
3,442 

4 7 4a 
177 
157 
315 
473 
631 
790 
989 

1,267 
1,587 

622 
659 
830 
951 

1,069 
1,181 
1,291 
1,383 
1,524 
1,672 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 

3,076 
3,230 
3,392 
3,562 
3,740 
3,927 
4,124 
4,329 
4,545 
4,773 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

8,623 
8,524 
8,786 
9,155 
9,619 

10,183 
10,907 
11,644 
12,369 
13,185 

a. 12-6-20. 

Year 

1986 
1987 
1988 
1989 
1990 
1q91 
1992 
1993 
1994 
1995 

N 

- --------

1,239 
1,220 
1,283 
1,338 
1,409 
1,498 
1,616 
1,726 
1,837 
1,961 

Nutrients 
P°_K 

-- (nt)-

340 
334 
364 
402 
449 
505 
573 
651 
737 
839 

--- -(mt) 

2,241 
2,285 
2,355 
2,463 
2,584 
2,720 
2,873 
3,034 
3,193 
3,367 

Total 

3,820 
3,839 
4,002 
4,203 
4,442 
4,723 
5,062 
5,411 
5,767 
6,167 



Table D-10. Scenario IV--North West Province Projected Fertilizer Consumption
 
With Recommended Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products 
Year AS 20-10-10 10-30-10 Urea Total 

----------------- (mnt)-- ----------- - (mt) 
1986 1,658 4,561 918 a 1,316 8,453 
1987 1,105 4,728 344 a 1,408 7,585 
1988 
1989 

994 
884 

4,501 
4,225 

306 
613 

1,967 
2,352 

7,768 
8,074 

1990 774 4,108 923 2,723 8,528 
1991 663 4,180 1,234 3,071 9,148 
1992 663 4,467 1,547 3,410 10,087 
1993 663 4,709 1,941 3,685 10,998 
1994 663 4,652 2,491 4,130 11,936 
1995 663 4,643 3,123 4,599 13,028 

a. 12-6-20.
 

Nutrients
 
Year N 
 P205 K20 Total
 

S~(mt)----------------(mt)
 

1986 1,976 511 640 3,127
 
1987 1,867 493 542 2,902
 
1988 2,044 542 481 3,067
 
1989 2,174 606 484 3,264
 
1990 2,329 688 503 3,520
 
1991 2,511 788 541 3,840
 
1992 2,756 911 601 4,268
 
1993 2,970 1,053 665 4,688
 
1994 3,219 1,213 714 5,146
 
1995 3,496 1,401 777 5,674
 



Table D-11. Scenario IV--Bananas Projected Fertilizer Consumption With
 
Recommended Ma rk4i__System and High Fertilizer/Crop Price
 
Ratios 

Products Nutrients 
Yea r Urea -KCI Tota I N K2, Total 

- - - - (ot)- - - (mt) - - -(mt)- - - (nit) 

1986 1,279 840 2,119 588 504 1,092 
1987 1,343 882 2,225 618 529 1,147 
1988 1,410 926 2,336 649 556 1,205 
1989 1,481 972 2,453 681 583 1,264 
1990 1,556 1,021 2,577 716 613 1,329 
1991 1,634 1,072 2,706 752 643 1,395 
1992 1,716 1,126 2,842 789 676 1,465 
1993 1,802 1,182 2,984 829 709 1,538 
1994 1,892 1,241 3,133 870 745 1,615 
1995 1,987 1,303 3,290 914 782 1,696 



Table D-12. Scenario IV--Coffee Projected Fertilizer Consumption With
 
Recommended Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products 
Year AS 20-10-10 10-30-10 Urea Total 

- ------------ (mt)------------ (mt) 

1986 9,909 31,972 6,438 a 7,869 56,188 
1987 
1988 

6,480 
5,718 

32,751 
31,177 

2,369a 

1,007 
8,282 
11,293 

49,882 
49,195 

1989 4,983 29,787 1,977 13,216 49,963 
1990 4,271 29,497 2,910 14,956 51,634 
1991 3,586 30,426 3,803 16,491 54,306 
1992 3,510 32,708 4,657 17,895 58,770 
1993 3,437 34,814 5,704 18,899 62,854 
1994 3,360 35,396 7,147 20,661 66,564 
1995 3,284 36,435 8,742 22,432 70,893 

a. 12-6-20.
 

Nutrients
 

Year 	 N P2 5- K20 Total
 
S(mt) ------- (mt)
 

1986 12,868 3,583 4,485 20,936
 
1987 12,005 3,417 3,749 19,171
 
1988 12,732 3,420 3,218 19,370
 
1989 13,281 3,572 3,176 20,029
 
1990 13,967 3,823 3,241 21,030
 
1991 14,804 4,184 3,423 22,411
 
1992 15,976 4,668 3,737 24,381
 
1993 16,949 5,193 4,052 26,193
 
1994 18,004 5,684 4,254 27,942
 
1995 19,170 6,266 4,518 29,953
 



Table D-13. 
 Scenario iV--Cotton Projected Fertilizer Consumption With
 
Recommended Marketing System and High Fertilizer/Crop Price 
Ratios 

Products 
Year Urea TS P 15-15-15 15-20-15 22-10-15 Total 

-..--.------------ (nit)------------- (mt) 
1986 
1987 
1988 

3,568 
3,818 
4,085 

357 
382 
409 

3,589 
3,840 
4,109 

6,799 
7,275 
7,784 

8,178 
8,750 
9,363 

22,491 
24,065 
25,750 

1989 
1990 

4,371 
4,677 

438 
469 

4,397 
4,705 

8,329 
8,912 

10,018 
10,719 

27,553 
29,482 

1991 
1992 

5,004 
5,354 

502 
537 

5,034 
5,386 

9,536 
10,204 

11,469 
12,272 

31,545 
33,753 

1993 
1994 
1995 

5,729 
6,130 
6,559 

575 
615 
658 

5,763 
6,166 
6,598 

10,918 
11,682 
12,500 

13,131 
14,050 
15,034 

36,1.16 
38,643 
41,349 

Nutrients 
Year N P20_ 2 Total 

------------ (mot)-------------(rot) 

1986 4,999 2,880 2,785 10,664 
1987 5,349 3,082 2,980 11,411 
1988 5,723 3,298 3,188 12,209 
1989 6,124 3,529 3,412 13,065 
1990 6,552 3,776 3,650 13,978 
1991 7,011 4,040 3,906 14,957 
1992 7,501 4,323 4,179 16,003 
1993 8,026 4,626 4,472 17,124 
1994 8,588 4,949 4,785 18,322 
1995 9,189 5,296 5,120 19,605 



Table D-14. Scenario IV--Food Crops Projected Fertilizer Consumption With
 
Recommended Marketing System and High Fertilizer/Crop Price
 
Ratios
 

Products
 
Year AS 20-10-10 10-30-10 Urea 15-15-15 Total
 

-- ----- - --------(mt)- - ------------ (MOt) 
a
1986 5,091 7,757 1,562 4,044 1,200 18,454
 

1987 3,520 8,467 6 3 0a 4,583 1,380 17,200
 
1988 3,281 8,450 1,682 6,664 1,587 21,664
 
1989 3,017 7,489 3,413 8,321 1,825 24,065
 
1990 2,728 6,809 5,196 10,003 2,099 26,835
 
1991 2,413 6,524 7,029 11,681 2,414 30,061
 
1992 2,488 6,759 8,910 13,397 2,776 34,330
 
1993 2,563 6,772 11,293 14,915 3,192 38,735
 
1994 2,639 5,739 14,655 17,243 3,671 43,947
 
1995 2,714 4,667 18,569 19,777 4,222 49,949
 

a. 12-6-20.
 

Nutrients
 
Year N 20K20 Total
 

- ------------ (nit)------- - (MOt) 

1986 4,848 1,049 1,268 7,165
 
1987 4,923 1,109 1,198 7,230
 
1988 5,851 1,588 1,251 8,690
 
1989 6,574 2,047 1,364 9,985
 
1990 7,371 2,555 1,515 11,440
 
1991 8,250 3,123 1,717 13,090
 
1992 9,344 3,765 1,983 15,093
 
1993 10,362 4,544 2,285 17,191
 
1994 11,650 5,521 2,590 19,761
 
1995 13,091 6,671 2,957 22,719
 



_________ 

--- -- -- --------

Table D-15. 
Scenario IV--Palm Oil Projected Fertilizer Consumption With
 
Recommeded Marketi n 
SZystem and High Fertilizer/Crop Price
Ratios---
 -


____Products
 

Year .. .
.
 .
 Rock . . . . . . .(otal Total
 
AS Urea . . P rodut s . . . .DAP. KCI 


(mt)-- -- -------------
1986 (ilt)
373 10 
 2,408 26 
 5,271 8,088
1987 390 10 
 2,523 
 27 5,523 8,473
1988 408 10 
 2,643 28 
 5,787 8,876
1989 427 10 
 2,770 29 
 6,065 9,301
1990 448 10 
 2,903 
 30 6,356 9,747
1991 469 10 
 3,042 31 
 6,661 10,213
1992 491 10 
 3,188 32 
 6,982 10,703
1993 514 10 
 3,341 33 
 7,318 11,216
1994 538 10 
 3,501 34 
 7,670 11,753
1995 564 
 10 3,669 
 35 8,040 12,318
 

Nutrients
 
Year 
 N 
 K 0 Total
 

- --------- (mt)---------- (mt)
 
1986 88 
 734 3,163 3,985

1987 91 
 769 3,314 4,174
 

95
1988 806 3,472 4,373

1989 99 
 844 3,639 4,582

1990 104 
 885 3,814 4,803

1991 109 
 927 3,99? 5,033

1992 113 
 971 4,189 5,273

1993 118 
 1,017 4,391 
 5,526

1994 
 124 1,066 4,602 5,792

1995 129 
 1,117 4,824 
 6,070
 



Table D-16. Scenario IV--Rubber Projected Fertilizer Consumption With
 
Recommended Marketing System and Hi.h Fertilizer/Crop Price
 
Ratios
 

_Products
 

Year AS Rock DAP KCI 10-10-20 Total 
- - (mt)- - ----------- (nit) 

1986 278 1,050 299 1,088 987 3,702 
1987 292 1,103 314 1,143 1,036 3,888 
1988 307 1,158 330 1,200 1,088 4,083 
1989 323 1,216 347 1,260 1,142 4,288 
1990 339 1,277 . 364 1,323 1,199 4,502 
1991 356 1,341 332 1,390 1,259 4,728 
1992 373 1,408 401 1,460 1,322 4,964 
1993 392 1,478 421 1,533 1,388 5,212 
1994 412 1,552 '-,442 1,610 1,457 5,473 
1995 433 1,630 "'14 1,690 1,530 5,747 

Nutrients
 
Year N P20 K20 Total
 

S(mt) -.-.------ (mt)
 

1986 211 551 1,612
 
1987 221 579 893 1,693
 
1988 233 608 938 1,779
 
1989 244 639 984 1,867
 
1990 257 670 1,034 1,961
 
1991 269 704 1,086 2,059
 
1992 283 739 1,140 2,162
 
1993 297 776 1,197 2,270
 
1994 312 815 1,257 2,384
 
1995 327 855 1,320 2,502
 



Table D-17. 
 Scenario IV--Sugar Projected Fertilizer Consumption With 
Recommended Marketing System and IHih Fertilizer/Crop Price
 
Ratios 

Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Products 
Urea DAP KCI 

- ------------- (mt) ----------
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 
1,785 1,145 2,070 

Total 

(mt) 

5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 

Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

N 

---------

1,027 
1,027 
1,027 
1,027 
1,027 
1,027 
1,027 
1,027 
1,027 
1,027 

Nutrients 

(mt) 

527 
527 
527 
527 
527 
527 
527 
527 
527 
527 

_0K20 

1,242 
1,242 
1,242 
1,242 
1,242 
1,242 
1,242 
1,242 
1,242 
1,242 

Total 

(mt) 

2,796 
2,796 
2,796 
2,796 
2,796 
2,796 
2,796 
2,796 
2,796 
2,796 



-------------- 

Table D-18. Scenario IV--Tea Projected Fertilizer Consumption With
 
Recommended Marketing System and High Fertilizer/Cro2
 
Price Ratios
 

Products 
Year AS 20-10-10 KCI SSP Total 

(nt) ------------ (mr)
 

1986 459 652 35 
 11 1,157
 
1987 482 685 37 12 1,216
 
1988 506 
 719 39 13 1,277
 
1989 531 755 
 41 14 1,341
 
1990 558 43 15
793 1,409
 
1991 586 833 45 16 1,480
 
1992 615 875 
 47 17 1,554
 
1993 646 919 49 18 
 1,632
 
1994 678 965 51 19 1,713
 
1995 712 1,013 54 20 1,799
 

Nutrients
 
Year N 
 P905 R Total 

- -------- (mt)------ (at) 

1986 227 67 86 380
 
1987 238 71 91 400
 
1988 250 75 
 95 420
 
1989 263 78 100 441
 
1990 276 82 105 463
 
1991 290 87 110 487
 
1992 304 91 116 511
 
1993 319 121
96 536
 
1994 335 100 127 562
 
1995 352 105 134 591
 



'Fable D-19. 
 Scenario IV--Tobacco Projected Fertilizer Consumption With
 
Recommended MarketingSystem and High Fertilizer/Crop Price 
Ratios 

Products Nutrients 
Year AS TSP KSO_ Total N PK05 Total 

o-- - -t) (rot) - - - -(MOt) ---- (mt) 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

59 
63 
67 
71 
75 
79 
83 
87 
91 
95 

3 
4 
4 
4 
4 
4 
5 
5 
5 
5 

15 
16 
17 
17 
18 
19 
20 
21 
22 
23 

6 
6 
7 
7 
8 
8 
9 
9 

10 
10 

24 
26 
28 
28 
30 
31 
34 
35 
37 
38 



APPENDIX E
 

Crop Production Leaflets
 



FCO' I I NTENS I F 

- TRAITE'ENT DES SEMENCES 

Si elles ne sont pas trai,6es depuis 'usine, m6langer 7 
8 kg de semences avec ie Gamoran mesur6 dans une boite 

de tomate pour I quart. 

- VARIETE UTILISEE : IRCO 5023 

TRAVAIL DLI SOL 

Labour a Ja charrue (boeufs, Snes, tracteur) 

* Passage crois6 au Tiller ou dents de Canadien 

t-ouage 

-EPAND)AGED'ENGIZAIS 

A la vol6e entre le labour et le hersage 
En locali!, au semis en recouvrant Ics poquets 

SEMIS : 

* en ligne a la corde avec rep&res 
55 7 graines par poqueT 
S0 cm entre les lignes 

* 25 cm entre les poquets 
. En lhgne avec 1a houe bifide et epandage d'engrais 

- Epque ce semni : 20 .\Mai - 30 Juin avant 20 juin imp6
rat:iverent poUr 1a cUlture motorisee. 

Dose normale pour I hectare Dose renforc6e pour un hectare 

6 sacs dengrais 
- cornpiet A &pan-

A.IPK. dre au s6 mis ou 
K( aS]a volee entre 

H. PK. [ et'PKKJ'8 labour hersage. 

N. LP. . .! K 
NPK PK'It. tN.1?K.
 

4 sacs dengrais complet & 6 pai-r, au se- h':,, [7] ,J
... r 
mis ou entre le labour e te hrrsage 

I sac d'Urde a epandre [ a M 

30 aours apres Ia leve 
 30 jours aprbs la lov6e SOC coiufq 

au moment du buttage. Juste avant le buttage 



REMPLIR CHAQUE JOUR LES CAHIERS DE CULTURE 

-HERBICIDE 

Champ propre, bien labour6 et hers6 

Utiliser I'appareil HANDY avec buse jaune 

. Produits utilis6s 
COTOFOR : I flacon de 0,75 1 ou 

un flacon et demi de 0,5 1 
pour un quart. 

COTODON: I flacon de 0,75 litre 
pour un quart. 

Traiter le jour du semis. 

ENTRETIEN 

,jfl ~D 6marjage 2 plants par poquet le solI ' /,7 tant humide (10 jours apr~s la lev6e) 

- /i/ Ti Sarclage mdcanique ds 'apparition desmauvaises herbes en ramenant la terre{ ,aux pieds des cotonniers. 

. Buttage corps butteur ou la houe 
. ...
...
 30 4 jours aprbs ia40 levee 

- TRAITEMENT INSECTICIDE 

A . , . .Des l'apparition des boutons floraux apres14; epandage d'Ur6e et buttage.".Periodicit6 des traitements tous les4i.jf 10 JoursP'. et l'alternance des produits 

-- i , -
.'4 combin6s selon le calendrier?_._- ' Chef 6tabli avec< - le de z6ne. 

* "' Nettoyer les appareils apr~s chaque trai
,k"-tx-'- . ,: • temnent. 

TRES IMPORTANT Tenir constamment les cahiers de traitement * jour. 



KIZ INTENSIF 

TTR.%I YEME N T 1)F SMENNCE S 
-~Pour I quart 30j kg de sornencc's 

/'\ I sachot do T;'iorztl 
F.4MJ~ MGE~* in-, rn~1anger. 

~~7VAPI -. & / 	 i 

A111 	 - 1133 t ;RATr dans les 

- NT112 on multiplication ot 
lIZAT M1 dans la R6gion -N.E.B. 

- PRl~AATIC M.' SOL 

-~''~" 	 L abour ci la chzarrue 
(nctsfu tractour) 

horrzte nhh atoiro 

,.tr 	 pres cpinae 'ngrams ct semis1 

) 

- E.1S !--T 1IERIICIDE 

Sems I vole entro laibouLr et 
her-;~ e, rl;ir 3 fois Ia boutoilie 

de, c.iicr pour sorrier I bande de 
4metres dl< large. 

' Cerren11 Ii Iver !c Seinoir 
c::1~~8~arc Zi cm enTre Ics iignes 

ratmont her t,:cido obligatciro Ic 
lir dukscis. 

A-' '~Apac~ 	 Handy avec buse 

g.AVIiPOSAN: 	 I flacon do 0,75 1. pour 
-I quart ai m6larnger i%-c( 

/ I'cau suivant les instrL]C-
N I iIOnS. 

Et)e-ruc~ do secmis :dL) 15/06 au 20107 
. N. 	 Pour IC"semfTis ~ a voI~e, to szrr

c"lage cliznt jinpossible it ost indis
pensable de bien r6 LJSSir le traite
iierit herbicideC. 

Pose norrnaic pour tin hec tare Dose renforc~c pour tin hectar 

I~) re 2 ac W nvPa!s I N16JingrL 2lsc Hnaii 

rni(-Jv ab" 3 4-1ac di n1rc 30arjors' her 

~ ~ JUr ( 	 rjour" ~~ ~ ~ 1.ac ap e levee.(.I3,jo 

N-.', L APAIZITIC1N DIES III:N dMS 

TR ES IMPORTANT TENI" CQNSTAMMU[NT A JOURI LFS CAIIERS DE CULTURES VIVIZIERES 



FORMATION AGRICOLE 

SORGII DE PLUIE A CYCLE COURT 

INItRODLCTION DE NOIJVELLES VARIETES 

VARIETES L..'TILI'EES 

Province de lEx-rcme-Nord 3S.3
R6gion .\avo-Louti : E 35-1 et 38.3 

TR.,\ITE.M.IENT DES S. ENCES 

Pour semer. I quart 5 kg de serences. 
Ien mnan.e e r a;ec !'2sachet de THIOR.AL 

CHOIX ET PREPAR-ATION DU SOL 

"Semer sur precedent cultural coton 
, Bien nerto er !e sol, les vieux cotcfnniersayant

ete Coupes et brc-L1Ss au moment de [a r~colte .- Le labour est obhgatoire
-"7 Ane, boeufs, trrcteur 

(-~ SE XISIS 

Date de Semis 
.<..- .. du 25 Juin au 20 Juiller pour la 3,.3 

7-
du 15 Juin au 15 Juillet pour la E 35-1 

apr&s une bonne pluie.--: il . Semer S /] ,0 graines/poquet une prozondeur 

del I 1 cm.aun 
Sr cm entre ,es ligne, 40 cm entre :es poquets 

~ 41'7J! -HERBICIDE SORCHOPRIM a 2,5 litres/ha
" appareil HAND%" use jaune. 

)ff ~ IENTRErIEN 

A 1 V UD em ariage & 2 planits/poquet, 
3 sernames apres le semis le sol 6 Tant 
humide. 

A Epandage d';r'e obligatoire 

EpandAe dl re : I quart de sc pcr I quart 
•Njuste avalt le buttage 30 jours ap s la levee. 

U ree vendue at, cotri)tarnt. 
' c I litre d'Iircee potir 4 lignes. 

TRES IMPORTANT TENIR CONSTAMMENT A JOUR LES CAIIIERS fI)E CULTURES VIVRIERES 
1. I1 

http:THIOR.AL


SORGHO DE PLUIE AMELIORE 

VARIETES UTILISEES : 

Province de I'Extr~me-Nord 38.3 
R6gion Mayo-Louti et Mayo-Danay : E 35-I 

TRAITEMENT DES SEMENCES 

/ - POUr serner I quart 6 kg de semences.Bien m&
]anger avec Y2 sachet de Thioral. 

CHOIX ET PREPARATION DU SOL 

t 
, 

Semer sur pr6c6dent cultural coton 
Bien nettover le sol, les vieux cotonniersayant 
6,6 coup6s et bril6s au moment de la r6colte 
labourer ou faire 
.quip 6 e de dents 

2 passages crois6s 
de "Canadien". 

]Ia charruc 

SEMIS 

Date de Semis 

,.du 25 uin au 20 Juillet pour la 38.3 

du 15 uin au 15 Juillet pour la E 35-1 

Semer 8a 1 graines/poquetd une profondeur 

- 80 cm entre les ligne, 40 crn entre les poquets 

~ ...,.. " H ERBIC IDE : SO R G HO FRIM A 2,5 litres/ha 

L 
Nu~s cnonne 
Ddmariage a 

isoemetd6pnr 
2 plants/poquet, 

_ 3 semaines apres le semis Je sol 6rant 

'4 - Ur~eNousconseillons fortemnen1 d'epandre 

. Epandage d'Ur~e : I quart de sac pour I quart 

jutse avant le buttage 30 jours apres ]a levee. 
Ur6c vendue au comptant. 

_____.____- _,. EN CSeTACME I itre d'Ur e poir DElignes. 

TRES IMPORTANT :TENIR CONSTAMME T A JOUR LES CAHIERS DE CULTURES VIVRIERES
 



SODECOTON 
No 8/AG185FORMATION AGRICOLE 

KCULTIRE INTENSIVE DU MYS ] 

- TRAITEMENT DES SEMENCES 

. Pour un quart,7 a 8 kg de semences. 
Remplir 10 fis une bouteille vide de Diamaor. 

Bien m6 langer avec , sachet de Thioral. 

- VARIETES UTILISEES 
- TZPB dans toute ]a R6gion SEB ainsi que

Jes Secteurs Poll et Ngong. 
--
) MEXICAN 17 E dans Jes 

Mayo-Louti ainsi 
RP6 gions NEB et 

que ie Secteur Hamakoussou 

- PREPARATION DU SOL 

Ev'iter les terrains legers et mal draines 

Labour et hersage 

. En ligne . ]a corde S repres 

80 cm entre deux lignes 
____, 25 cm entre, deux poquets 

-. 2 33 graines par poquet. 

- HERBICIDE Appareil HANDY avec buse Jaune 

Pour un quart, utilise, Un flacon de I litre de
PRIMEXTRA ou LASSO m6lang& 5 1,5 litre'd'eau 



ENGRAIS 

formule 

ncrmale 

- -

NY1IS($. +* ~ 

C 

M6langer 2 sacs d'engrais 1 sac d'Ur6e 
epandre cc m6lange dans I hectare au moment 
du semis ou "1Ia vole entre labour et hersage. 

-A-L: 

30 jours apr~s ]a 
lev6e, 6pandre I sac 

d'Ur6e pour I ha au 
moment du buttage. 

/ 

ENGRAIS 

Formule 
renforc6e 

: 0T , 

-

I S 
I 

aul sernis 
normale. 

m~mc dose que pour la formulc 2 sacs d'Ur~e pour 
I ha 30 jours apr~s 
]a lev6e au moment 
du buttage. 

ENTRETIEN DU CHAMP 

j . .ensemble 

.D6mariage I plant (16sIa levee apres tine pluie. 

Sarclage ds l'apparition des mauvaises herbes 

sarcleur ou a la houe. 

BuLtage 30 jours apr~s la lev6e au moment de l'6

pandage d'Ur6e. 

TRES IMPORTANT: TENIR CONSTAMMENT A JOUR LES CAHIERS DE CULTURES VIVRIERES 

,\\ 



...,, C.i"(.LL. ,."jI' ./, i 
FORMATiON AGRICOLE-

CULTLURE ASSOCIEE MAIS - SORGI-O 

,,.........
 
_______m6langer : 1/4 sachet de Thioral

4kdesemence mai 
mt~iangcr 1/4 sachet de Thioral 

en - ' -anger-/ 3 kg de sernence sorgho 

-PREPARATION DU SOL 

LIDs Its prernirespluies 
Double passage crois6 au Tiller at
teje aiu trarcteur. 

-SEMIS"~~~~ ~ ' . ,-" ETonHERB3ICIDEl-,_..nelr;- .- serns~~ 
. 80 cm entre deux lignes 

- 25 cm entre deux poquets 
. 2 . 3 graines par poquet de mais 

/ 5 i 6 graines par poquet de surgho 

S.Alternez - , ligne sorgho 
1 Iigne rilais 

/ "--"---'r"----4 • Traitement herbicide le jour du semis 
Sou !e iour ian 

Ns •Sorgho avec jauneHANDY buse 
. I lacor, do Sorghoprimi 0,62) litre/quart 

quaritite d'eau prescrite. 

-ENTRETIIEN E IMR 
1117 I' _ _ _ _ _ _T _ _ _ _ 

~ ~ VWDemariagc I plant le inais 
i~y~ 3 plants le sorgho 

Epandage d'Lirie Ioca-lis6 au pied 

~~~ do chacitie p)O1C~t(t _4U nmomnent du 

buit tage. 

j Pour I hectare 100 kg l'ur~e 

Tr .-.O N T".... "I 


TRES IMPORT"ANT :TIENIR A JOUR LES CAMtERS DE CULTURE," 
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NIEBE
 

- \'ARIETf:S 

TVX 32 36 
IFE BROWN 

TRAI1E.,ENT DES SEMENCES: 

20 kg de semences bien trait6s suffisent 
pour I ha 
Bien m ianger rivec I sachet de THIORAL. 

-PREPARATION DU SOL 

SChoisir un sol 	bien drain6 

Labour "ila charrue puis hersage. 

-SEMIIS:
 

Sc-us en I icrne A 80 cm enire les lignes 
20 cm entre les poquets 

2 1- 3 graines par poquet 

Date de ,I-rnis 	 :entre le 5 e le 15 iuillet. 

'NTRjijN: 

Drmarrkmg LI plant 20 :ours apre~s les semis 
a~pres une pluie 

-! 	 5arcIagC • aussit6t que ies herbes apparaissent
Pas d engrais ni d'uree. 

. Buttage : entre lo 20c et 40e jour apr~s le 

seis 
TRAITEMENTS 	INSECT ICIDES: 

Q .21,-. Effectue: 3 traiternents avec tin produit
co"posco3 la rn(nic dose par hectare que 
pour le coton. 
35 Jours apr :s le sernis pour le I er traitement 
4 5 Jours aprs le semis pour Ie 2e traiternent 
55 Jours apr.s le semis pour le 3e traitement 

Produits_litilises : 

Pol\trine C 165, Decis 
FHts rouges 2 J/ha TriLzophos 6-125 

- C\mbush-Dirnethoate 15-2 

FOts verts I I/ha- Cymbush Dimethoate 30-14 

1 Decis-Triazophos 9.250 

TRES IMPORTANT TISNIR CONSTAMMENT A JOUR LES CAHIERS DE CULTURES VIVRIERI 
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;FORI-.iTF.lJRS REGIO&N. 
CFA [ILITAL E, 

NOKF DfCSRV N~ 027/ Du/M1/PK 
CONCERNANI LE 10 NI DKE \ ORFAITS DE CULIUR. 'INlENSIVE 

CAMPA 8A * 

Culture 
 di frzli .-T,I{,rblt 1..:.,
 
_ p r h~a F;.r qua rt 

Cotarl 

"0 58~S 2 0.. 1 2. 0T b,000 

*Ful'jre .reSujd ~ J075~0~.. %3 


Ar:,ch idc. ~~ r~ E3 NV S 

L:c~i 1n bem,-or 2 IJC0 500D 

Ms B+11]0 Ur t8e 21 ')Do 5 25t012.03 r5 + 1 0 Ur~ 25 1100 b 250 
~0 eres3 60900 

Riz lu~al Irj j , -:5 + i i
 
N, 
 1452 50 

120 .ne 12 000 000n 

Sor'yho 
 505 Ue 
. Oi O 

±c +~ trogy de, 5 610 1 400 

Le caOet du traite'e- ertlici. esL fI),. 11~3 0 ~ ': hect.r t * pu
toutes les cultures. pu
 

quanitit6 double p ;r le pl; rtc-.r a a r~colte.. 

Les 20 kg .do s ',rces O n V(3-j6 ' y
sUs'agit de, 1-3v:(, 

Les L@1r±,s C1-dCSbS, ;:jl tr- CzOMPte des !ub *;li±rjs SUrC;C\,fe c~racerrfLW,Lq'ue les cessions aiu t~ fc splartte.~~~f*jz szl~SOC3C 
1.3nt selan ses rc:.~d~it 3 

b a D.D.R. pour 6tud.? ellrne --i--nL b-. ricacei de sjbe-,ion.t 

G Lt 7 !-Iil 19)85 

Oit:c-uMi CiIr 



N.O/ DELEC.'TIcN PRC'dIUCIALE DE L'iALFUEULTURE DE LHEX

TrL?<E-.-NljkD SERVICE PROViIN' DE L ARCLTUikE. 

F I C H E S TrE C liN I Q U E 5 (1) 

LES PRINCIPAWJX IIJITILS DUJ R ,RAICHEF 

iI., 'U-- I"I )E -- .- ~'IQ' LUI MEfVE 

-LE PLi*JTO1R SEF(f A REPIQUEji LES JEUNES 1)L T3 

-LA, BATTE S.-FT A TASSEi, LE SCL JY~iES LE SEilIS 

-LA CORDE OU CORDEAU SErJT A TRACER DES LIG NES 

* d DROITES POUR SEMEFR ET REFPIQUER. 

i)LE -iEYC ';-EUR PER(,-ET DE TfhAi'CEF% PLUSIEU,' LIGi,.ES 

.7A L,) FOIS SL;. UNE PLANCHE 

-LE LUSli',TL-rU SE,%-T i CA3--SER LES MIOTTES, A FAIRE 

PLAl',CHES OIEN PLATES Al, A flECOUVRFF DE TE,'FR--
I ,;'.~ /1LES GRAUJES SEilEES. 

1.2. LES -UTILS QUE LFNT-C.H4ETEFI 
* -L : Ai REUf N~k LA TEF!ECESERT 

- / ,, - ~~~~AFiCUACHE 6ECHE SCTAETU'FILTiE 

/ ~A~JLE S L L ST 711OILEUX CU- CONTIENT BEAU-

7/CZ1UP D17LAILLOUX. 

-LE LAZE- : S-:,T L ". ' TE~i E EN PFRCFONDIJ;IA 

/ET RETi 1 Ek LES WACI" IES. 
-LE/ 5,',iELOIF : COUPEF% LES FU 1JAISES HEFIBES ET 

s3::;7 ENJT-IE LES LICGJES LIE CULTL'FE. 
- L'*Fd;3OS ET %i LES LEGUHES S)VISA AUd 1U5Ek 

1/ *.,- iohUJTT TANSPORT DU FLMIElt, M-1 0ST, ':I.. 

CR. ' S, HEk.-HE ETC ... 
-T~s/ / J3~PL,'fTNTl SEi0T A ENLE\IER LES JEU~lESLLJ 

/ 'VC LA' iIO0TTE DE T~f..1C QUI ENTOUitE LES i*EFCI!ES. 

http:LIGi,.ES


LDELEGATION PROVINCTALE DE L'ACt*ICULTURcE DE L'EXTrFE;.[C 

NOR~D SERVJICE PkOV\INCIPAL Or LACRICULTUiF 

F1I CHES TE CHNI QUE S 

I 

I iOTION1S GEI-JEFALES 

~-CX UTERIN -LE TERRAIN DCIT ETRE CHOISI : A PROXIMITE D'' POINT.-

D'EAJ ( PUI[ A4FAISLE PRDFCNDEUFI POUk FACILITER L'ARF

ROS;,GE OU L'IiARICATION). 

-Pn~xiiiuE D'UN MAYO 

-SUR UNJBON SQL : QUI N'EST INI TFhOP SABLEUX, T.RT-P 

ARC ILEUX. 
~:F; DOU TERFAAIN - 'NIETTOYEII LE TEAI-IAIN 

- DELIiITFR LAi PAI4CELLE SUIWJWT UN\E FOfI~E F2_U'LIE 1E 

(rectangle ou carr6 

- 7 cip DE PFMJi SUk TCGUTE L' -~FAEE, 

-ELEVJEF LES PIEFi-ES ET LES SLCUCHES. 
I£~E RE - LA'BCIU:(ER PF4GFGN!DE,'-;ENT A L'A^IiDE DE LA, PIO'CHE (2r, 

25 cm ENrSCL S,^,LEUX, 35 A146 cm E") SJL ,FrTL:-'JX1 

- C.ASSEi~LES MOTTES ET AiNEUSLIA AU CC SDECHE 

- Ei..GUIF, DU FUi,:IEf, 

- EMIETTEi' AFFI".Crt ET 11j LANJIk LA CLUCHE SUPE. r--L 

- A^JA"T DE SEi[14, .;CSI.'FECTC, LE S"L DE LA PErUJE-E 

A E:L ILE.U BGUI LL:'.**TE (environ I , 2 rsib? 

-SE If.EN LIGINE ( nc: pas enionc,:r lcs son, nces tans 

le sol) 

- RCQ'..IkLE LIT DE SEriEN~C' A\JEC UN PEU CE TfiES 

IEPL~i'BE!,EEFL A LA G*,TTE, !T *TCE LEGE. 
R(E;-E-'T A LA" PGM .EDA~U 

- CCJSTR(Uli~E UtJE CiIBIEiE POL',_ Ff-iATESE;. LES SCI*!IS ET LE7 

.JEUNES PLA~NTS DU SGLCIL. 
- ifi(GE(CSiq EGULIE1;(EPEN'T (.-i:tin et sujir arroccrl/ 

m2) 

- QUIArD LES JEUN'ES PL,.ThTS CCf 'ENCEfJT APGUS3E?_%, E;.LE-
VER~PEU A PEU L'OMK1DYAQE ET DE(ri(hIEFi, POUR .*CIM DES 

PLANTS VJIC.L':,EjX ET ASSUI(Eii UN OGN TA'UX CE 4iEPiISE 
AU FEC[JIQUA,'GE EXEMPLE : 10351 PLANTS/m2 PUUI LES ICc 

3010 PLANTS/m2 [POWr LES TUNATES. 



rz~IL'UAE. DOIT A\IOIii LIEU DE P (EFEFRENCE-E LE SCIRc, 
(LA FlA,'ICHEUAi [E LA NUIT AIDPINT A LA REPRlISE) 

i PEPIPJIEE AVANT DE PRELEVEFR LES JEUNES;-lF(OSER~ LA 


, L:CPU'- LE RE;2IQUAGE.
 

- C.HISI~ LES PLANTS VJIGCUREUX
 

N- ETREniA- LES ILANTS A LIAILE D'UrI 
 TRANS ,LANTUIIF EN PRENANT 
SCI, -' COWER LES MUTTES AUGRDES RAINE~~j.S, 

SURL~L,' NIISE EN PLACE, - FAIRE UN TR(OU AVEC LE PLAfJTOIR 

-~ ENFCNiCE* LE P2LANT f-Fi-.E 

k /67JUSQU'*;U NIVEAU DU 'ULLET 
-TASSEii LAl TER[1E TCUT "WTOUR DU 

F-LANT. 

L~k~UZCj SCL6 E LAWCCz~E:,JTfhE LI-3 LICs'FESLA rs 

PFEAST 'D l-ESU ANCHLA DSS -E: LNHSJ9Ui A1E-'1 

- ~'-,ES PLAPJNCIES :,E 1,2u mnL)C LAfhCE ET ' E LC.%GUEUI ':Y,! 
7 -KT LEI. ENTFE LES iPLANCHES LUNE ALLCE -,E 2Ccrn ""E LA*,,.-L,;iSSEA( 

GE V>F.AEIL:T LE .*tSS,^,G 

PI2UETS,ET CES ThIIS, . EFIL'JUEFE A L'Al,. U ZE L-1 P,1uEC'-E LU '-U 
!.JCi- E-:'C 2r-c-. F [)ALFL.~Ei, ET E71FUIt. DU FUNIIER CU EU:T,.S' 

E%,V1 1 ::"UUX ilJUETrEis/ m2-) 
T':TlC,' NECTS 01L"Utj F LlER LCF~QQ I '1:;, J IC 5 UGT 

CLTL-i'- SUIVJA;TES PIGi%:-,CRTTES, RAIS, AIL 

Pi",T-CTL2JrHYT-S'frJJTUU.I J.E: TLUTE ;ATTAOJQE DE ALDEU 
~i , W.~ 'AT~r~EJrLU ..,NITEIJ, AGriICOLU QUI F/AIT ' I~SETUAL~T~ 

fiP*ELALA3FIAEAYhslTI 

HL T.'TT I .,ELUIESEH(SvS:,CUESSIC.: , S CULTj,;Es SLuF L 

!~EU~ F_, A:C~A Pfi~AI £EA ,!bI T ' ,'S CL'LTI\JUR A LA, SUITE AlE-
LEUUK-E3 EULA' f-l- FAXlILLE, EAR1ILS SCUFFR'LNT L'ES P(E(~L,. 
DIES, .ES [I:EUES ELEI( ENT5 >,APJ LU SLL LE TA LUAU S:JI.,Afjj4 iRU.. 

GR(-.lltFE LES LEL E LA r:EUH'E FA'HILL.E RIJI WE !)GIVEJEJ DuGNE P;, 
SE SUE-rk SUI*- LU HIC TEiiAIN LU Lm tNEi-:E :'LANER'E. 

. . ./ . . 
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I T A 0 D U C T I 0 N 

Maize is 
a staple food for a majority of Cameroonians. It is
 
eaten in various forms (eogo, 
roasted green, patched dry t foofoot
 
alcoholic beverage, eta.) and is used as 
animal feed (poultry, pigs,
 

eto.). 

Cameroon produces about 500,000 metric tons of maize grain annually
 
over 80% of this coming from the North-West, Western, Littoral and Souli:
 
West Provinces.
 

Maize can be produced throughout the year. 
 In the forest zone of
 
Cameroon and in parts of the savannah zone9 
 two crops are possible,
 
with plantings in March and in Aujust.
 

A great deal of maize research has been done in Cameroon, parti
cularly in the 
area of maize breeding. 
By the year 1980, over 10
 
improved maize varieties had been developed by IRA BA14BUI. Comparativ. l.: 
less work has been done on maize agronomy (iee, cultural practices).
 

In 1981, the National Cereals Research and axtension (c1..:) Pro
ject began an intensive 
program nf breeding, agronomy and farming syLtemn 
(on-farms) research with maize, rice, sorghtun and millet. Working in
 
con cert with a Plant Physiologist and lPhytopathologist 
 at IRA BA.IBUI, 
the NCRE rasearch team has made significant advances 
toward identifying
 
packages of recommended maize vzrietie- and practioes for use by small 
scale peasant farmers.
 

The present technical bulletin is 
a revision of Technical Bulletin
 
NO I/80/IRA/BAM4BUI, originally pxopared by Mr. Edward Ngong-Nassah
 
(Ibitension Agronomist, 
 IRiA-ZAflBUI) with the technical assistance of
 
Mr. (Now Dr.) Jacob Assam AYUI-TAKLTI ('3enior Maize Breeder for MI.iRES, 
Coordinatur of 
the National Curcals Research and 
Extension Projeot,

Head of the IRA Cereals Propram and Chief of Statioi1 IRA Bambui). The 
revision borrows heavily from the original document, updating figures
 
where needed, and supplementing with new information where such infor
mation is available.
 

TiSTING AND LIAISON UNIT 
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LAND 	 Pit ILIAhI ON 

2.1 	 SOIL :. ELiCT10111 

Maize can bu jrown on a wide variety of soils, but does best 

on Soil:1 that Lru: 

(1) Uell Drainedrand aerated. 

- % well dratincd soil is able to get rid of oxceunr 

w;.-Aer atnd is affected by texture, structure and 

the existence of or other impermeable 

layoro. 

- Roots require oxygen, which is present in wull 

acrttud soils, but absent in water-logged soils, 

in order to absorb water and nutrients. 

- Iinally the maize crop is highly sensitive to 

oxces soil moisture conditions particularly 

durin; Lhu seedling stage. Plant stand is 

reduced considerably and plant growth is rutarded 

to such :n extent that the reduction in yield, 

with excess soil moisture conditions for a period 

o1c3) three to six days can amount to abuut 30 

to 	50 p'rcent. It is therefore very important 

that 	tie :.:oils in which maize is grown ru
.. well
 

drain ud.
 

(2) 	Deep V/ariii Lears or !;ilt Loams (medium texturu soils).
 

-	 Fin,-ei texture .oils (clays) have a higher nut

rient holding capacity, but are difficult to 

work and .rC often plagued by drainage and ero

sion problems. 

- Medium tuxturu soils (larns) are easior to work, 

eu a ]igh.r vailable-water holding capacity-


and dryin better than clays, They are typically 

more 	f'Urtile than coarser sandy soils.
 

- Coarsu texture soils (sandy soils) arc chLracter

rizod by low water holding nnd nutrient holuin 

capacity, good drainage and increased (root) 

lodging of maize plants. 

i 



(3) 	Abundant in Organic flatter (OM). 

Soil organic matter (usually 2 - 6% of mineral 

soils) improves soil condition as follows: 

- Improves soil physical properties (soil ag,-re

gate formation), 

- Providus plant nutrients (maize yields incruasu 

600 kg/ha for each additional 1% of al in top

soil)i 

- Increases thu nutrient and water holding c-;pauity 

of thu soil. 

(4) 	Well supplied with Nutrients. 

A threu (-3) ton crop of maize extracts the follow

ing nutriunts from the soil: 

N = 84 kg Ca = 15.5 kg 

P205 32 kg Mg a 13.4 kg 

K2 0 = 66 kg S 1 9.0 kg 

(5) 	Near Neutral in Soil Acidity (Ipei, P'1 6.0 - 7.0). 

- Beneficial soil microbes thrive in the neutral 

11 
p range.
 

- Phosphorous is most available to the maize 

plant butween PH 6.0 and 7.0 

- Ilicvortutrient atvailability is affected ,ruatly 

by soil pi1 . 

22SOIL 	 IPROPANh'T'I0IJ: 

Many varied land cloarinU and soil preparation methods 

are practised in Cameroon. Insufficient research has been
 

conducted to date for iron-clad rules to b, laid down on the 

matter, Althou-h slashing and burning approaches are known 

to be destructive of the or;anio matter and ultimately the 

structure and fertility of the soil; it is a sobering f.ot 

that manual clearinig can take up to 200 ,nan-days per hectare, 

valued at 200,000 francs CIA. 

Having clearred the land, the next impQrtant operation is 

tilling the soil. By tillage is meant any form of turning, 

loosening, cultivating and compacting the tjoil. The role of 

tillage 	in orop production ist
 

* 0e/. 
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- To break up clods into smaller aggregates and loosen 

tho soil to form a good, deep seedbed, 

- To turn under (bury) crop residues and weeds, which 

decompose arid Ldd Lo the soil organic mattor, 
- To iaprove ae7.ation and water, movement into the -oil 

(infiltra Lion). 

- To des troy (bury) weeds and insect pests.
 

While tilling, the toil io often formod into ridj;cs, 

big or small. If done on sloping land, it is important that 
tie ridges be made across (perpendicular to) the slope (con

tour ridging) to minimize soil erosion, Other' methods of 

erosion control iicludeu
 

- Strip cropping (alternating bands of erosion suscep

tible and erosion resisting crops),
 

- Terracing.
 

- Tied Ridges (cross bars between ridges).
 

3. PLA4TING MAXPVUIAL 

3.1 IMPOVIE'D MAIZEARI,''I .g
 

Several improved maize varieties have beun developed ind
 

extensively tested by I1A, In particular, a number of mid 
and low altitude varieties have been tested in farmers'
 

fields uxkder joint researchers' and farmers' cnrcigemcnt. /.
 

short list of improved varieties with a brief description of
 

each follows,
 

VARI NIPY Yi-lds On-Farms Dsrption 

-Mid to High Altitudes ( 800 masl )g 

COCA 4.1 tonnes/ha White, .linLy-i;-mit, 

Long-cycle (15U d, 
SAW 4.5 tonnes/ha White, Dent, Lon-. 

cycle. 
POLYIIYBRID 290 4.0 tonnes/ha White, Dent, lon,_

cycle. 
M L C 4.1 tonnes/ha White, Dent, Lon,

cycle.
 

B1ACOA 4.4 tonnes/ha Yellow, 'linty-D1it 
Short-cycle (1i'0 da: 

-Low Altitude ( 800 masl )
,(ONA WITIE 5.8 	tonnes White, Dunt, 1onvt',

cycle (120 day:,).
 

IE(ONA 	 YhELLOI 4.3 tonnes/ha Yellow, Dent, Lonj-
Oycle (1'20 day,). 

" 	 4 . . 



Improved maize seed is usually available to farni.rs 

through thu extension office (MID NO-NWP & UCCAO-WP). 

In resuarch plots, grain yields of 6 to 10 tons/ha have 

been obtained for th- above mentioned varieties developed 

by I i:, Most o, thum are good. for making foufou, 

3,2 :[,lNl'E :,L1,:C1TIGi0 . 

It'a fariacr choses to select and plant his/her own eedU 

the followin;-. :dvice should be kept in mind. 

- Sulect se,.d from miture, healthy (disease free) 

plan ts. 

- Seed should bu plump, not shrivelled, and of the 

desired colouv. 

- Stored sced should be free from broken .rai'I, 

weevils and rotten o'mans. 

- Protect the viability of the seed, Don't overheat 

when drying or store in air tight plastic containers, 

- Preserve sued in a cool, dry, well vntil-Ated place 

to avoid deterioration. 

- Keep tryearid oed maize separate from food maize, 

Seed from improved varieties, that are not hybrid,,. 

can be savld by the i'ariLr through 2 to 5 crops. After that, 

the farmer sjhould obtLinl fresh sucd of the improved vatriety 

from the extension office. The seed of hybrid varietics 

must bu renut/ed every year. The varieties listjd above 

(section 3.1) are all open-pollinated varieties (not hybrids)o 

4.1 DATE OF I'LMPING: 

In thu North-West and !est Provinces, the firet se,.son 

maize is typically planted in ,-LLrch or early Ap-il; or ,ssoon 

as the rains have stLarted. A second season mai:zu crop is Crown 

in semt. arras, nct;bly in ]Bali and Kom subdivisions in t, 

North-We-st Province. The late crou is normlally pl-n tud i _.CL, 

or -Au Dtate of' plan ting,, Lral, carried out AI thru L.i . 
rent ;AtitudeIs (700, 1500 and 1600 masl) indicate that :Ai .: 

elevtations, the late crop can be planted as early as .: . 

week of July; whereas, a.t higher elevations it is advi:,I ' 

to w~it unlil 0,ty to mid Au ,ast. Late season crops ofL,.... 

o f )/,
 

http:farni.rs


6 

don't do as wull ao first season maize, because of a higzh.r 

incidencu of corn stalk-borers and various diseases. 

4.2 	 QUiUI'IITY OF . ) 

Thu .iiiuunt of mtizu sueed requirud for planting' depends o 

wheth ur the- miLize i to bu jrown sole or in as:;ociaLiorj with 

oth'i. crops. 

1or a solu L._o with :a-,iiz,. pln:t population of 50,000 plaMLs 
per huctare, 20 to 25 kg of .. per hectare is needed. 

If in 	turcrolpecd 'i1, 1 at, ,,h . cjop (c .g. , groundnuts or 1a's), 
the quantity of secd nu .dud will be somewhat lower. 

45 	 SPACII O0' lLUVP'". 

For sole - crolpp'd miaiz, thc. rucomunded sp.cirr i. 
25 x 80 cm i.e., >5 cH betweeun plan ts within thu row and 30 

cm bcotwuen rows. One plant per hill is retained. In some 
cases (e.g., Whun planting on large, or unevenly spaced ride;, 

it is difficult Lo U sJ)eCt the row spacing. in that case, 
an ttempt ;;hould bu m;ade to atL least maintain a plant popu
lationt of' b(.twun ';0,000 :.nd 55, 000 plants per hectare. 

When, 	"inti'crCo_;_jj- with . low (g-rowing crop, such LZ 

beanis Or,,rOtridcinutL:, tile' within row spacinj can be incre;tsud 

from 5) cm to > 01:ibutt' enj,)n.nts. Ono or two maize pl'ants 
per hill c;.ii be r i.t:,iamed, depunding,, on thu height -.nd l.afi
1es of the mize v .riuybAng, planted. Tall, leafy vari

ties will tund to .,hade the bihLno or groundnuts, depressing 
their yi,,lds; nd tiuruloru should be planted at only one 

plant per hill. 

4 .4 	D E P,,,}T H{ O F i q ,'a'ING . 

Maize sh1ould 11ot b)e pl'antod too deep por too shallow, 
Seed planted too de-ply %till germinate, but the seedling may 

never ruach the sur'fa(ce to receive sunlight. 

if P'lantud too oi,;mllow, it may bu wash)red aw,ty by the 
rain, or de,, up n1( ,-ten by rodents and birds. 

rI.ize seud 'o ioULd be planttd at a dopth of btI,,L-r 5b .i 

cm.. 	 just; -.out d.:, Lii' length of a for1'ingur. 
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5. MIXE1)OH 1J'1'ThiC1OPIHG(O1,P MAIZEs 

It is 1'aru in Cameroon to find maize grown as a sole crop. 

t 0sonu of t,L dv-mcnd for inturcropping of maize includes 

- ef'f'cicncy of" l:.and use (supported in many cases by r,-:.uz-rcnh 

worki ) 
- ;tvoidfLnce o.' risk (i.e., reducing the potential loss to thu 

f,.'ari"ur should thC rZLizU orop fail), and 

- vifcutivu usu of f,:Lri 1abor, 

Thu me.;| common dis-tdv:nt;.Le ciLud is the relative low yicldu 

in comparisoni to sOlu - cr'oppUd ma1ize. 

InsuLif tCi unt ru :;,.,xceh ha:s beon donu, in the past wiLh reLL,,'rds to 

,naiz, baed crop tusooi.tions. INbA is presently engaged in a pro

crzanl of f :IIming systems research tht is meant to provide thu mis

sing inforimition, 

1owuvLr, it is safe to say that in associating waize with an

other crop(:;) on :;hould, 

- avoid clirabdiri.; plants e.g., climbing beans or yanMs, 
- :tvud ;rowint mizu under ho.tvy shado e.g., tree crops, 

CO]''uu, 'tc., 

- avoid troklinl ml: i in maturu coffee or cocoa farms, 

b)tcjLusC in usA Iiwatin ; the mize the roots of the coffee 

o' cocOa ca01 bV daIIU.KUd, ruducin;g their yieldo 

MAiz, c~rown i) :LSOociL*ion with dwarf (bush) beans, groundnuts, 

cowpeas or :soybea:; hs b-en proven to be a good croppina practicc. 

6. FIT'dqILI ;-h 11:, 014 I'AI-E,:s 

6o1 TPYP[, OPL 

ILLiZL -t .SpondU well to tbo use of fertilizer on all but 

the most fertile soils. Three nutrienits in particular are 

import;L1nt to miLizu i.e., liitrotcn, Phosphorous i-Md PoLtasiuFI. 

L]itr.Lcen(L11) 1:j needed f'or good vegetative (luaf arid 

stalk) growt, Ind is the monuL important of the three major 

nu trints. l''ak dema;nd for Nitrogen in mclize iE' between 3 
weeks before tasuniig ard :' weeks after tasseling, bec au;e 
Nit rot,n j-, ,.'wily lout r.o the ,:oil by leaching (i.C , 

washed out by tIe rainl). [,, is usually applied in two (split) 

applica tions. 
*, N do 
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Pho..phorous (P) plrays an important role in root develop

ment, LAlk strength ,ijid "r'ain formation. It is fixed in the 

soil, .tnd c.n thurooru bu applied all at planting tine, with 

n1o fLctl, of 1o,'- by lu:tchirIC ,. 

ltLLU-Zi'.~-() influ.nces thlU gene-ral vigor oi' plnts Lnd 

is import.it f'or root growth, stalk strength and disease re

sis t c_ . i.; with ]Ihosuliolrous, Potassium is not readily 

leach,,d ':con tie fzoil, and can therefore be applied all at 

plan tin,. timu. 

A number ot other so-called micro-nutrients are also 

requirud by miiaizc, but in much smaller quantities (e.g., 

Sulfur, MIi,-nusium, Calcium, Zinc, etc.). Those secondary 

nutrients are usually prosent in sufficient quantities in the 

soil, Lrid only "aruly have to bu supplumentod with fertilizers 

Ideally, there should be a fertilizer with the appro

pri-itu proportions of the three major nutrients (N, P and K) 

for usu on maize, :.nd which would be readily available to 

farmurs. However, in reality the only fertilizers available 

to fariursrc -. two fertilizers distributed throug'h coffMe 

coopura tivus for use on coffee. These are 20-10-10 compound 

fertilizer. and ammonitm sulphate. 

The 20-10-10 contains 2O ; No 10%'-P2 05 (a form of' P) and 

1O 6 (20. Amionium-sulphAte contains 20.5% N and Sulfur, onl. 

Both sell for about the same subsidized price (2000 CiA pur. 

50 kg bag. in 1984). 

Given the limit-d choice open to farmues in duci(ing 

which l'rtilizer to use, aind the known acidifying, ufi''e t of 

ammonium sulphate on soils, 20-10-10 is th. obvious c;.did. 

for u:;,2 on ,miz at least at Uhu,renent time. 

T11W MmETHOD6.2 RATE. 09B OF APP11LICATION: 

RATE: The amount (r.Ae) of fertilizer required by m.ize dc,. 

on Uhu furtility uf the soil. On some soils maize will i' ::. 

very we.ll to even ha .vy r,-t.s of fertilizer. On other ::oil: 

there is very litLlk rusponse. 

Oil aver(-- u, on1-iii M:LiZU trials throughout the iiorth-

West ..nd West Prov.LllcUs :Iave ;,;iown that iiitze (particularly 

improved vfrieties or mizu) responds well to a modcrate 

0..I
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rate of fertilizer on the majority oi soils encountered. I 

a farmur intunds to plant an imp2ovect variety of maize, he/ 

she should apply fertilizer to malce t\he most effective use 

of thu high yielding potential of sucli varieties. 

A modrate r:'.tu of furtilizer woi\ld be between 250 to 

500 k,,-(5 to 6 bLtius) of 1 0-10 .,complund. fori]liz yUr 

hucturu, This is oa_1Liv,lent to 5 to 1 grams (or W 
;,ir _cz_plant,,

bottli 	 lll) of :0-10-10 fertilize__ or_. p 

orop. *when planted 	 ,,'- a uol 0 I 

,'urtili-zur 	 rc8JlO~lse trials using 2,1D-0-10 on maize have 

eL. 600 IQ: per hectar," oan be profitablyshown that as Much 

applied to maizh, 1hLe kjown as a sole 0c 'op. }owlever, if 

capital is limited, it 4.s more economical, to apply a moder

ate rate over the whole maize farm than t ) apply a hiah rte 

on paLrt of the larm. If the rate is too Jow (o.g,, less than 

100 kg pur hectare) the response will oft\i be too small to 

be uconomicl, unless the fertilizer is applied in the same 

hole as the seed, 

TIMINfG: Thu 20-10-10 should be applied twice Go compensate 
for loss of Nirogen by leaching. Half of the fertilizer 

should bu appli.d a.t Plantiii" or ust afu ur'ination. 

Thu sond ho.11 ir t be. a .lLodat about six (6)weeks after 

planting, or who': the mize is about knee high. 

M E T H 0 1) 	 There are Lthree ways to apply fertilizer to 
mofaizu :

- Broadcast application, 

- banded application, and 

- Ring application. 

When using moderate leveli of fertilizer, it is usually 

wasteful to use t}he broadcast nethod, which involves spread

ing the fertilizer over theu entire surface of the soil and 

mixing it with Lhu -oil. liuch of' the Nitrogon, in particular, 

will be leache.d i'ro:t L ,,oil butween thu rows before the 

maizU roots U11Ve grown ,),o0L;h to reach and absorb it. 

The ring meth1od of q)plictLion is used after the maize 

plant has inerged f' . the soil. 

06./.
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The fertilizer 

plant about 

in assurin;,; 

is appli,-d 

5 - 8 cm from 

tlie efficient 

in a ring around 

the plant. It is 

use of the fertilizer, 

thobase of each 

very effective 

but is 

extruwemly todious (l:bor in tensive). 

T].e Daidcd Appication eMth1od has the advantage of us

ing thu fertilize'r in r e'ficient manner, while requiring 

less labor than th. ring applicittion method. A 

a 3 cin deetrnch Qan be oponed with a hoe or stick 

jt te or bulou tiit rowto bjlated with maize-,and 

the ft:rtiliz , s i.rad ,v-nly along -he bottom of the trench. 

The fi rtilizoa" should to-.n be covered with soil and care 

taken that thLc i i dojn't come in contact with the 

maiz soud A s , scn application should 

be banded in tho -L.mu Viy, but to one side of the maize row, 

taking care not to plaOc the fertilizer so close to the plants 

that thy arc burned by the fertilizer. 

In short, Lo by rea-o-oZ sure of cod results: use a 

iodor,,.tq rL L f 0-10-10 fUrtiZ 0rt0 r r 0.- 30 k1 .c -

ta aying hallI at olnting and half six weeks later, 

and u.e the bandd muthod of Tlication, 

7 W E D I Nh G 

7,1 ADVITAJE 0P' 1,' 01-JL 

On newly c]-iid d, especially bush or forest land, 

woods are not likAly to Uc a s'rious problem for 1 or 2 years. 

But th,reLiftur', wu.,Ls h-c3 iae a bigger and bigger problem. 

Some weeds, in p.rticular, are ixublesome for maize farmers, 

Qag 0. !!Uvbe" cylindri-c'a (spear grass). 

Weeds 

crop, each 

the farm. 

hcve a. iiuiubor" of bad 

0Z whiclh unJderCoruO 

effects on a growing ixaize 

the .dvantages of weeding 

-

-

-

Weeds compate with the maize for soil nutrients, 

water and licht. 

Weeds harbor insect pests that can attack the maize. 

Weeds serve .s alternate hosts for disease organisc 

that attack maize., 
S 00/. 



11
 

7.2 METHODS, OF 1ILLW C014TOL: 

Suvral methods of weed control exist, including chemical
 

control with herbicides (effective and time saving, but costly
 

while posin! a risk to the farmer by virtue of their high
 

toxicity), mkclcaizud cultivation using a tractor and manual
 

_ by hand or with a hoe (very effectiye, but extremely
 

tedi ouS and tiiie consuming).
 

HLfual weeding has the added advantage of being more 

effective in mixod cropping systems, where a herbicide or 

mechanical cultivator might damage the associated crop(s). 

Thl- critical puriod for weeding maize is durin/r thqe f .
 

40 day. after pjhntirg. One should keep thQ following poiflt.

in mind. 

- Plant the maize early, soon after the start of th(.
 

rainy season, to get a jump on the weeds.
 

- Weed at least twice during the seasons 

- the first weeding at about 3 - 4 weeks, 

- the second weeding at 6 - 8 weeks after plantinr. 

- Only shallow weeding' is recommended for maize so as 

Not to danmaue thu roots, 

DISEASE AND PEST ci,,O,,: 

8,1 THE COiNN 'dT'\Ll' :u: 

The corn -;taIk Bovuc is a common Pest in maize, especially 

with second or late seauon maize. The larva (a pinkish worm) 

burrow:s into the stem ard ear. If the attack occurs at an 

early maize growf+h stago, the plant will die yielding no ear. 

If late, thu Borer will cause damage to the ear, and Promote 

ear rots.
 

Control of Stalk Borers can be effected in a number of
 

ways.
 

- Plant resistan,t varieties of maize. 

- Affecl;ud planLs should be uprooted and burned or 

buried deep bunuath the soil. 

Use insecticido sprays or powders at the fi.st indi

-iLcation o. 4 .ion. 
* •eel. 
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8.2 M D I_, A I ' -;P, 

A wide variety of diseases occur in maize, and in sow-e 

cases ctn seriouoly affect yields and quality of the maize. 

The mo:st compion diseases of maize found in Cameroon include 

Maize L,<1' lt (both highland and lowland versions), ljaiz e 
1ust (also with higiiland and lowland varieties), Maize Streak 

Virus (MIV) and fMaize Smut. Other maize diseases exist, but 

are lce:; prevalunt, and therefore of less economic importance.
 

In most cases, the disease can be recognized by character

istic lesions (spots) on the leaves of the maize. For examiple, 

Maize Ifust i.- chracterized by small reddish spots, Highland 
Leaf Blight by lon& spindle-shaped, greyish lesions and streak 

Virus by parallel narrow white stripes, often running the 

length of the leaf. 

Maize diseases are most effectively controlled by: 

- Using resistant maize varieties (the best method), 

- Removing and burning or deep-burying affected plants, 

- Using a crop rotation. 

9 HA R V E 'STs 

9.1 DATE O. RALV IT. 
About 5- 8 weeks after flowering (i.o., appearance of 

silks), the maize is ready for harvest, as a dry train. Thl 

precise date of harvest will depend on a number of factors, 

including: 

- Date of planting,
 

- Altitude of the farm, and
 

- Variety of maize (short or long cyole),
 

Ideally, maize should be harvested when the grain moie.. 

ture conteot is below 20,'. However, this is often impracLi

cable in the UIes tern highlands of Cameroon, where fi-st sui.

son ma:ize is haLrvusted at the peak of the rainy easo Yyp.:.. 

cally, the maize harvusted in july to Septvmber w.ill have 
grain mnoisture content somewhere between 25 and 40;. Thu m;.iz. 

must then be dried to below 11'or uffecttve stora-e. 

,o0eo 
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9.,2. 	 .IARVEf;T METHODS, 

Maize can be harvested either as green ears or dry grain,
 

depending on the final use. It can also be picked with or
 

without ihe husk (sheath). The method adopted will influence
 

the choice of drying and storage method.
 

10. 	 STORAGE OF IiAIZE: 

10.1 STOIhA(;L ME-12111I).l31 

Maize for dry grain can be stored on the farm in any of
 

the 	following wayss
 

1) In the ceiling of the kitchen with the husk on,
 

2) In a corn crib;
 

eaves
3) 	 Dehuskud and hung from bamboo rails under the 

of the house; or, 

4) 	Shelled in jute bags, clay pots, wooden buckets or
 

large baskets.
 

The first three methods can be used with maize directly 

from the farm, because they provide for drying the mize. 

The maize, howevur, must be dried before storing the shel

led grains. 

there are certainAlthough commonly done in many areas, 

disadvantages to storirj, maize with the husk. 

It is difficult to eliminate aars that are dise:-.;ud.1) 
2) 	Unseen weuvils can be carried, hidden in the husk- , 

into the place of storage.
 

3) 	 The extra water contained in the husk makes dryin.: 

of maize slower and more expensive if wood is be, 

burned to dry it. 

An effective way of drying maize is with a "'AMJ_1__i" -

It is simple to build' and can serve as a stor-, ,Type Drier. 

house after drying.
 

10.2 CHJ'2-ACALS US)FRSORN 4IE 

Once thu maize is sufficiently dry (( 15%), it can be 

shelled and stored in jute bags or other conJtainers. If 

stored for an extended period, an insecticide should be u: ,-d 

to prevent weevil damage. ... 



----------------------------------------------------- ---------

14
 

The chumical used depends on whether -the maize is being
 

storud for Sced or for food,
 

SE1J NAIZE J;TOUAGIg 

CIIL1I (,CAL :UAIITITY 1Uft 100 KG GRAIN CO.T 

Linda Granox 200 gra-s 570 C.A/X( 

Zithio!. 500 grams 280 CJi./.. 

Zirvin 65 dust 14.2 g'rams in 4.5 liters 500 C2. '.2 
water for 1 ton grain in bags 

FOOD HAIZ E ..' 0Ri.,E3 

UIIU-II CAL , UTN'I1TY P.ER 100 KG GRAIN C0: T 

Actelic 2% ;0 g/liter of water sprayed on 600 C.,il/*\. 
thu cxLcrnal surface of the 
bag. 

" iActelic Liquid 250 a/liter and spray as above 


(powder)
 

Malathion 60 grams of 1.0/ dust " 

Lindane 60 trams of 1.01/6 dus4 " "
 

With chemicals, maize can be stored for upward. of [
 

months with greatly reduced loss from weevils. Without
 

chemicals, over half the- maize can be lost within 6 mironLh2,
 

IPQRTL TIl110! ,1;: fVI1i TOh E T!'EAT1U 1SlE ' JI,-l"i1. 3jID 

1OOD MAIZE III 

11* COSTS AU1) I:ITURN:; M,1 I Ai N(; 11AlI;. 

The costs, and ' L' nLa.to maizu production vary with thq na

ture 01 thu entcrpr'ij:,: (M-1m'uiL vo mcohanized), the size of' the 

farm, the factor input:s u:-d , frtilizer), the m.ket outletug., 

and the proximity o1' d.hu fa'%rmtoo thLt mirket.
 

Most m:tize production in Camuroon is by puArely manual means, 

on farms o' less thLrj huctar,:s. Thcrefore; the following ecost 

budget, which assuaumOm-muchinizud production using an improved 

m:izu vrity tnd ,150 kg;- of ?.0-10-10 Lurtilizer per hectare, is 

proposed ;L -L rougCI a)J)roximaLion of the costs (cash and oppor

tunity) of' Towing onc ,ht;.tareof maize. 

Instructions on how to build a S'amoan-type dry-house can be obt.:in
ed by contacting Ih1A_1 diiIJIg P.O. Box 80 BAMENDA, 11.\i.P 0VIiW'I,,, 
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OPEATION/FACTOR INIPUT, ,Ud"pY UNIT COST TOTAL COST 
(labor/factor) ( OFA CPA ) 

Land CluLring2 40 mandays 600 CFA/.ad 24.000 CUA 

Tilliing 80 " 48,000' 

RIdding' 20 of 129 000 " 

Maize Seed 25 kg 200 CFA/KG 5,000 " 

i'rtilizer (20-10-10) 250 kg 40 CIA/KG 10,000 

!,jrt. Applications (2) 0 mandays 600 CPA/md 4,800 , 

Wocuding (2)times) 30 " 18,000 

,It.:v . ting 20 "l " 12,000 " 

Uood for Drying3 25 cu. in. 800 CFA/m5 20,000 

Labor for drying, shel- 6 mandabys 600 CFA/md 3t600 " 
lihj Lnd bagging 

Chemicals for Storage
(AC lic 20U, 

7 kg 600 CPA/kg 4,200 " 

GRAND TOTAL m 161 , 600 1.-

Assuming a maize yield of 3,5 tonnes, the brcakovun price of iaiz 

would be 46 CPA/k , or 690 CIA per 15 litre bucket of m:Liz, IrnmcditL,' 

poot-harveot maize priccs in 6he North-Weot and West Provillcu:; for 1931 

varied betwven 37 and 50 (!"'A pui k 

If thu fitmTI.-r dcidud to .COIumizc by u,sir,1li!, owl) local Inatze 

variety with no f,rtilizur, Ili:- Lota.- ptioduction costs could be ruducud 

to L42 6 CFA. Howevur, - yiL!d ; tudy conducted by PlIid340 in 1983 

showed that avu';gu ii'1U o yi,.'d;" ::.ithe iforth-Wost Province, whc-re the 

vast majority of f'armc 'V: o .1 10.-'.1 Va'ie,ty without fcrtilizur, i.ere 

in the neighborhood of 1.0JLons 1u(-r 1i,,ctare. At that yield lvel the 

breakeven price of mize iO L- - -'h,.. 1 L pays to u:,,- the improved 

variety with fertilizer even if yields ire increased by ;x litl u r.s 

500 kg/lluata]ru, bring-inj,: the br'eakeven price down to 70 _ of maize. 

2As a tuide, one (1) tractor hour Li Lsrsujaed to be equivalent Lo tun 
-
(10) mandays (rod). One (1) mcand y is taken to be suven (7) hours. 

3Assume.s a yield of 3,500 kl,oi' . z& pcu' hectare. 
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THE SIMPLE BATCH l FOR MAIZE 

Studies in Cameroon show that the greatest problem to-maize
 

production is that of drying and storage. 
Infact in a recent 

-&eurevy with maize farmers, this problem was mvaled as the fi's-t

in a list of problems.
 

Why is the problem so felt? Because farmers adopt a wasteful
 

way of drying and storage. For example,
 

° early maize is harvested in the peak of the rain& with a high 

moisture content. 

maize is harvested with the sheath on which is wet and
 

envelopes a lot of water;
 

the maize harvested has between 30 - 35% moisture, i.e. for
 

every 100 kg of maize cob harveirted at that time 30 - 35 kg 

(or litres) is water. You need to drive off 16 - 19 litres
 

of water from this maize to bring it down to storage moisture
 

content of 14 - 15%;
 

Since maize is dried with the sheath by most local farmers,
 

the sheath and the water which it envelopes must first be
 

dried before the grain is dried.
 

Therefore a lot of firewood is needed which is quite expensive.
 
For lack of firewood, the maize is inproperly dried and can
 

develop mould leading to great losses.
 

But suppose the farmer had enough wood to dry his maize in the
 

ceiling of his living house, how long does it store up there?
 

Farmers admit that their maize is heavily weeviled after three
 

months from harvest.
 

Because of weevils, moulds, rats, it is estimated that the
 

village farmer is loosing 25 
- 35% of his stored grain to the
 

o"'v!eagents. 

The Agronomic Research Station, Bambui has perfected an artifi

cial maize/grain dryer which uses firewood and is very choaply
 

Constructod. 

It is the purpose of this bulletin to explain how the local 

farmer can construct and use this dryer. 

o .ff-$/*
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JIOW JPUS THIS FYRWP? 

It is basically a batch dryer a;,d oonsists of a rectangular or
 
square house. The house is built with locally sun-drLed blocks 
and for durability, the roof is covered with corrugated iron/
 
aluminium sheets. 
Shelves are constructed inside 
on which the
 

mraizo to be dried is laid.
 

A flue is made of used oil druis which forms a chamber and is 
fired from outside the house. 
Heat in the flue of drums heats
 
the air inside the house and it is this heated air that dries
 

the majize.
 

Maize to be dried can either be shelled or left on the cob befor.,
 
drying. If on 
the cob the cobs can be spread to a depth of 30
 
- 40me deep. The lowest shelf must be at least I 1/2m from the 
top of the flue (i.e. the drum). The heat in the drying house
 
is maintained at 40 - 0
50 C. Depending on the size of the house, 

up to about 6000 kg of cobs 
can be dried down to a moisture
 
content of 14% in 60 -. 72 hours of continuous drying. Depending
 
on the quantity of maize, - dryZing 
 can be done in one or more 

batches.
 

T P- E git 

There are two types of ti. o*' .. For both, material needed 

to build tho-dryer are relatively cheap - sundried blocks, bush 
pbles, bau4uV, used oil druL'xl, a fe: kilogram nails and a fev 
sheets of Oprrugated alunrinir:v', L'c. 

The walls of this type are about 4 metres long by about 4 metres 
high. On one wall is located the door. 
On the other throe
 
walls oue oil drum each is used. It is built into the wall at 
ground levol bisecting the length of the wall into two equal 

. .... I. 
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The closed end of the druo is perforated and tho drum is located 

in 6uch a way that the open end flushes with the outer surfaeo
 

of the wall.
 

Inside the house two or three shelves can be construceted with 

bush poles, bauboq and even bush rope in the same manner that a 

ceiling is constrA&'ted in local village houses. 

I.. Floor Plan
 

r1,4-
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II. View of the isj~l of the dryer
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TYP E II
 

This type is 2 - 3 times as large as the type I and the arra-rge

mont of the shelves and the heating drums is somewbat-dIfferent.
 

The drums are opened both ends and are placed end to end to form
 

two flues that go accros-s the width of the whole drxing house to
 

the other long wall. The ends of the drums that join eaoh other
 

are welded or cemented to avoid smoke from rising Anto the cobs/
 

grain.
 

Fire is made at the alternate ends of the flues and smoke gets
 

out through constructed chimneys at the other alternate ouds.
 

The door opens on the short end of the dry house unto a loading
 

alloy with 2 - 3 shelves on each side, constructed with local
 

material.
 

Drying down to about 14% moisture is achieved in 60 . 72 hours
 
0with a temperature of 40 - 50°C. 

I. Floor Plan 

C CQ4~CU~ 
i •
 



- . .5. .11., View 2f Inside _of Dry House 

FACTORS TO CONSIDER IN SIECTING A DRYER 

1. Hoctarage and output: 

A farmer may have only 1/2 - 1 ha of maize which may yield 

about 500 - 1500 kg of maize cob. In this case the farmer 

may need tho Type I dryer which can hold from one to-three 

tons of maize cob. 

If the farmer or group of farmers can jointly harvest more
 

than three tons of maize cob the Type II dryer is recommended.
 

. .... /a 
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2. ra"
 

This type of dryer not only driEs maize, it can also dry
 

other cereals and grain e.g. beans, rice, groundnut, etc.
 

but the temperature and duration of drying can be adjusted 

accordingly.
 

3. Increased Yields: 

The farmer or group of farmers mnist allow for increased 

harvest when constructing the dryv house to avoid breaking 

down the walls of the house for Nuture expansion. 

4. Rpod: 

You must have a ready source of firewood. It is estimated
 

that to dry 7000 kg of maize cobs you require 25 steres
 

(cubic metres) of firewood.
 

5. VMarketiag:
 

The price of maize after proper drying and storage is also 

to be considered. Local experience shows that the price 

of good maize grain goes up from about 17 fro/g at.harvest 

season to about 70 frs/kg after storage for 4 - 5 months. 

It is also known that your cost of producing 1 kg of maize 

is between 39 francs and 43 francs. Therefore it will be
 

more profitable to dry your grain properly and store your
 

maize and -sellIt at a later date if you must make a profit.
 

6. Labour: 

You havu to consider both skilled and unskilled labour. 

These are necessary both for the construction of the house 

arid for the drying operation. Y-Oa.require a more even and 

-crintrou3 t-omperature at drying that a temperature which 

fluctuates drastically. For this you require a skilled 

labourer. 

. • .. p/o 
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7. ,a: 

The capital outlay must also be considered. The Type I K
 

dryer is less expensive than the Type II dryer and the size
 

of the house should be adjusted to the needs of the farmer.
 

ESTIMJiTED COSTS OF DRYERS
 

For the Type I - DRYER
 

Diamensions 4 ta x 4 m x 4m
 

Nurdber of sundried blocks. = (20cm x 30cm x 15cm) = 1300 

@ 10 francs each = 13..00O0.f-rs-

I trip of stones for foundation = 7.000 

1 bundle of zinc = 42.000 " 

3 kg of zinc nails - 1.500 " 

Local Poles for roof = 4.000 " 

Wire Nails for roof = 8 kg @ 300 frs each kg 2.400 " 

3 used oil drums = 9.000 " 

Bush poles and bamboo for shelves = 5.000 " 

Timber for door and nails = 3.000 " 

Padlock - 600 " 

Workuanship 20.000 

If you intend to dry beans or rico etc. you neod.an.addititonl
 

27 square metres of wiro-mosh.
 

For tho Type II - DRYER 

The cost of the Type II dryer is about double that of the Type 

I house but much depends on the diamensiins chosen by the farmer. 

N o t e: If the house is properly constructed and used, it can 

last for a period of 25 years or even more. 
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TREATING TUE IM ZE AGAINST WfEEVILS 

After your maize is dry, shell it immlediately and treat it
 

against weevil attack. Then store the maize properly.
 

- Keep grain cool and dry, protected against insects and rodents. 

- Use insecticides on all s:cks and other storage containers. 

Meet your extension worker for directions. 

- After your grain has been shelled and treated clean the dry' 

house properly, dust it with an insecticidc and you may use 

it to store the grain in sacks or o.t-o ita. 

Renmomber[ 	 Grain which is proper-ly d Prop treated with
 

insecticide and penq stureLin a clean, cool, dry
 

place can store for more than 6 months without losses
 

to insects moulds and rodents.
 

0o0o0o0o0o0o0o0o0
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IRISH POTATO PRODUCTION
 

INTRODUCTION
 

In the cooler highland areas of Cameroon, Irish.Po-tatoes have
 

been an important food crop. The crop it-self is not native to
 

Cameroon. It's original home is South America around Peru and
 

Bolivia. It was introduced to Cameroon by the European Explorers
 

early this century.
 

Although potato is a temperate zone crop it has been found to do
 

well in the highland plateaux of Cameroon (1000 - 2000 metres
 

above sea level) notably in the North-West and Western Provinces,
 

giving quite encouraging yields.
 

Once regarded as the "white man's chop" Irish Potato has recently
 

assumed a great importance to the Cameroonian farmer and consumer
 

both as a food and cash-crop. There is a high potential of the
 

crop fetching foreign exchange from neighbouring countries.
 

USES OF POTATO
 

Potato has seve:'ii uses besides being a good supplier of energy
 

to the consumer - which is its main use. It is eaten boiled,
 

roasted, baked or fried. It can also be processed into canned
 

whole potatoes, frozen french fries or chips, dehydrated flakes,
 

powder or grainules, potato salad etc.
 

Other uses into which potato can be put are:
 

a) Livestoct (animal) feed 

b) Starch manufacture 

c) Flour ma]ring 

d) Alcohol production 

e) Production-of htf,-I-grade protein from potato fries 

f) The leaves are used as vegfetables irL certain parts..-of

the world. 

Currently in Cameroon there is a high demand for potatoes through

out the year,
 

The Institutes for Agronomic Re.;,!arch Dschang and Ba,.ui Stations 

have conducted research work on potatoes for several years, and 

it is the purpose of this bulletin to briefly present how Irish 

Potato can be prown for high viol.ds in Cameroon. 
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IN WHAT CL136ATE DOES POTATO DO WELL? 

The available varieties of potato in Cameroon requires a cool
 
0

growing season with a tempera.ture range ofI .....18°C. 

Cameroonian varieties of potatoes do not do well in areas of 

very heavy rains. A rainfall of 500 - 750uaaevenly distributed 

throughout the growing period is considered essential. 

WInen grown under humid conditions the incidence of blight is ofter 

high and control difficult. 

!HAT 	 SOILS ARE GOOD FOR POTATO? 

Optimum yields are obtained in: 

- a deep well-drained loam or sandy loam soils that are 

light and well aerated. 

- soils that are free from stones. 

- soils that are slightly acidic - 5.5 - 6.0 pRO 

- soils that are rich in organic matter are particularly 

recommended.
 

HO DO YOU PREPARE YOUR LAND FOR POTATO? 

1. 	 Clear your land well.
 

2. 	 Remove (coarae) math rl-A.1for-b±nosdLi~i~

a heap) spread the iood ash evenly over the plot if necessary). 

3. 	 With soft trash prepare pompost. 

4. 	 Use the compost in the field while making ridges. 

You obtain good yields of potatoes when grown on ridges with a 

fine tilth which are at least 25 - 30cm deep, and 80cm from top 

to top. 

.1.m•
/
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WHAT SEED SHOULD YOU PLAIIT?
 

Tubers, either whole or cut, known as potato "seed" are used.
 

Whole tubers arc preferred because cut tubers may rot in the
 

ground. The tuber should weigh 45 - 55 grams. 

Rub cut surfaces t-ith woodash.
 

The tuber should be:
 

- good and healthy i.e. free from diseases and pests.
 

- adapted to the region.
 

- free from mechanical damage
 

- m st have been stored and prepared for planting correctly.
 

:€hanever possible "seed" (tubers) from the research station is
 

preferrable.
 

HOW DO YOU PREPARE YOUR POTATO SEED? 

Freshly harvested potLto is not good for seed. It must rest
 

before it is ready to sprout. Seed potato must be obtained frcm
 

fully mature plants. 

After harvesting your potato select tubers that weigh approxi

matoly 45 - 55 grams, and which are free from mechanical damage, 

wounds or bruises.
 

. Select seeds that are free from diseases and pests. 

. Keep these seed in a cool, a , .r place for about 8 weeks. 

. When they begin to sprout fror. the "eyes" then you have good
 

seed for planting. 

* Do a final selection - removinp rotted and diseased tubers. 

;HEN DO YOU PLANT YOUR1 POTATO? 

In thc potrato gro.irg arens of Catwroon the crop is grown twice 

a year with pl:antings in February and 1'uptist. Three crops may 

be gro',n if irriga:tion is available. For the early cron it is 

preferable to have the seed in the ground before the onset of 

the rainy season i.e. by end of February. This way youir crop 

escapes the attack of lte blight, because growth is faster and 

it matures before real he.vy rzins in July. /
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The late crop planted mid - August to end of August has at least
 

2 months of rainfall before the onset of the dry-season a time
 

when late blight is reduced because of reduced humidity.
 

H0.! DO YOU PLANT YOUR POTATO?
 

In Camueroon potato is still planted by hand, on ridges 

- at a depth of 8 - 10cm 

- at a spacing of 30cm 

- on ridges 80cm fror top to top. 

SEED RATE: This depend on the spacing and whether th potato 

is planted sole or in association with otber crops.
 

If planted sole and as whole tubers, you require 

1500 - 1800 kg/ha. 

S KETCH: 

(2 

CAN YOU INTERCROP YOUR POTATO? 

It is difficult in Cameroon to find a sole trop of potato on the
 

farmers farms.
 

Research work is continuing in order to find out which is the
 

best combination to make. For now it is reeommended that for
 

best yields potato should be planted as a sole crop. Potato 

does best when exposed fully to sunlight. 

.1.II/ 



FERTILISDR AND ORGANIC MhTTETLR USE ON POTATO 

Potato does well on well-rotted Farm Yard 
'anure, or (Compost). 

Fertilizers are expensive to buy but a wise use of ther can
 

increase your potate crop yield. 
Since soils, and rainfall
 

pqtterns differ from DI-ce 
to pl0ce, it is not possible to
 
recom..end a strict dose of fertilizer for tl-e potato crop. 
 How

ever, research in the two A-gronomic Stations of Ba.bui and Dschang 

recommends : 

1. 	 If your soil is very fertile, anf! rich in organic 

matter there sh--id be no need fcr cborricnl fertilizers. 

2. 	 One dose of N P IN (20: 10: 10 or 15: 15: 15) at the 
rate of 10 gra;iis per plant in moderately fertile soils 

plus 10  25 ton of FarLi Yard l anure. 

3. 	 Two split applications of N P X as follows:
 

N = 	 SO units/ha = 354 kg of Sulphate of Amonia 

P = 100 units/ha = 550 kg of Single Superphosphate 

K = 30 units/ha = __51 kg of Potassium Chloride 

955 #g of N. P 

VHEN 	DO YOU APPLY FERTILISER 

- The manure 10 - 25 tons and then all the P and K should be
 

applied at land preparation, that is mixed with the bed.
 

N - should be applied about 2 weeks after sprouting i.e. when 

plants are 30cm high. 
Mould up the bed after application. 

HO-! DO YOU APPLY FERTILISER ON POTATO? 

Rjin 	 Applicatin: 

If potato is grown as a garden crop you m~ay apply the 
fertilizer in a ring. (Reviomber that one boor - cap full 

5 
-5 	 grams)./ 



6 -

Apply the fertilizer in a small trenched ring 2cm deep and
 
about 8cm away from the plant. Cover up the trench after
 

application. Avoid the fertilizer spread: g onto the stem.
 

It may burn the stem or leaves later.
 

A~Ar 

;-J
 

For large farms carn!also applyyou the fertilizer in a 
ring i thou/t trenching. ; But you Must 1nxuodlnoP.1y Mould 
up the ridge to cover the fertilizer because it can be 
washfed away by rain. 

Band Applica i o 
This involves placinla ty fertilizer in a band to the side 

of the line of the plants. It is faster than the ring
 
application although the 'ring application is 
more economical
 

A' Con fertilizer. 'V-% reujk 

S K E T C II _ I 

// 

777 1'q7
 
Place the fertilizer about 8cm away on both sides of the 

-- ,e of plants in a band. After this, mould up the ridge 

in order to cover the fertilizer. 

This is more practical because
 

- it saves time
 

- moulding covers up weeds 

- moulding covers up the developing tubers. 

Remember that each plant takes 5 - 10 grams of fertilizer. 

. . . e/..
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4 E E D I N G 

'Teed your potato farm at least two times in the growing season. 

The first weeding should be done about 2 weeks after the potato 

has sprouted i.e. when plants are 30cni high (just before fortiliser 

application). 

The second weeding should be done 5 - 6 weeks later.
 

At each weeding, rmould up the ridges so that the roots of your
 

potato plant and the developing tubers are not exposed. Take 

care not to wound the tubers during weeding the second tiie.
 

Teeds are bad: 

- They steal plant focd and water from the soil) and 

starve your po-;ato thereby reducing their yield. 

- They harbour pests -nd cause diseases on your farm. 

- Toy make harvesting of your potato difficult. 

DISEASES AND PESTS
 

Potatoes can be attacked by iiany diseases and pests. The very
 

comron ones are:
 

P E S T S:
 

1. Aphids - very tiny small insects which are
 

capable of spreading virus diseases
 

such as leaf roll, and mosaic.
 

2. The Black Cutworm - it causes serious loss of the young
 

plants by cutting the sprouted and
 

emerging shoot of the plant.
 

3. Other Posts - other common posts found on potato are 

the potato tuber moth, root eating ants,
 

flea beetles.
 



CONTROL: 	 These insects can be effectively controlled with 

an appropriate insecticide spray on the leaves 

and at the bases of the potato stem. 

The following insecticides have proved effective 

at this Station:
 

1. Naftbilo
 

2. Aldrin (Aldrex 40) 

METHOD OF USE: 

- Mix 7 gra-a (I small match box full) of the 

powder in 4 1/2 litres of water (1 gallon) and 

spray onto the stem and leaves and at the bases 

of the plants. 

- 'Y can elso mi, this insecticide spray with the 

fungicide spray (against blight) and spray the 

mixture at the same time, 

- To effectively control both the insects and 

blight, spray it a weekly interval, 

DI S EA 	S E S: 

1. P.L.gh - One of the most widespread and serious potato 

disease is the ptato blight. All parts of thr' 

potato are affected by the disease - the leases 

turn spotted brown then black and fall-off. 

- the stems die and rot away. 

- the tubers develop dry or wet rots. 

CONTROL: - Use tolerant cultiv~rs. 

- Spray once or twice a week with an appropriate 

"tManesan", Manob, Ouproxide, at the rate of 2 

kg to 100 l/?to. -Xhbe sfbDM feAu&alpful. 

*p.1.•e/
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2. Potato Bacterial 	 ilt 

This is also called brown rot. An attack makes
 

the plant to wilt. Afrfected tubers become rotten
 

with a very offensive smell.
 

CONTROL: 	 - Use resistance varieties.
 

- Practice crop rotation.
 

- Uproot diseased plants and bury deep.
 

3. S c a b The tubors of the potato develop raised corky
 

areas which a're Fgreyish vihite to brown in colour. 

The disease is common 	in basic soils i.e. pH
 

above 7. 

CONTROL: 	 Uso tolerant varieties. 

Avoid growing potato on basic soils.
 

Other disorders of potato tubers are:
 

4. 	 Greenings - due to exposure to sunlight during the growing 

season. Green tubers are not good for table. 

5. Hollow Heart - this is very common with large 	 1tubcrs. Thon 

split open there is an open cavity inside the 

tuber. It is not vory serious. 

6. 	 Black Heart ) - caused by high temperatures accompanied
) by poor aeration at storage. They can

7. Mohogany Byowning also be caused by high soil temperatures. 

CROP ROTATION
 

It is not 	adviseable to grow potato twice consecutively on the
 

same plot, in order to avoid heavy disease build up particularly 

bacterial wilts, blights, and insect attack. Fallow your land
 

for at least one year before growing another crop of potato on it.
 

* . . ./ 
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HA R V E S T I N G 

Potato should not be harvested until they are ftily-iitu~e, when 

the skins have set and are less likely to be damaged during 

harvesting. 

" 	 Some vaitleties are- very early ..maturing taking abput_70 days.
 

Others take 95 days, some take up to 120 days.
 

" 	Potato shows signs of maturity when the leavej and vines turn
 

uniformly yellow and die aoq •
 

* 	 The crop can be harvested in small areas as the need arises 

hH/j all of the farm must be har-rested by the end of the 4th 

week after maturity. After Phis period, the tubers may start 

to germinate and lower your pctato quality. 

0 	When harvested, the tubers are left on the surface of the soil 

for about 30 - 60 minutes depending on the temperature so that 

the skin can dry and toughen. 

.	 Avoid using sharp implements for harvesting. They cause bruises
 

and wounds-on the tubers and reduce their storage ability.
 

S 	 T 0 R A G E 

Potatoes can be stored from 5 - 8 months if the following conditions
 

are observed. 

• 	 They must have been fully mature before they were ha-vested. 

" 	The skin must be allowed to dry out proferrably in the sun for 

a day or so. Spread thinly in a dry place.
 

Possibly spray the store with a fungicide e.g. manesan, manob, 

cuproxide at the same rate as in the field against moulds and 

storage fungus. 

" 	The store must be cool, dry and airy. 

" 	The potato may be
 

-	 spread out thi-nly on the storage floor (which must bo airy) 

-	 spread on shelves in the storage house 

-	 packed in slatted trQys 15cm high, arranged one on top of 

the other in the store on wooden :unages. 
C * 	 P P */ 
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. You should occasionally inspect your potatoes in storage to 

remove rotten or damaged tubers.
 

* Never store your potatoes in bags or sealed containers. 

Y I E 1,D S: Results on potato research in Cameroon give yields
 

of between 10 tons and 25 tons for recommended
 

varieties, depending on the altitudes which range
 

from 1300m - 2 0 0 0 m above sea level. 

1 ,i.%'TEL) COST OF GROWTNG A SOLE CROP OF POTATO ON ONE HECTARE OF LANDI -


30 U R C O S T S
 
H0'URS .. UNIT" " 0NECHA 
 COST 
 TOTAL .HOURS RATE
N S:RATI :MH TOTAL COST: 

COST MANUAL
NISED FRANCS 


Clear land 4 hrs 3.500 14.000 300 50 !$5.000 

Ploughing 4 0 3.500 14.000 500 50 25.000 

Harrowing (2x) 4 " 4 400 20.0004500 . 18.000 : 50 


*Ridging 2 4.500 : 9.000 : 300 50 15•000
 

* a. . . a 

Planting :: : - £ 70 mh. 50: 3.500 
First Weeding and 
Fertilizer Applica- . 35 mh: 50 1.750 

:tion : 

-2nd Weeding/Nould up : - 1: 50 : 5.000: :00 mh: 

:Spraying against :
 
diseases and pests : - : 7 mh. 50 350
 

Harvesting, bagging
 
and storae - - 180 mh 50 9.000 

S :1.822 : : 126.100 

N tMA ERI ES:3 COSTS 

QUANTITY UNIT COST: TOTAL COST 

S e o d 1.800 kg 60 108.000
 

?arm Yard Nanure . 15.000 kg. 5 75.000
 

Fertilizer .954.000 kg. 60 57.240
 

Chemicals 10, - 75 750
 

-- 240.99o 

= Calculated under Bambui Conditions) 
O * t I./ 



Partially mechanised production of Fotato/ha = 291.990 francs 

Fully manual production of atz-to/ha = 367.090 francs 

G d~i 

1 tractor hourz is esti:-ated at 10 mandays 

1 manday = 7 hours 

10 mandays = 70 m-nhours (rT0r 

Break-Even Foints
 

A. Full,' manual work on cr = 367. 000 francs 

Estimating a yield of lOtons/ha
 

Break-even point = )7 fI§I nc/kg
 

B. Fartially mechanised croA = 292.000 francs 

Esti:ating a yield of 10 on./ha
 

Break-even point is 22 f ncs/kg
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TECHNICAL BULL' TI1T . NOt 3/80/INI/AL3rJI 

2repared by: rc. NGONG-NASSAH 
Etension - Agronomist 

..A .Ba bui Station 
P.O. Box 80 BAIENDA. 

Dr. S.N. LYONGA* ) ( Dr. J.A. AuJ.... _1. **
 
Dip. Agric; I.I.Sc; Ph.D. ) and (Dip. Agric; D.Sc; 14.Sc.; Ph.D.
 

HOW TO GRO?! YAH F- BETTER YI3LDS 

INTRODUCTION
 

Yam is an important food iter. to many Cameroo:_ianq. The Station
 

for Agronomic Research in 3a-,.ui has improved on three 
highland
 

varieties. These selocted a collec'ion of 114 '
were from types,
 

gathered from Cameroon and other parts of the >,orld. The three
 

main varieties recormiended for the Cameroon "_-i,:l- and-latcau thei

average yields at this Station over a five yea -
 -efriod are:
 

I. 	 Dioscorea rotundata, coiz:--only called the "Os'i >hjte Yam" 
(ex-Ce:.±e) yieldinj:r 25 tons/ha. 

2. Dioscorea cayenensis, co::z:only called t-z "-fellow Batiho Yam"
 
tex - 3atibo) yieliig 23 	tons/ha. 

3. Dioscorea dumentorum. 	 corL-only called thn Ja-i'."i" Sweet Yam 

(e- - Jakiri) yiCli:-j b; tons/ha. 
The yields were obtained '-.it1'er rr,oi::>ohal-o-tion of chemical 

fertilizers nor any chemical -±:2so and post co::-trol. However, 

organic manuros at the rate of '0 - 15 tons/ci.t.rc -nd good farm 

sanitation measures greatly i--casod t7...3rc 

* = A-rononiist 
Root and Tubor Reusi.rc- Coordinator, CA, .. ccI'r
 
Chief of IRA, EKOi.VI C .IJiD, South 11est >'oviIIcO.
 

- aize Breeder, IA 3. ui and Coordinator o! Cereals
 
Programme in II.A/L;S?. S
 

http:Reusi.rc
http:tons/ci.t.rc


WHAT 	 SOILS ARE GOOD FOR YOUR YAMS 

Yams 	 performs best in soils that:

- are well-drained
 

- aerated
 

- deep warm loams or silt loam 

- contain abundant organic matter 

- arc well supplied with nutrients 

- are about slightly acrid to neutral, i.e. pH 5 - 7.0 

Yams should not be grovn on stony soils, heavily lateritic soils,
 
stiff clayey soils, waterlogged or sandy soils. Unused soil or soil
 

which has remained fallow is good for them.
 

To avoid soil erosion particularly wben yarn is grown as a solo orop 
do any of the following on steep slopes:
 

- contour ridging 

- strip cropping 

- terracing. 

In the highland areas of the West and North-West Provinces of
 
Cameroon yatas 
are grown on high ridges usually in association with
 

several crops,  maize, cocoym, beans, okro, vegetables, etc.
 

But maize inter.-crop has been found to reduce yam yields.
 

HOW DO YOU PREPARE YOUR L1.0D FOR YAMS? 

1. 	 Clear your land well.
 

2. 	 Remove coarse material for burning {1outside thaeficLi a 
heap). Spread the wood ash evenly over the plot. 

3. 	 For soft trAsh prepare compost. 

4. 	 Use the compost in field while making ridges. 

Some 	farmers prefer to dig holes of from 60 
- 120cm deep and about 
as large and fill up the holes w:ith fertile soil before planting 

their yams. Some prefer to make igh mounds in which they plant
 

their yams.
 

. . . . .	 /o 
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Research work en yams shows that whether planted on mounds or in
 

dug holes or on well-prepared ridges or merely well-prepared seed
 

bed there is no significant difference in the yield. This Ftation
 

recommends that yams be planted on well prepared ridges spaced at
 

100cm (i metre) from top to top and about 60cm high. This is less
 

costly than either the holes or the mounds and allows far easier
 

inter-cropping of other crops.
 

WHAT YAMS SHOULD YOU PLANT? 

This depends on whether you are planting yams to obtain seed-yams
 

#r ware (edible) yams. For ware yams - a sett should be 375

500 grammes. For seed yams 125 - 250 grammes.
 

HOW DO YOU PREPARE YOUR YAM SETTS?
 

Usually the bigger yams are cut into the required setts. The cut
 

surface are left to dry in a shady airy place for about 2 days.
 

If the surfaces are not dry, the yam setts may rot in the ground.
 

You should treat the cut surface with wood ash.
 

REMEMBER For the Oshio and Batibo yams:

- Setts from the top (the stem end) of the yam sprout better.
 

Tops of tubers are best cut in such a way to ensure maximum
 

of skin.
 

- Next are the setts from "bottom" (the end that pushes into the
 

ground).
 

- The setts from the middle (have the poorest sprouting) take
 

the longest time to sprout.
 

For the Jakiri yam it is advisable that the setts have 'tops'.
 

Sprouting more readily taken place from the tops of the
 

tubers (i.e. the stem end).
 



.- 4 

- / 

WHEN DO YOU PLANT YOUR YAMS? 

In the highland areas of Cameroon, research has shown that yams 

planted between mid - November and mid - January gave the best 

yields. Therefore plant your yam betweonmid_.--November and 

mid - January for better yields.
 

After planting mulch the top with some grass or leaves and weight
 

it down with some soil to keep the mulch in position. Mulching
 

conserves the soil moisture around your yam sett.
 

HOW DO YOU PLANT YOUR YAM SEWT? 

It is better to plant too deep-tthan topti too ahalto .. Jow~vor, 

to avoid exposure to surlight of your sett and to ensure a more 

even temperature around the sett, plant your yam sett at a depth 

of between 20 - 25cm deep with the cut surface at the side (or 

upwards) not facing downward.
 

5V 4aC' 

/J 



HOW FAR APART DO YOU PIh.NT YOUR YAMS? 

- If you intend to inter-crog plant your yams at a spacing of
 

1 metre along the ridge giving you a plant population of
 

10.000 	stands/ha.
 

6 6
- If you.are planting as a sole crop space the setts qat cm
 

apari, 9iving you a plant population of 15.000 stands per
 

hectaret
 

- Always allow half of your required spacing at the end of 

each ridge before you plant your first yams as shown in tho 

sketch. 

Pin a short twig on the top of the planted sett to riark where th.: 

yan was planted. This will help when you come later to atak" th, 

yams. 

On most peasant frms yas are*eitho" nt# tn*ked or imprperly 

staked. Research findings show that the yields of yms (0shle 

white and Bntibo yellow) are greatly reduced if the yams arv not

staked, i.e. if the vines ]eft tt~pil on tho Stalr to 	 ground. 

kng of yams is very important. It has been found out that it 

is very costly to stake yas nd therefore the Station of Agro

nomic Research Baribui has come )ut with an inexpensive way of 

staking y-ams, This methodl of ;tak-ing allows the fn1 n~or to rwke 

maximum,use of the farm because many crops can be grown side by 

side with the yams without any of them endangorinf_ tho well-being 

of the other if' yoir farm is fertilu. This is discussed below. 



P R 9 C E D U R E 

1. 	 You plant .your yam -s--ts -of -1 50052-.--" metre 
apart on high well worked ridgv-O-1-0ci"from top to top. 
This 	jives a plant piopulation of 10.000 yam stands/hectare. 

2. 	 Beginming from the and of each ridge stake 2 ratu'e elephant 
grass stalki besides each yam stand. You require 20.000 
elephant gr~ass stakes for one hectare of I0.0.0 plants. 

3. 	 When all your 1farm has been staked this wa; go back to the 

beginning -.nd tilt 	the stakes of 4 yams, ie. 2 consecutive 
stakes on ridge one (i) and two c:nsecu {ve stakes on ridge 
two (2) so that the tops of the 4 staks meet above the 
centre of the furrow between the two ridges. Use any ordi
nary bush rope to tie the stakes srurel 
at the top.
 

4. Train your yaws to climb clockwise for the white yams. 

From this system the following crop association is possible: 

1. 	 * = cocoyam; IYou can plant cocoy-am between the two 

(staked yams on each ridge under the "hut" 

2. = legume; 	 (You .. r plant two stands of dwarf beans 

or 2 stands of groundnuts bovd n. 

te two "huts" 

.1.••
/
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ADVANTAGES OF T':IS SYSTEV 

1. 	 Your yam yield -,iil almost double if your yams are zal, 

2. 	The elephant gra-ss stalks are inexp-ensive to cut fro:: ".:e 

bush and al!ost ]Jways more availa,-le t--an the bush zt -".. 

which are difficult to come by particularly in the :'azz 

fields. T-tau-.re clephant grass stalh.. can survive one yeo.i.r 

as stakes of yar. 

3. 	 You can grow yams, cocovams, b*.'.anL, ,Tr1-oun:dnuts and SO-r')ca-n 

on the sarie farm withoi-.t endangering, the well being of .ac.h 

crop in the asLociation. 

4. 	 Since the cror)s are harvested at d4.f2creint times of t-e yoar, 

this assocatL.), ens2res an even distriht:tion of labot::

throt].hou t - ear, and an efficint "se of labour. C.-O 

You are wce: c.in, for yams as well ats f'o- cocoyaz, boans ,tc. 

5, 	 Crop associ-tion are an insqrrance against total cro :2.ilure 

i.e. if yocr yamI.s don't yield well, this noor yield ,iJ. be 

coripensat, d o: by thu combined yiA].ds of the other c:'oT s. 

6. 	 Staking of' yet', y ms as describuc' : llc:!s for more su::l±§. 

on all your croi)s on the farm. 

CAN 	 YOU I C%.... " YAI'S? 

Oh, yes! YO,' C".l. t;rtvop yCo-r yalls 'ritr be.ans, ground ., tc. 

btut your tcch;.iqlu.., -t sta'-ingf rust be prc.c., This tec>L.v-i -c.s 

boon explained -bov. undcr "stakint-". 

FERIL'~RSCIT YA!',-' 

Fertiliz!crs ;iro .x:,-I-iJv(- to huy. Tc 'voi.xcessive use 97 

f'rtiliz(.rs on y-i ,, yams , sl ct f. rti.Uz, ils for your ;r. 

Use of orranic i:a,',c at thi, rate cof J]O . ' tons per h.c"..c 

i ncr s,. y urePr y.'n-"i.!I. 

If you must nsi to incr-a.,-t: yicld of'.. 

nitroeno.-us and petassic fertili: r .. s .ft. Ph'-..' c 

forti.lizcrs arc 1)-t v,;ry noce:ssaiy for yai.-.-. 

http:f'rtiliz(.rs
http:T-tau-.re
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7 - 8 bags of Sulphate of Anmonia and 2 bags of' lIuriate of Pctash
 

(= 9 - 10) evonly i.:ixed can be applied to your yams in twc oqual
 

applications (i.e. on cne hectare).
 

- First applicaticn after 80/,' of all tho yar-.s have sprouted.
 

usually about mid - ILarch if planted latest mid - January i.e.
 

6 weeks after planting.
 

- Second application at the end of July i.e. 5 - 6 months af'tor
 

planting.
 

You apply 25 fgrariics/plant/application i.e. (5 buer caps). 

HOTI DO YOU APPLY YGU7 FERTILIZER? 

Make a small trcnchcd ring around the stand, I5cm away arid a'.-cut
 

4cm decp and sprinkle the fertilizer evenly in it. Cover u!:
 

trench.
 

Avoid spreading the fertilizer on leaves or placing it tcc
 

close to the vine to avoid fertiliser burn,
 

*-'-'-- Yam Vine 

/. 	 Fertilizer
 

Trench I cm
15cm +1 2 	 deep 

W E E D I N G
 

Woeod your farm at least three times in the grcwing season. 

The first weedin, sh!ould be done in April/Lay, the second 

weeding should b; doii.u in Jul:r before socond furtilizur ap:Li 

The last 7ding September/October. bc l t a::arournd Teeds i.iay 

the furrow to rot or used for compost, Stubbo-n weeds like me.li:i., 

roots of' spuar gr- sz etc. should be rc-.;oved f:roi the farmrz.i 

preferrably burnt. 



DISADVANTAGES OF WEEDS 

1. 	 WEEDS ARE THIEVES 

They steal plant food and moisture from the soil. Your yams
 

need the food and moisture and without them the crop cannot
 

do well. The weeds must be removed, because they badly
 

reduce yields of your yams.
 

2. 	 WEEDS HARBOUR THE ENEMIES OF YOUR YAMS 

Weeds provide good shelter for any insects or rodents which 

can 	damage your yrnis. 

3. 	 WEEDS PREVENT VENTILATION OF YOUR FARM 

Beoause of poor ventilation diseases can attack your yam 

crop particularly if the -atmosphere is humid. 

Weeding loosens tha surface soil and admits air into the soil. 

This 	 is good for your yarm plant. Only shallow weeding is recom

wended for yarm so as not to destroy the roots of the yam or to
 

wound any developing tubers.
 

DISEASES AND PESTS
 

The most common disoases--n-yam A-&.re:
 

1. 	 A:NTHRiLCNOSE DISEASE. It attacks mainly the leaves giving 

them n spotty appearance. The leaf may turn completely 

brown and fall off. 

CONTROL: Spraying the yam with 4 1 '2 kg of 'MDnesan' in 

-200 litres of vnwter/hecttre pro-vonts- this disease but does 

not cure it. 

2. 	 NOSAIC. This virus stunts the p-'.nts, the leaves become 

pale green with d*ark green along thc veins. It is sericus. 

CONTROL: Roguing of disea'sed p'_antH and not using diseased 

mnterial for setts may help. 

3. 	 DIE-ACK. This disense be-ins - th, tips of the vinos and 

the vines die-back.
 

CONTROL: Uproct the affectod pint and burn or bury deep.
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4. 	 TUBER ROT. This is particularly serious, with stored Oshie yam 

and Batibo yam. 

CONTROL: 'Store your-yams in.well ventilated barns and
 

spread thinly on the floor or in the shelf. 

- For seed yam spray the setts with 'manesan' 'cuproxan'. 

Use 1 (one) match box full to one gallon (4 1/2 litres) of 

watep 

5. YAM BEETLE. This attacks the yams in the ground by burrowing 

into the tuber and reducing their quality. They are parti

cularly serious in warm locations, and swampy areas.
 

CONTROL: Use Aldrin 2 1/2 dust at 2.5 kg per hectare. Also
 

treat the setts with Aldrin before planting.
 

HA R V E S T I N G
 

WHEN 	 SHOULD YOU HARVEST YOUR YAMS? 

,The 	 time to harvest your yams will depend on the variety and the 

purpose for harvest.
 

Some yams like the Jakiri sweet yams can be harvested by August 

if planted in January. 

The Oshie white yam is usually ready for harvest by November -

December. 

However, there is a practice known as "milk-ice whereby the farmer
 

opens up the ridge and carefully cuts off the big tuber around 

July - August and leaves °the plant to develop setts for next 

planting. 

Some 	 farmers harvest their yams one to two months earlier in order 

to catch the market. Yams harvested earlier than usual have a
 

poor storage ability because of the high moisture content.
 

/. 



HOW SHOULD YOU HARVEST YOUR YAMS?
 

It is important to dig carefully and not-tv bruise or wound the 

tubers. Bruised or wounded tubers do not store well. Use a
 

digger (tonjcee) for efficiency. CENEEMA Bambui produce's them at
 

about 500 francs each.
 

STORAGE
 

Yams are better stored in a cool dry place and away from the rays 

of the sun. Yams should be stored in a way as to al2ow for free 

air-circulation around the yams. 

Several ways of storing aro possible:
 

a) packing tubers in ashes and covering them with soil;
 

b) covering the yams with a few inches of soil and a grass mulch;
 

c) pilinj the tuber in shapes likc a pyramid, lining the floor
 

and covering the clamps with old palm leaves, leaving a hole
 

in the middle to alloul air to circulate;
 

d) suspending yaws singly from branches which shade them;
 

e) tying them to a framework of poles. This is perhaps the most
 

popular and best way of stoving yams.
 

. . .. o/o 
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COST OF PRODUCING ONE HECTAR3 OF YAM * 

/ : N- FRANCSt OPERATION INPUTS i'.i : 
CFA___
SDAYS 

JO 


: 2, Seed bed Preparation:
 

a) Im x Im heaps not mochanised 70 : 25.900
 

or
 

b) ridges Im apart)
 

: I. Clearing and Tillago ** (not mechaniQc)"_"OO0
 

: 3. Seed yam poparation and -oJanting 1 35 12.250 

: 4. Stakes (wooden) 3m hi.h . : 89 : 3I.IS8 

5, Staking and training vinco and rcmoval : 
of stakes after harvest • 62 : 217 0 0 

:-6. Wpdinz (3x) and remoulidina of Ridges : 64 :: 22.40 : 

:. Fertilizer cost 500 c . .. : 2.,000 

8 Fertilizer Lk3plication (27) A 8 : 2,800 

:-%- Flarve s ini :0O : 35,000 " 

:10_ Rpairing and tving in barn : 30 : IO' 500

:II. Cost of 10.000 yam setts G 30 frs. eac : . - : '200.000 

T 0 T A L 533 : 525.700 

Rate/Manday = 350 francs
 

Estimating a yield on the farmer's field of:
 

D. rotundata = 15 tens, break oven = 36 frs/kg 

D. cavenensis = 15 tons, = 36 frs/kg 

D. dumeborum = 35 tons, 15 frs/kg
 

* = These figures vary, and are only indicativu and by lo 

mcans fixed. 

** = This refers to thc grassland areas (Gti:tiea high!land savan-::. 

of the North-West and 'JostornProvinces.
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Contract Between FONADER and Agents
 



--------------------- ----- 

-- -------------------------- ---------------------------------------------

------------------------ ------------------------ ---------

-------------------- ------------------------- ---------------------

---------------- ----------------------------------------------

NATIONAL FUND FOR RURAL DEVELOPMENT
 

B . P. 1548 - Tel.: 23 10 25 and 22 29 82 Telex 8365 KN
 

DIRECTION DES ETUDES ET OPERATIONS
 

CONTRACT FOR MANAGEMENT OF FERTILIZERS N° /DG/DEO.-


Between the National Fund for Rural Development, hereafter called FONADER
 

represented by his General Director, on the one hand,
 

and
 

hereafter called Agent
 

represented by
 

on the other hand:
 

Article 1. SUBJECT
 

FONADER delivers the following fertilizers for the 1984/1985 crop year to
 

the Agent who accepts to take delivery and then distribute them to individual
 

farmers arid to the ones he is monitoring.
 

TYPE OF FERTILIZERS : QUANTITIES 	 : OBSERVATIONS
 

:--------------------
( N.P.K. 20.10.10. 

( N.P.K. 12.6.20. 

( S.A 

Urea
 

Others 
( 	 ::) 

http:20.10.10


----------------- -------------------- -----------------------------

------------------- -------------------- -------------- --------------

-------------------- --- 

----------------- ----------- ------------ --------------

---- -------------------- 

Article 2. DELIVERY AND DESTINATION 

The fertilizers are delivered in good condition to the stores belonging
 
to the Agent who pledges to take delivery of them. 
For each delivery, he
 
draws up an acknowledgement of 
receipt signed by the carrier.
 

Any delivery not conformant with the forwarding documents (damages or
 
short deliveries) is subject to 
a written statement on the waybill by the
 
Agent so 
that a deduction 
can be made on the carrier's payment..
 

Under Article 4 hereafter, para 2, the Agent 
is held responsible for any
 
damages happening after 
the waybill has been signed.
 

Article 3. EVALUATION OF STOCKS
 

The value of the fertilizers delivered by FONADER to the Agent is
 
established 
on 
the basis of the assignment price in force for 
the on-going
 

crop year.
 

On this basis, the deposited fertilizer's value amounts to:
 

TYPE OF FERYILIZERS 
 : UNIT PRICE (T) : QUANTITIES AMOUNT 

N.P.K. 20.10.10.
( : 35,000~40,0[j0 

N.P.K. 12.6.20. 
 35,000 
40,000 ** 

---------------- ._-- -

S.A. 
 : 35,000 

40,000 . - - -

Urea ( 35,000: 40,000: 

40,000

Others
 

(TOTAL 

---------------------------------- ::)( :::) --------------- -------------

• Carrying off from Douala: 35,000 francs/MT.
 
•* Carrying off from the Provinces' Chefs lieux: 40,000 francs/MT (Agent) 

http:20.10.10


-3-


Article 4. AGENTS'S LIABLITY
 

The Agent is responsible for the good management of the fertilizers'
 

stocks entrusted to him by FONADER.
 

He has his storage facility insured against fire, theft and bad weather.
 

The costs of insurance will be refunded up to 50 % to the Agent by FONADER
 

upon presentation of vouchers
 

The Agent is responsible for selling the fertilizers for cash to all
 

farmers at the subsidized prices. However, he will be entitled to sell these
 

fertilizers on credit to the farmers he is monitoring.
 

Th.- Aqent will establish at the end of every month the recap list of the 

fertilizers paid cash and of fertilizerd paid on credit. The total amoult 

received for the sales paid cash must be remitted to the FONADER Agency 

within ten days following the end of the month, or otherwise the payment of a 

penalty of 1 % per mornth or per fraction of month will have to be made. 

The sums due for the fertilizers selled on credit will have to be 

recovered at the end of the crop year by the Agent who will be held 

responsible for any unpaid debt. The sums thus recovered in the course of 

one month will have to be remitted to FONADER under the same conditions as
 

mentionned above. 
The Agent will have to have the total value of the sales 

transfered to FONADER no later than April 15, 1986. Any payment made after 

that date will incur a penalty of 1 % per month or per fraction of the 

month. 

Article 5. AGENT'S PAYMENT
 

In consideration of the Agent'a intervention in this operation, FONADER
 

agrees to pay him 10 % of the sums he remitted to the local FONADER Agency. 

This payment will be made every three months by the local FONADER Agency 

upon presentation by the Agent of the payments effected during said period. 

Article 6. ENTERING RECORDS INTO ACCOUNT
 

a) The Agent keeps the monthly stock files up to date indicating each
 

fertilizer movement (in, out, balance).
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The Agent also keeps to date the monthly files of delivery and remittance
 

of the sales'amount.
 

b) The Agent does not make any delivery nor any collection of money
 
without establishing a duly signed voucher. 
These documents or copies of
 
them will be kept at 
least until the debt is repaid to FONADER.
 

Article 7. 
RIGHT OF INSPECTION
 

The Agent recognizes to FONADER free access 
to all places where
 
fertilizers are stczcd. in addition, FONADER will be given any document
 

concerning the management of fertilizers.
 

Article 8. DISPUTE
 

Any dispute arising between the contracting parties under the execution
 
of this Contract must be resolved by direct negociations between the parties
 
in order 
to arrive at a mutual agreement. In, the event 
that such agreement
 
cannot be reached, the dispute shall be submitted to the competent
 

autohority, FONADER headquarters, for final deliberation.
 

Done in Yaound6, on
 

For FCNADER,
 
For the Agent, 
 Le Directeur des Etudes et Operations
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Typicai Tender Document Used in 1985
 



NATIONAL CALL FOil TENDERS 

CENTRAL CONITR ..S DErARTMENT
 

MINISTRY OF CO:?UTER 
 SERVICES AND PUBLIC CONTRACTS 

- Y A 0 U N D E -. 

By public announcement for the supply of fertilizers for 

Industrial and Food Crops
 

PROGM-.,.ME FIWANtCF) BY FOINADE ON BEALF OF
 

THE MINISTRY O AGPrCULTURE
 

1985/)986 CPOP YEAR
 

PURCHASE OF THE BID DOCUMENTS: CFA 200,000
 

http:PROGM-.,.ME


I. - CALL FOR TENDERS:
 

FOR: FERTILIZERS FOR FERTILIZATION OF ROBUSTA AND ARADICA
 
COFFEE TPEES, A NURSERY DEVELOP'MENT AND ESTABLISHEMENT OF COCOA 

AND COFFEE TREES AND FERTILIZATION OF FOOD CROPS
 

IWVITATION TO TENDER FOR THE SUPPLY OF: 

A/ AMIMONIUM SULFATE OR ANY OTHER SAME-TYPE SAME-EFFECT FERTILIZER. 

Al. Definitions and Technical Specifications
 

Supply of a fertilizer 
(Ammonium Sulfate) containing 21 % nitrogen per
 
gra.rme-moleCL:le without any isomer. 
The product will be a white-colored,
 
non-abrasive, crystalline powder that can be spread or sprayed, be well
 
absorbed by the roots when melt in the soil solution.
 

A light percentage in the region of APPM isomer could be tolerated.
 

A2. Packinc and Hand]inq
 

The product will be delivered in 50 Kg net-weight bags, waterproof and
 
double shelled. These 
 bags must absolutely be made of burlap or of 
polypropylene 
lined with polyethilene, sewn on 
the two edges. The bags will
 
be marked with the bupplier's name by means of 
a good quality, air-, water

and handling-proof stuff.
 

In addition to 
the usual supplier's information, the words 
 Ammoniun
 
Sulfate' fertilizer will be written 
on the bags.
 

A3. Quantity 

The quantitics to order 
will be determined by the Central Contracts
 

Department after review of the bids.
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A4. Price bids
 

The bidder will make price bids by 5 000 MT successive stages taking care
 
to stop at the level corre:sponding to his capacity. 

He will also have to indicate the validity period for his bids.
 
Tnus, the bids will be presented in the following way:
 

TLot of 
 5 000 MT price 

Lot of 10 000 LY" price
 

Lot of 15 000 MT 
 price
 

B/ N-P-K COMPlETE FERTILIzI'., 20-10-10 FORMULA, OR A;Y OTHER SAME-TYPE 

SAMR-'FFECT FEr112I ILRP. 

B]. Definitions Tec! ;c.and (,ecifications
 

Supply of fertilizers in a granular form 
 (non-agglomerated complete
 
20-10-10 fertili 
 :er, with rcspcctively 20 % nitrogccn, 10 % phosphorous acid
 
and 10 % potash 
 in the forrmla per 100 grUn product, solub]e in water and, in 
particular, in Soi]the solution. 

The nitrogen contents in the 20-10--10 formula must contain a portion in 
soluble amMnonium nitrogen or ai;m:nonium citrate. 

B2. Pack ing and }auJiinu
 
The product will be 
 delivered in 50 Kg net-weight bags, waterproof and 

double shelled. These bags must absolutely be made of burlap or of 
polypropylene lined with polyethilene, sewn on the two edges. 

The bags will be marked with the supplier's name by means of a good 
quality, air-, andwater- handling-proof stuff.
 

In addition to the usual supplier 
 information, the words "Ctnplete 
20-10-10 1-P-K fertilizer" will be clearly written on the bags. 

B3. Quantit.
 

The quantities 
 to order will be determined by the Central Contracts 
Department after review of the bids. 
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B4. Price bids
 

The bidder will make price bids by 5 000 MT successive stages taking care
 

to stop at the level corresponding to his capacity.
 

He will also have to indicate the validity period for his bids.
 

Thus, the bids will be presented in the following way:
 

Lot of 5 000 MT price 

Lot of 10 000 MT price 

Lot of 15 000 MT price 

Lot of 30 000 MT price 

V/ URR
 

Cl. Definitions and Technical Specifications
 

Supply of a fertilizer component containing at least 46 % N in the form
 

of amid. The product will be a white-colored, non abrasive crystalline
 

powder or in a granular form of varying color that can be spread and/or
 

sprayed (direct assimilation by the leaves). It may contain any other
 

fertilizing component.
 

C2. Pack:ing and Handling
 

The product will be delivered in 50 Kg net-weight bags, waterproof and
 

double shelled. These bags must absolutely be made of burlap or of
 

polypropylene lined with polyethilene, sewn on the two edges. The bags will
 

be marked with the supplier's oame by means of a good quality, air-, water

and handling-proof stuff.
 

In addition to the usual supplier's information, the words 1UREA 46 %1
 

will be clearly written on the bags.
 

C3. Quantit
 

The quantities to provide will be determined by the Central Contracts
 

Department after review of the bids.
 

C4. Price bids
 

The bidder will make price bids by 5 000 MT successive stages taking care
 

to stop at the level corresponding to his capacity.
 



Be will also have to indicate the validity period for 
his bids.
 

Thus, 
the bids will be presented in the following way:
 

Lot of 5 000 MT price
 

Lot of 10 000 MT price
 

Lot of 15 000 IMT price
 

Lot of 20 000 MT price
 

D/ N-P-K COMPLETE FERTILIZER, 20-10-10 FORMULA, OR ANY OTHER 
SAME-TYPE SA.E-EFFECT FERTIILZER 

Dl. Definitions and Technical Specifications
 

Supply of a fertilizer in 
a granular form (non-agglomerated complete
 
12-6-20 fertilizer, with respectively 12 % nitrogen, 
6 % phosphorous acid and
 
20 % potash in the formula per 100 gram prcduct, soluble in water and, in 
particular, in 
the ground solution.
 

The nitrogen content in the 12-6-20 formula -must contain a portion in 
ammonium nitrogen, 6 % P205 soluble phosphorous acid or ammonium citrate.
 

D2. Packina and Han]linc 
The product will bodelivered in 50 Kg net-weight bags, waterproof and
 

double shelled. 
 These bags must absolutely be made of burlap or of
 
polypropylene lined with polyethilen., sewn on the twu edges. 

The bags will be marked with the supplier's name by means of a good 
quality, air-, water- and handlir;'i- 1roof stuff.
 

In addition 
 to the usual supplier infornaticn, the words "N-P-K Complete
 
fertilizer' 
will be written on the bags. 

D3. Quantity
 

The quantities to order 
will be determined by the Central Contracts 
Depart;icnt 
after review of the bids.
 

D4. Price bids
 
The bidder will make price bids by 
 5 000 MT succe'ssive stages taking care 

to stop at the level corresponding to his capacity. 
He will alamo have to indicate the validity Period for his bids. 
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Thus, the bids will be presented in the following way: 

Lot of 5 000 MT price
 
Lot of 
 10 000 MT price
 
I,-, -, 15 000 MT 
 price
 

Lot of 20 00( P;T 
 price 
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II. CO.°.XON P:-Rc'.:S!CNS FOR ALL PESTICIDS: 
Each product will undergo an analysis made by 
a research organization
 

hired by the Technical Commission at the time of the technical acceptance.
 
This acceptance will be made by a competent Commission.
 

Durinc the acceptance there will be 
a sampling, the analysis of which
 
will aim at proving that the product's technical specifications are 
conforr-ant witn what was 
indicated on the Invitation for Bids.
 

The cost of forwarding and analysis of 
the sample will be borne by the
 

supplier.
 

III. GFNERAL C=:DTIO:,; OF T!E INV'ITATION FOR BIDS: 
Bidders are 
to submit bids to the Ministry of Computer Services and
 

Public Contracts, Central Contracts Department, Yaounde, in registred sealed 
enveloz marked 'Bids No concerning the supply of fertilizer.:. To be 

opened only in a bid opening session'.
 
They, should be received no later 
 than Auqust 20, 1985 at 17 hours, local 

time; after this deadline, no bids will be accepted.
 

The envelop which will be opened during the Comnission session should 

include:
 

1 - A dec2.ration stating the intent to bid by which the candidate e:pressly 
accepts all the conditions of this Invitation for. Bids and undertakes to 

adhere to them;
 

2 - A receipt from Treasury for the purchase of the bid documents; 
3 - A certificate of non-bankruptcy established by the Greffe du Tribunal de 

Premi.re Instance of 
the bidder's place of residence;
 
4 - Certification of a bank account in the name of the bidder; 

5 - A certificate of nationality; 

6 - A certificate from the manufacturer pledging to deliver the product to 
his representative in the Republic of Cameroon; 

7 - The bidders residing in Cameroon will provide also: 
a)- a prcof signed by the Director of Taxes certifying that the
 

bidder has filed the required declaration for taxes;
 

http:Premi.re
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b)-	 a certificate signed by the Director of National Fund for Social
 

Security and Workmen's Compensation Caisse nationale de
 

Pr6voyance sociale) certifying that the bidder has effectively
 

paid the sums he owes.
 

8 - Two sealed envelops: 

a)- the first envelop will bear the inscription 'Technical 

Specifications' and will include:
 

- an analysis certificate, a description of the product
 

established by the bidder and signed by him, concerning
 

especially the detailed technical characteristics about the
 

pioposed rert iliucrL,, 

- a copy of a technical report made by the Institute for
 

Agronomic Research (IRA) for the proposed formula and not for
 

the active component;
 

- a detailed description of the packaging.
 

b)-	 the second sealed envelop will bear the inscription "Price Offer'
 

and will include the prices submitted at least in duplicate and
 

provisional bid bond amounting to 10 % of the bid price of the
 

contract.
 

These bids will relate to products matching exactly the conditions of
 

this Invitation for Bids.
 

The bidder will remain bound by his bid for a period of 90 days from the
 

date of opening of the envelops. 

These price offers will be made in francs CFA, they will be firm and
 

without reservation and are understood to be CIF.
 

The global price offers will have to be broken down in order to show each
 

item making up the total price, with the corresponding cost - from the price
 

ex works to delivery store. 

In this breakdown everything must be listed: dity rights, taxes and
 

various costs related to the signing of 'he Contract. Two price offers will
 

then be made: 
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-
C.I.F. price under tackle in Douala
 
- C.I.F. delivery cost including all expenses.


These price bids will 
be made according 
to an average price any
 
destination.
Ariy bid ncn confo...r-nt ' t1no

A-y-bid nn 
 _i 
 all the stipulted conditions herein will not
 
be taken into acccunt.
 

IV. SA....::, : 
Sanp~es of the proposed product must be sent at 
the expense of the bidder
to the Direction de l'Agriculture in 
Yaounde against receipt no less than
three 'weeks before the date of bid opening for study and trials. These

samples must be in adequate quantity, that is in 50 Kg bags corresponding to 
the required packaging.
 

The sample shoud bear 
 very clearly the name and address of the supplier.
These samples will benot given back after analysis.
Failure to observe this condition leads 
to the rejection of the sample.
 

V. CC:A NCE :C 
The acceptance operations will be monitored by an appropriate
 

commission.
 
For mronitoring purposes, a sampling will be madeon chance bags duiring

the technical acceptance. This sa; ple will be, at the supplier's expense,
submitted to the Cameroon Mlinistry of Higher Education and Scientific 
Research laboratories for tests.
 

If a contestation should arise, a laboratory of arbitration wili be
designated by mutual agree;.ient by the Direction of Agriculture and the 
supplier.
 

Any dazaged bag will be rejected. Otherwise these replacemnts will giverise to the allowance provided for in case of delivery delay. 
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VI. BID BOND:
 

A bid bond calculated in the follo'jing way on the amounts of the contract
 

must be constituted within 20 days following the contract award as 
a
 
guarantee of the comnittments made by the successful bidder and will not be
 

refunded until the last supply acceptance. 

Less than 30 million: 2 % 

between 30 to 50 million: 3 % 

between 50 to 100 million: 4 % 

above 100 million: 5 % 

The Contractor shall be able to substitute a real personal bid bond with 

a peronal bond backed by A btnk ot financial institution in accordance with 
the terms defined in the official texts. 

VII. PAYMENT CONDITIONS:
 

The amount of the Contract will be paid to the Contractor according to
 

the following conditions:
 

l)- 30 % at the signing of the Contract;
 

this advance amount will have to be 100 % guaranteed;
 

2)- 40 % at the provisional acceptance upon presentation of the record
 

of provisional acceptance established in each delivery place;
 

3)- 30 %, i.e. the balance contingent or the conformity of the last
 

acceptance with the analysis bulletin of the sample and of the
 

packaging.
 

All payments will be in Francs CFA through a bank check payable to the
 

Contractor.
 

VIII. RETENTION:
 

There will be a 10 % per cent retention from each invoice.
 

This retention may be replaced by a personal bank bond made the same way
 

as the bid bond.
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IX. PENALTrES: 

a) Penalties for delay:
 

After 10 days, the Contractor shall be subject to a penalty deduction
 
equal to 1/2000th of the initial amount of the contract per calendar day of
 

delay up to and including the 
15th day, and to a penalty deduction egual to
 

1/1000th of the initial amount beyond a 15 day delay. 

Should the delay be more than a 
month, the Contract will be withdrawn.
 

This penalty will be retained from the amount 
due under the Contract.
 

b) Penalties for non-ccmoliance with the soecifications and technical
 

provisions: 
 -

For non-compliance with the specifications and technical provisions
 
provided in the contract, the Contractor will have to replace any product
 

which does nct come within the requirements with a product up the
to 

requirements in this Invitation for Tenders. 
 At the same time, he will have
 

to refund all the costs for 
the transportation of the fertilizers.
 

c) Penalties for Oanaces:
 

Spoiled fertilizers spotted at the place of delivery shall be 

considered as missing and penalized for 
delay.
 

X. STA>XPS AN;D PEGISTPATION E::PE':sS: 

Stamp costs and registration expenses for seven 17) originals sets of the
 
contract are 
to be borne by the Ccntractor in accordance with the Law.
 

It is reminded that this contract which is signed in order 
to execute a 

project under the Plan will be registered: 

- at the rate of 2 % if its financing comes from a domestic source; 

at a fixed registration price if its financing is external in pursuance 

of Articles 110 and 121 of the Registration Code.
 



XI. 	OPENING OF THE BIDS:
 

The bids will be opened in Yaounde by the Commission Centrale des March's
 

which will meet in private session.
 

Each contractor will have to make arrangements so as to avoid any delay
 

caused by the postal services.
 

No 	claim from the Contractor will be admitted on this account.
 

The 	analysis bulletin and the packaging descriptions will allow bids
 

deemed 	as technically insufficient to be rejected. 

No information will be released to competitors about the other offers. 

The Direction Centrale des March~s reserves the right to ask to the 

bidder after opening of tanders any further information it needs as well as 
zrie 	 right not to carry out the Invitation for Tenders if it deems it 

necessary.
 

XII. 	REGULATIONS:
 

For everything not contrary to the provisions of this Invitation for
 

Tenders, the execution of the contract is subject to the law in force. 

XIII. 	 BID DOCU:*"ENTS: 

They can be consulted: 

IN CAi"EROON, AT THE: 

l)- Central Contracts Department (Ministry of Computer Services 

amd Public Contracts); 

2)- Ministry of Agriculture (Department of Agriculture) 

Tel.: 23-28-48 YAOUNDE;
 

3)- Direction g~n!rale du FONADER 
- BP 1548 YAOUNDE
 

Tel.: 23-10-25 and 23-39-82.
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OUTSIDE CAmY p00!N: 

Cameroon Diplomatic Representatives at:
 
Paris, Bonn, Brussells, Rome, Moscow, London, Washington,
 
Amsterdam, Pe;rinl 
 Lagos, Ottawa, kladrid.
 



A N N E X 

DISTANCES BETWEEN DOUALA AND THE DIFFERENT 
PLACES INDICATED IN THE INVITATION FOR BIDS 

DOUALA - YAOUNDE............................. = 273 KM 

DOUALA - ABONG-MBANG (par Yaound_) .......................... 506 Km 

DOUALA - KUMBA ............................... = 126 Km 

nOUALA - v c.SrS,\SBA. . . 143 Km......................................... 


DOUALA - BAFOUSAM ........................................... = 226 Km
 

DOUALA - BAMENDA ............................................ = 346 Km
 

DOUALA -BANYO (par Bafoussam) .............................. 549 Km
 

DOUALA - NGAOUNDERE ......................................... = 890 Km
 

DOUALA -GAROUA ............................. = 1 200 Km
 

DOUALA - MAROUA ..................................... ...... = 1 399 Km
 



APPENDIX H
 

Prototype Product Specifications
 



MID Small Business Memo 
Trade Inforrmtion for American Suppliers 

Lssod By
 

D~EPARTMFNT OF STATE 
Agency for Intonmfiwwl Dovelopnont,OfOca of Smal Bu~nm 

Washington, .C 02 Area Code 703 235-9156 

SBM 82-3
 
September 7, 1982
 
(Supersedes SBM 77-3)
 
(M/L: 8-23)
 

AID 	 FIBTILIZER SPECIFICATICHS 

The 	 following specificaticns supersede the product and packing specifications 
for 	fertilizer ccntained in UTi--jecn6y for International Development (AID) 
CaTmrodity Eligibility Listing, (TN-,15:54) dated January 1, 1981, pages 61-92, 
rd SFM rio. 77-3 dated August 12, 1977. This revision includes minor changes 

in fertilizer speciftcations and significant additions to the inspection 
section. 

******* ** ******** ** 

I. 	FERTILIZER - =J1RAL 

A. 	AID finar-ing for fertilizers normally is limited to products of U.S. 
source (000). From time to tire_, lack of access to requirements for 
specific products and/or other exigencies may necessitate off-shore 
procuremnent of limted quantities. For each purchase from a non-U.S. 
source, prior apprcval of the specific product, quantity, and source 
is required frau ALD/W - SFI/CC'. 

B. AID finances only those fertilizers ,fhich conforn to product and 
bagging specificaticr ,approved by AID. 

C. 	Fertilizers conforming to the prcdut specifications listed alpha
betically (Part IV) Cnd with baggirg specLficiations (Part V) are 
considered eligible. All fertilzer-s are subject to special 
provisicrLs 42. 

D. 	Requests for fertilizers not covered by the specification herein may
be submtted through the U.S. AID Mission for review and possible appro
val by AID/w - SER/CcoC. All such requests nust contain details covering
the proposed product and/or bagging specificaticns and should justify 
the need for such material. 

E. All invitation for bid covering fertilizers Must be approved by AID/W

SEP/CCM4 before official publication and/or release to the trade. 



-2-


II. EVALUATION
 

A. 
Single-Nut riet Fertilizers
 

Fertilizers will be evaluated 
on the basis of the minimum guaranteed
analysis in increments of one unit of Plant Nutrient (PH); e.g.,triple superphosphate rangIng from 46.00% 
to and including 46.99%

P20 will be evaluated 
as 46%.
 

B. Multinutrient Fertilizers
 

Fertilizers must be guaranteed and will be evaluated only on 
the
basis of the analysis requested in the Lender; e.g., 18-46-0be evaluated as will18% nitrogen and 46% 
P.05 or a total of 
64 units of

Plant Nutrient.
 

III. DISCOUNTS 

A. 
Rates of Discount
 

When a shipment fails to meet the grade of Plant Nutrient as guaranteed, 
the following discount schedule will apply:
 

AdjustmentDeviation 
from Guaranteed Analvsis 
 Factor
 

When the deficiency of any nutrient
 
guaranteed 
is 0.5 units or less. 
 0
 

When the deficiency of any nutrient
 
guaranteed is 
more than 0.5, but less
 
than 1.0 units. 


2
 

When the deficiency of any nutrient
 
guaranteed 
is 1.0 units or more 
 3
 

The above discounts will apply 
to 
each nutrient guaranteed. No
allowance will be niade for excess 
over guarantee of one nutrient 
to
 
Plant Nutrient value will
 

balance deficiency of another nutrient. 

be calculated 
on the basis of the contract price per 
ton of material.
 

B. Examolesof Comutation 

1. Analysis of triple sliperphosphate guaranreed by46% on a lot the bidder isof 1,000 tons priced at $175 per ton. Upon testing,the Plane Nutrie'nt content was found to be 45.2% viz.,was deficiency46.0 - 45.2 = 0.8 of a unit. Price adjustment (discount) iscomputed as follows: 0.8 (unit deficiency)
factor) times 2 (adjustmenttimes $3.80 (Plant Nutrient value equals $175 divided46), times 1,000 (number of ton.s) 

by
equals $6,080 (di5-count).

rKIC7': "Price'' tor ciilciuiting di ,;cctit is Lulit lanidW cO;t atfor-C ill destlrici oll . 
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2. 
Analyses of 16-16-8 granular mixed fertilizer guaranteed by

the bidder are 16% N, 16% P20,, 
and 8% K10 on lot of 5,000
 
tons priced at $160. 
 Upon testing, the Plant Nutrients
 
were found to be 15.3% N, 16.1% P20, and 8.8% KtO, viz., 
deficiency was 
16.0 - 15.3 equals 0.7 of a unit of N. Although

both P,O, and K2 0 exceeded guarantee, no allowance is made for 
these excesses to balance -the deficiency in N. Price adjust
ment (discount) is computed as 
follows: 0.7 (unit deficiency)
 
times 2 (adjustment factor) times $4 (Plant Nutrient value 
equals $160 divided by 40), times 
5,000 (number of tons)
 
equals $28,000. NOTE: "Price" 
for calculating discount is unit
 
landed cost at 
foreign destination.
 

C. Discount for Exceedinr Chlorine Tolerance
 

in Potassium Sulfate
 

Chlorine tolerance of 0.5'., above specifications will be permitted
 
without penalty. For every 0.5% in 
excess of this tolerance, a
 
discount of 5% of the computed contract cost will be charged.
 

D. Non-Nutrient Deficiencies
 

Non-nutrient deficiencies include deficiencies in specified physical

condition, packaging, labeling, particle size, 
moisture content, and
 
others.
 

If, after inspection, the fertilizer is determined by the purchaser 
at the port of loading :o be so deficient as to be unacceptable, the 
purchaser may decline to 
accept the commodity and exercise appro
priate legal rcmedies. If, 
however, in spite of deficiencies the
 
purchaser determines to accept the cotmodity, the purchaser shall be 
entitled, in any event, to a reasonable adjustment in the quoted 
landed cost for forelgjn dc'tlnation. 
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IV. AID-APPROVED FERTILIZER SPECUFCATTONS 

A. .ONIU. NITRATE, - 33.5% GRADE (Schedule B. No. 4-0.6510) 

Soecification
 

Nitrogen content, total ... ...... 33.5% as N, minimum 
Moisture content o. .......... 0.3% as 1120, maximum 
Coating ... . ............. 2.5,%, minimum 
Organic matter ... ............. 0.1%, maximum
 
Screen size (Tyler) .. ........ . minimum, 90.0% -6+16 mesh,
 

100.0% -4 mesh, 98% +28 mesh;
 

Physical condition .. ......... 
... 	 Prills or granules,
 
free-flowing, non-caking
 

Analvtical Methods for Oualitv Control
 

Chemi cal 	 AOAC No. 

Nitrogen, total ......... ... 2.068
 
Moisture .. ........... 
 2.013
 

Physical TFI No.
 

Sieve 	 analysis . ........ IV. A.
 

A ,NIUM NIT7.ATE, - PASE STABILIZED (Schedule B, No. 480.651O) 

Specification 

Nitrogen content, total . ...... .. 34.3% as N, minimum 
Moisture content .. .......... . 0.5% as H70, maximum 
Stabilizer or additive ... ....... 1.0%, 
 maximum 
Organic matter . .......... 0.%", maximum 
Screen size (Tyler) . ........ . minimum 90.0% -6+16 mesh, 

100.0% -4 mesh, 98% +28 mesh; 

Physical condition .. ......... 
 Prills or granules,
 
free-flowing, non-caking
 

Analytical Methods for Oualitv Control
 

Chemica 1 AOAC No. 

Nitrogen, total .... ........ 2.068
 

Moisture .............. 2.013
 

Phs,ical 	 TFI No. 

Sieve 	 analysis . ....... .. IV. A.
 



AMMONIUM SUnFAIE, STANDARD 


Specification
 

Nitrogen content .... ....... .
 
Free acid content .. ......... .. 


Moisture content . ..........
 

Screen size (Tyler)......... .
 

Physical condition . ......... 


(Schedule B.No. 4bU.o525)
 

20.5% as N, minimum
 
0.10% as H2 SO4 , maximum
 

1.0% as H 2 0, maximum
 

minimum 90.0% -6 mesh,
 

Co-g5 crystalline or
 

granular, free-flowing
 

Analytical Methods for Oualitv Control
 

Chemical AOAC No., or as noted
 

Nitrogen .. .............. 2.065 
Free acid .. .......... . Titration of 10% solution 

to methyl red end point 
with 0.1 N NaOH a 

Moisture .. ........... ... 2.012, dry at 129--131-C to 

constant weight 

Physical TFI No.
 

Sieve analysis ......... . IV. A.
 

a Reagent Chemicals and Standards, 5th Edition, Joseph Rosin, D. Van
 
Nostrand Co. Inc., Princeton, NJ
 

AMMONIUM SULFATE, GANULAR 


Specification
 

Nitrogen content .......... 

Free acid content .. ........ .
 

Moisture content .. .......... .
 
Screen size (Tyler) . ....... .. 


Physical condition .. ......... ... 


(Schedule B.No. 480.b525)
 

20.5% as N, minimum
 
0.10% as H2SO, maximum
 

1.0% as H20, maximum
 
minimum 90.0% -6 +16 mesh,
 

100.0% -4 mesh, 98%
 
+28 mesh
 
Coarse, crystalline or
 

granular, free-flowing
 



.:Luc -d ........... Tiration of 10% solution 
to methyl red end point 
with 0.1 N NaOHa 

Moisture ........... 2.012, dry at 1290 -1310C to 

constant weight
 

Physical TFI No. 

Sieve analysis ........ IV. A.
 

a Reavent Chenicals and Standards, 5th Edition, Joseph Rosin, D. Van
 
Nostrand Co., Inc., Princeton, NJ
 

URFA, - 45% GRADE (Schedule B.No. 4eO.OO) 

Specification
 

Nitrogen content .. ......... . 45.0% as N, minimum
 
Coating (clay, kieselguhr,
 

talc, etc.) ......... . 1.0%, minimum
 
Biuret content ... .......... . 2.0%, maximum
 
Moisture content .. ............ 0.5%, as H20 maxLnum
 
Screen size (Tyler) . ........ . minimum 90.0% -6+16 mesh,
 

100.0% -4 mesh, 98% +28 mesh!
 

Physical condition .. ........ Prills or
. granules,free
flowing, non-caking
 

Analytical Methods for Quality Control
 

Chemical 
 AOAC No.
 

Nitrogen .. ........... . 2.055, 2.056, and 2.057
 
Biuret ... ............ . 2.032, 2.083, and 2.084
 
Moisture ... ......... . 2.013
 

Physical TFI No.
 

Sieve, analysis .. ........ . IV. A.
 



- 46% GRADE 	 (Schedule B. No. 4dO.3.UX) 

Specification
 

Nitrogen content ... ............. 46.0% as N, minimum
 
Chemical Conditioner'
 
Methylenediurea (a product of the
 
addition of a formaldehyde
based additive) ... .......... . 0.2% HCHO equivalent, minimum
 

Biuret cont'nt .... ........... ... 2.0%, maximum
 
Moisture content ... ........... ... 0.5% as H20, maximum
 
Screen size (Tyler) .. ......... . minimum 90.0% -6+16 mesh,
 

100.0% -4 mesh, 98% +28 mesh;
 

Physical condition ... ........... 	 Prills or granules, free
flowing, non-caking
 

Analytical Methods for Oualitv Control
 

Chemical 	 AOAC No., or as noted
 

Nitrogen ..... ............... ...	 2.055, 2.056, and 2.057
 
Biure. . .... ................ ... 2.082, 2.083, and 2.084
 
1Moisture ..... ............... ... 2.013
 
Mechylenediurea .... .......... . Chromotropic acid
 

Physical 	 TFI No.
 

Sieve analysis ... ...............	 IV. A.
 

a Forialdehvde, 3rd Edition, J. F. Walker, ACS Monograph, Reinhold 
Publishing Corp., New York, NY
 

URZA, - 46% N, LOW BIURET 	 (Schedule B. No. 4bO.3C00) 

Soecification
 

Nitrogen content ..... ........ ..46.0% as.N, minimum
 
Chemical conditioner
 

Methylenediurea (a product of the
 
addition of a formaldehyde
based additive)... ........... .. 0.2% HCHO equivalent, m.nimum
 

Biuret content .... ............ .1.07, maximum
 
Moisture content .... ........... .0.5% as 11,0, maximum
 
Screen size (Tyler)..... .......... minimum 90.0% -6+16 mesh,
 

100.0% -4, 98% +28 mesh;
 

Physical condition .... .......... .Prills or granules, free
flowing, no'n-caking
 

http:4dO.3.UX
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Analytical Methods for Quality Control
 

Chemical 
 AOAC No., or as noted
 

Nitrogen 
.	 . .... ......... ... 2.055, 2.056, and 2.057
Biuret .... ............ ... 2.082, 2.083, and 2.084
 
Moisture ... ............... 2.013
 
Methylenediurea ........ Chromotropic acida
 

Physical 
 TFI No.
 

Sieve analysis .... ........ I'. A.
 

a 	Formaldehvde, 3rd Edition, J. F. Walker, ACS Monograph, Reinhold 
Publishing Corp., New York, NY 

DI.kM!ONIUM PHOSPHATE, GRAULAR 18-46-0 GRADE 
 (Schedule B. No. 460.dOO5) 

Soecification
 

Nitrogen content (nitrate free). 
 18,0% as N, minimum
 
Urea nitroven .. 1.5 as 
N, maximum
 
Phosphorus content
 
Available ..... 
 ............. .46.0% 
as P2 03, n
 
Water soluble............39.1% 
as P205 , minimum
 

Moisture content ..... 
 ........... 2.0% as H0, maximum

Screen size (Tyler)..... ......... minimum 90.0% -6+16 mesh,
 

100.0% -4 mesh,
 
98% +28 mesh
Physical condition ........ 
. . . .. 	 Granules, free-flowing, non

caking
 

http:soluble............39


Analytical Methods for Quality Control
 

Chemical AOAC No.
 

Nitrogen .. . ........ . 2.055, 2.056, and 2.057
 
Urea ... .................. 2.080 and 2.081
 
Phosphorus
 

Total .... ........... . 2 .026c, 2.027, and 2.028b
 
Citrate insoluble . ...... .. 2.044, 2.045, and 2.046
 
Available ... .......... . 2.048
 
Water soluble .. ........ .. 2.040 and 2.041
 

Moisture ... ............... 2.013
 

Physical TFI No.
 

Sieve analysis .. ........... IV. A.
 

MONOANONIUN PHOSPFUTE, GRANULAR 11-48-0 GRADE (Schedule B. No. 480.-bO15)
 

Specification
 

Nitrogen content (ammoniacal) .... 11.0% as N, minimum 
Phosphorus content
 
Available .... ............. ... 48.0% as P205 , minimum
 
Water soluble ... ........... ... 40.3% as P2 01, minimum
 

Moisture content ... ........ .. 2.0% as H.0, maximum
 
Screen size (Tyler) .. ........... minimum 90.0% -6+16 mesh,
 

100.0% -4 mesh,
 
98% +28 mesh
 

Physical condition .. ......... . Granules, free--flowing, non
caking
 

Analytical Methods for Quality Control
 

Chemical AOAC No.
 

Nitrogen, ammoniacal .. ....... . 2.065 
Phosphorus 
Total ..... ............... ... 2.026c, 2.027, and 2.028b 
Citrate insoluble ... ....... ... 2.044, 2.045, and 2 .046a 
Available .... ............. ... 2.048 
Water soluble ... ........... ... 2.040 and 2.041 

Moisture ..... .............. . 2.013 

Physical TFI No.
 

Sieve analysis .... .......... . IV. A.
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YONOA-ONItU PHOSPnATF GRANLkR 13-52-0 GRADE (Schedule B No. -0.bul _) 

Specification
 

Nitrogen content (an niacal) . . . 13.0% as N, minimum 
Phosphorus content
 
Available . . .
. . . . . . . . 52.07 as P20, minimum 
Water soluble .............
..
Moisture content 44.2% as P20,, minimum
 

. . . .. . . . . 2.0% as %0, maximumScreen size (Tyler) . . .. . . . minimum 90.0% -6 +16 mesh, 100.0Z
 
-4 mesh,Physical condition . . . 

98% +28 mesh . . . . . Granules, free-flowng , non-caking 

Analytical Methods for Qualit 7 Control 

Chemical 
 AOAC No.
 

Nitrogen. ammoniacal . 2.065 
Phosphor ,s

Total ... .......... 
 .. 2 .026c, 2.027, and 2.028b
Citrate insoluble ..... .
 2.044, 2.045, and 2 .046a
 
Available 
 ......... 
 2.048
 
Water soluble ... 
 ....... 2.040 and 2.041
 

Moisture ............. 
 2.013
 

Physical 
 TFI No.
 

Sieve analysis . . . . . . . . V. A. 



MO~oAM~0N. I1J PHOSPHATE,1 RANULAR 11- GA (Schedule B. No. 4 O.8015) 

Suecification
 

Nitrogen content (almoniacal) .... 11.0% as N, minlmu 
Phosphorus content 

Available .... ............ 52.0% 
as P2 0,, minimum 
Water soluble . .. 
 ...
. . . 41.6% as P 20,, minimum 

Moisture content ... .......... 
 2.0% as H20, maL-M

Screen size (Tyler) .......... . .minimum 90.0Z -6+16 mesh,
 

100.0% -4 mesh,
 
98% +28 meshPhysical condition .. ......... 
 . Granules, free-flowing, non-caking 

Analytical Methods for Quality Control
 

Chemical 
 ADAC No.
 

Nitrogen, ammoniacal ........
... 2.065
 
Phosphorus
 

Total.... ............. ... 2 .026c, 2.027, and 2.028b
 
Citrate insoluble ....... 
. 2.044, 2.045, and 2.046a
 
Available ... 
 .......... .
 2.048
 
Water soluble .. ........ . 2.040 and 2.041
 

Moisture .... 
 ........... ...
 2.013
 

Physical 
 TFI No.
 

Sieve analysis . . . . . IV. A.. . . . 

MONOA,%--0NYIM PPOSPHAT. 
RMI-OF-PILE 10-50-0 (Schedule . No. 480.C15)
GRADE 

Soecification 

Nitrogen content*(ammoniacal) 
.... 10.0% as N, minimum
 
Phosphorus content*
 

Available .... 
 ............. 
 ... 50.0% as P,09, minimum 
Water soluble ... ........... ... 42.5% as P20,, minimum


Moisture content . .. ......... . 2.0% as H20, maximum

Screen size (Tyler) ... .......... .miimum 90.0% -6 mesh;
 

Physical condition .. ......... 
 . Free-flowing, non-caking 



Analytical Methods3 for Quality Control 

Chemical AOAC No. 

Nitrogen, ammoniacal ...... 2.065
 
Phosphorus
 
Total .... .......... 2 .026c, 2.027, and 2.028b
 
Citrate insoluble .. ..... 2.044. 
 2.045, and 2.046a
 
Available ... 
 .......... 
. 2.048
 
Water soluble ............. 2.040 and 2.041
 

Moisture ...... 
 ..... . . . 2.013 

Phvsical 
 TFT No.
 

Sieve Analysis .. ......... ... IV. A.
 

* Nitrogen and P,05 specifications on dry basis
 

TIRIPLE SUP..... CSPATE, GRANULAR (Schedule B No. i.80.7=OO) 

Soecification
 

Phosphorus content
 
Available 
.. ......... 
 ...... 44.0 to 4 6 .a 
a
Water soluble .... ........... 75...of guaranteed P 2 0,, minimum
Free acid content ... .......... . 5.0% as 
nP0, maximum
 

Moisture content . ..... 
 ......... 
 4.Dj Da ILQ±. maximuScreen size (Tyler) ........... ... minimum 90.0% -6+16 
 mesh, 
100.0% -4 mesh, 98% +28 mi 

Physical condition .. ......... 
.. Granules, free-flowing, non-caking
 

Analytical Methods for Quality Control
 

Chemical AOAC Ito. or as noted 

Phosphorus

Total ...... ........... 2.0 26c, 2.027, and 2.028b
 
Citrate insoluble ....... 
. 2.044, 2.045, and 2 .04 6a
 
Available .. ............. 2.048
 
Water soluble ............. 2.040 and 2.041
 

Free acid ..... ........... No. 16 Section XI (AFPCb )
 
Moisture .... ............. 2.013
 

Physical 
 TFI No. 

Sieve analysis . . "... IV. A. 

a Offers should be made on guaranteed minimum and they will be evaluated on basis
 
of lowest landed cost of P2 03
 
Associacicn of Floridj Phn. he iPCh,-s4 Analvtlccal _1ethDd_, 6th Edition (1980) 
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TRIPLE SUPERPHOSPHATE, RUN-OF PILE (Schedule B. No. 4b0.7050) 

Specification
 

Phosphorus content
 
Available ............ 44.0 to 46.0.aas P205, minimum
 
Water soluble ........... 75% of guaranteed P203, minimum
 

Free acid concent . .. ........... 5.5% as H3P04, maximum
 
Moisture content . .. 
 ......... 
 . 6.0% as R2O, maximum

Screen size (Tyler).. .......... minimum 90.0% -6 mesh 
Physicai condition . . . . . . . . . Free-flowing, non-caking 

Analvtical Methods for Oualitv Control
 

Chemical 
 AOAC No., or as noted
 

Phosphorus
 
Total .... ........... . 2 .026c, 2.027, and 2.028b
 
Citrate insoluble ....... . 2.044, 2.045, and 2 .046a
 
Available ... .......... . 2.048
 
Water soluble .. ....... . 2.040 and 2.041
 

Free acid ........... No. 16 Section XI (AFPC')

Moisture.... ........... 
 .. 2.013
 

Physical TFI No.
 

Sieve analysis .. ........... IV. A.
 

a Offers should be made on guaranteed minimum and they will be evaluated on basis 

of lowest landed cost of P303
 
b Association of Florida Phosphate Chemists, Analytical Methods, 6th Edition (1980)
 

POTASSIUM CHLORIDE, STANDARD (Schedule B.No. -8U.5O) 

Specification
 

Potassium content, soluble 
 .... 60.0% as K20, minimum 
Moisture content ... .......... 0.5% as H20, maximum 
Screen size (Tyler).. ......... ... 90.0% -10 mesh, minimum 
Physical condition ... ......... .Free-flowing, non-caking 



Analytical Mthod:i for Qu.ilit, CotcruL 

Chemica AOAC No.
 

Potassiu, soluble ...
......... 2.102, 2.103, and 2.104
 
HIoistur.. ................ 2.012, dry at 129' -1310 C for
 

five hours
 

Physical TFI No.
 

Sieve analysis . . . . . . . . . IV. A. 

POTASSI.M CHLORIDE, COARSE (Schedule B No. .t3O.5CCO) 

Speci floation 

Potas:3iun1 content, soluble ...... .. 60.0% as K 2 0, minimum 
Moisture concnc. .. .......... . 0.5Z as R20, maximula 
Screen size (Tyler) .. ......... ... 90.0% as -6+28 mesh, minimum 
Physical condition .. ....... .. Free- f lo%-ing 

Analytical M!ethcas for Oualitv Control 

Ch,,e-ical AOAC No.
 

Potassium, soluble ......... .. 2.102, 2.103, and 2.104
 
HOifsCure................... .2.012, 
 dry at 129' -131*C for
 

five hours
 

Phvsic:il ITI No. 

Sieve analysis ........ IV. A.
 

POTASSIUM CHLORIDPL G?\NL'JkR (Schedule B. 1o.. CC) 

S2ecifJcat ion 

Potassium content, soluble ...... .. 60.0% as minimumK2 0, 
Mofoifturo content. ................... 0.5 as H,
Screen i ,e (Tyler) .... ......... ininimum 90.0% -616 mesh, 100.0% -4me 

98% +28 mesh 
Physical condition ... ........ granular, fre'--flo-.,in ' 



Analytical Methods for Quality Control
 

Chemical 	 AOAC No.
 

Potassium, soluble ........ ...	 2.102, 2.103, and 2.104
 
° 
Moisture .... ........... ...	 2.012, dry at 129 -131°C for
 

five hours
 

Physical 	 TFI No.
 

Sieve analysis ......... 	 IV. A.
 

POTASSIUM NITRATE, GRANULAR 	 (Schedule B. No. 480.7 cW)
 

Suecification
 

Nitrogen content ... .......... . 12.0% as N, minimum
 

Potassium content, soluble ...... . 44.0% as K20, mimimum
 

Moisture ..... .............. . 0.3% as H2 0, maximum
 

Screen size (Tyler) .. ........... minimum 90.0% -6+16 mesh,
 

100.0% -4 mesh,
 
98% +28 mesh
 

Physical condition .. ......... . Granules free
flowing, non-caking
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Analvtical Methods for Quality Control
 

Chemical 


Nitrogen . . . . . . . . . . . .
 
Potassium, soluble ........
...
 
Moisture ... ........... ... 


Physical 


Sieve analysis ... ......... 


POTASSIUM SUL'ATE, STA1NDARD 


Soecif±cation
 

Potassium content, soluble 
 .....
 
Moisture content .. .......... .
 
Chlorine content .. .......... .
 
Screen size (Tyler) .. ......... ...
 
Physical condition ......... 


Analvtirc', Mthcd C'ualit.: Ccntrol 

Chemical 

Potassium soluble . ....... .
 
Moisture ..........
 

Chlorine ... ........... ... 


Physical 


Sieve analysis .. ......... ...
 

POTASSIUM SULFATE, GRANMlR
 

Soecifi.cation
 

Potassium content, soluble .. 
 ..... 
Chlorine content .. .......... 

Moisture content .. .......... .
 
Screen size (Tyler) .......... ... 


AOAC No.
 

2.068
 
2.102, 2.103, and 2.104
 
2.012, dry at 1290 -131*C to
 
constant weight
 

TFI No.
 

IV. A.
 

(Schedule B. No.48O.5400)
 

50.0% as K20, minimum
 
0.5% as 920, maximum
 
2.5% as Cl, maximum
 

90.0% -10 mesh, minimum
 
Free-flowing, non-caking
 

AOAC No.
 

2.102, 2.103, and 2.104
 
2.012, dry at 1290 -1310 C to
 
constant weight
 
2.119 and 2.120
 

iT No.
 

IV. A.
 

(chedule B. No. 480.54CO)
 

50.0% as K 20, minimum
 
2.5% as CI, maximum
 
0.5% as 110, maximum
 
minimum 90.0% -6+16 mesh,
 

100.0% -4 mesh,
 
98% +28 mesh
Physical condition .. ......... 
. Grnular, free-flowing
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Analytical Methods for Quality Control 

Chemical AOAC No. 

Potassium, soluble ........ ... 2.102, 2.103, and 2.104 
Moisture .... ............ 2.012, dry at 1290 -131*C to 

constant weight 
Chlorine ... ............... 2.119 and 2.120 

Physical TFI No. 

Sieve analysis .... ......... IV. A. 

SULFATE OF POTASH-MAGNESIA, STANDARD (Schedule B. No. 4bO.7500)
 

Specification
 

Potassium content, soluble ..... 21.0% as K 20, minimum
 
Magnesium content, water soluble 18.0% as MgO, minimum
 
Sulfur content .... .......... . 22.0% as S, minimum
 
Chlorine content .. .......... . 2.5% as Cl, maximum
 
Moisture content .. .......... . 0.5% as H20, maximum
 
Screen size (Tyler) .. ......... ... 90.0% -10 mesh, minimum
 
Physical condition .. ......... . Free-flowing, non-caking
 

Analytical Methods for Quality Control
 

Chemical AOAC No.
 

Potassium, soluble .. ..... ... 2.102, 2.103, and 2.104
 
Magnesium, water soluble .... 2.138
 
Sulfur total .. ............. 2.AOa
 
Chlorine ... ............ ... 2.119 and 2.120
 
Moisture ... ............... 2.012, dry at 1290 -131*C for
 

five hours
 

Physical TFI No.
 

Sieve analysis .. ......... ... IV. A.
 

a Journal of AOAC, 63, No. 4, 854-58 (1980)
 



SULFATE OF POTASH-MAbCNESIA, GRANULAR (Schedule B. No.4bO.750() 

Stecification
 

Potassium content, soluble ........ .. 21.0% as KZ20, minimum
 
Magnesium content, water soluble . . 18.0% as MgO, minimum 
Sulfur content .... ............ 22.0% as S, minimum 
Chlorine content ... ........... ... 2.5% as Cl, maximum
 
Moisture content ... ........... ... 0.5% as 1120, maximum
 
Screen size .... ............. . minimum 90.0% -6 +16 mesh
 

100.0% -4 mesh,
 
98% +28 mesh
 

Physical condition.......... Granular, free-flowing
 

Analytical Methods for Quality Control
 

Chemical AOAC No.
 

Potassium, soluble ....... 2.102, 2.103, and 2.104
 
Magnesium, water soluble . . . 2.138
 
Sulfur ... ............ . 2.AO1
 
Chlorine .. ........... . 2.119 and 2.120
 
Moisture .. ........... . 2.012, dry at 1290 -131 0C for
 

five hours
 

Physical TFI No. 

Sieve analysis. ........ IV. A.
 

a Journal of AOAC, 63, No. 4, 854-58 (1980)
 



GRANrLAR MIXED 
(C21I1CALLY OR 

FE-RT1LIZE-R: 
PHYSICALLY 

()()()GRADE 
iI7CED) (Scnedule B. No. 480.8025) 

Specification 

Nitrogen con tent.. .. . . . . . _ as N, minimum 

as N 

Ammoniacal nitrogen . . . . . 

Nitrate nitrogen . . . . .... 

Urea nitrogen . ........ 

Organic nitrogen . . ..... 

Ava:lable phosphorus content .. 
Potassium content ........ 
Secondary and =icronutrients 

. 

... 
. 

. % P20 , minimum 
%"K2O, minimum 

Element Z 

Moisture content ... . . . . . . . . % 1120, maximum 

Anticaking conditioner 
% minimum 

(Type) 

Screen size (Tyler) minimum 90% -6+16 mesh, 

100% -4 mesh, 
98% +28 mesh 

Physical condition ............. . Granules, homogenous, free
flowing, nonsegregacing, non-cakin( 

Tender to specify chemical or physical mix. If urea is included in physical 
mix, superphosphate or nitrates must not be included. Physical mixes must 
be made tih due regard to particle size matching of ingredients. 
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Analytical Methods for Quality Controt
 

Chemical 
 AOAC No.
 

Nitrogen

Total ........... 
 .2.059 and 2.060, or 
2.063 and 2.064

Az=oniacal ... 
 .......... 1.2.065
 
Nitrate .... 
 ........... .2.069
 
Urea ... . .. 
 ........... .2.080 
 and 2.081
 

Phosphorus
 
2
Total ...... ............ 
 .0 26c, 2.027, and 2.028b
Citrate insoluble ... 
 .... .2.044, 2.045, and 2 .046a
 

Available .... 
 .......... .2.048
 
Potassium, soluble .........
.2.102, 2.103, and 2.104
 
Secondary and micronutrients
 
Calcium ..... 
 .......... .2.121
 

a
Sulfur ...... ............ 2A0
 
Copper, iron, magnesium,
 
manganese, and zinc 
 .... 2.109-2.113.
 

Boron ..... ............ .2.C1-2.C04
 
Moisture .... 
 ............ .2.013
 

Physical 
 TFI No.
 

Sieve analysis .... ......... IV. A.
 

a Journal of AOAC, Volume 63, No. 4, 854-58, (1980)
 
b Journal of AOAC, Volume 65, No. 2, 450-51, (1982)
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V. AID - Aooroved baoina S oL.cL! Ic;.1ticns - Fertilizers 

A. Outer Baas 

1. Polypropylene Bags 

a. Capacity 

50-kg net or 10-lb net 

b. Fabric 

Bags shall be made of 1=0,. ultraviolet-stabilized polypropy
lene resin with a weiciht of not less than 2.6 oz. per square 
yard and possess the properties described folloing test 
,rethccLs. The colcr shall be light tan or beige. A colored 
identificaticn marker (yam) shall be inserted in the weave 
by tne fabric maufactur-r. The identificaticn marker is 
to be repcrted to kID. 

The fabrIc 
shall be a 

fomim the top 
tucked selvedge 

or 
or 

bottcon of 
a natuaral 

the fuznished bags 
selvedge contain

irg not less thw-, the nunber of ends prevalent in the body 
of t!he fabric. kiternatively, the selvedge may be heat 
cut ano fonr.ed a Tanmn of 1-inch .ride with a mininTrn 
of 20 .arp threads per inch. 

The fabric mu-Lst be .;oven to a constricticn tight enough 
to preven-t excessi.ve product sifting in the event bag 
liner failure c-c-urs. The bottcm seam is to be flat sewn 
in accordc.are .itn Federal Standard 751a, SSa-I, regardless 
of heat cu: cr tucked selvedge fabric. The side seam 
"E-pcrt Tpe ' ' shall be In accordance with Federal Standard 
751a, SS-d-1. Baus shall be turned so seams are inside. 
The sewing thread shall be U.V. stabilized, polypropylene 
ncninal ICO denier with test strength of 5 grams/denier. 
There is no thread color recquirm-nent. 

c. Test MethcdIs 

Ultraviolet stabilitI test: Material and thread must have 
not less than 70,' strength retenticn after 200 hours exposure 
in weathercmeter. The U.V. testing weathercneter exposure 
method is 5804 Federal Standard 191. 

Tensile Strenuth: Strength warp and fill, each 105 lbs. 
average. (10 sa-ples shall be tested in each direction) with 
no single test below 90 lbs.) ASTM Method D-1682 (Grab Method) 

Penrrea)ilIty: Air perneability of the fabric in an unstressed 
state should not exceed 1(X cubic feet per minute per square 
foot. ASTM Method D737-75. 
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2. 	 Jute Bags 

a. 	Capacity
 

50-kg net or 100 lb. net 

b. 	 Fabric
 

New fabric shall weicht 9 ouzces 
per square yard (305 grams 
per square meter) 11 	 porter into 12 shot Hessian, or heavier. 

B. 	 Liner (Irner Baq)
 

Inner loose tubular liner shall be of 4 
 ml 	 polyethylene film. The
liner shall be heat-sealed at the bottm. 
The film shall be of low
 
slip plastic.
 

Test 	NMethods 

1. 	T lckress--.ATI".1, D374.. 4-,i polyethylene film. 

2. 	Inpact resistance--AS'11, D1709. An impact failure weight of 
165 g. 

3. 	Kinetic coefficient of friction--AS"IN, B1894 (kinetic
coefficient of friction 0.8 m/s 	maxinun.) 

C. 	 *,Iethcds of Cicsure 

1. 	Outer Bag
 

Tcp seem stitching slall be a minnn of one inch fran the
selvedge. the sewing thread shall be 200 	hcurs U.V. stabilized,
polypropylene ncninal iCO 	 denier 'ith test strength of 5 grams
per 	deruer. There is no thread color reqtuarert. The outer bag
shall be 	 se.%n above--not: to the lner. 

2. 	Liner
 

The polyethylene 
 liner shall be closed at the tcp by one of the 
following methods after exhausting the excess air: 

a. 	Heat sealing
 

b. 	Mechanically applied acid resistant clip of 0.150 inch minim=
 
diameter (9 gauge) ccnletely circling the polyethiylene liner 
to heretically seal it. 

c. 	 Mechanically applied bag tie 41 inches long, plastic-covered
wire with a 3/8 inch inside locp en each end. The %ire shall
be a ninimun of 17 gjuge before being covered withi plastic to 
a mini nmn of Ib gaugc . 
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d. 	 For valve type bag, see alternative below. 

D. 	 Valve Type Baas as an Alternative-Bag Construction 

Bags submitted ur.er this performance specification shall perform aswell as those made under existing specifications (paragraph V. A. -V. C. herein) with respect to closures, retention of printed informa
tion and resistance to snags, tears, and water vapor transmission. 

1. 	 Capacity 

50-kg net or, 100-lb net 

2. 	 Outer Bags 

Bags must be manufactured fran polypropylene or jute fabric 
meeting specificaitions stated in paragraph V. A. herein, exceptin valve bag, top and bottom will be folded seam double selvedge
per 	Federal Specifications S/S-N-I. The side will be folded 
seam double, raw per Federal Specifications S/S-N-i. 

3. 	 Liner (inner BarS) 

Liners must be iruufactured frcn polyethylere film meeting
specificaticns stated in paragraph V. B. herein, except film
is strip laminated to fabric and is folded over top, bottan,
and edge with fabric. 

4. 	 ITpact Resistarce 

All 	 bays, including iruserted film liners, shall be capable of 
withstanding thle follcwing performance test for impact resistance: 
a. 	 Ten filled and sealed bags containing the product to be 

shipped or an equivalent in specific gravity and general
physical clharacteristLcs must each survive a single drop
on the butt or oottcm, on a shock machine that prodtuces
for each test a velocity change of 195 inches per second 
using a shcck duration of .002 seconds without loss of 
product. Ten (10) bags constitute a test lot and ai.l 
ten 	 (10) bags aust meet the 	minimum inpact specified. 
without a single failure.
 

b. 
Test shall be ccnducted under standard teaperature (73.4
degrees F pluS or minus 1.8 degrees F) and relative humidity
(5/. plus or minus 2%) conditions. 

c. 	 Filled bags must be placed in the conditioned atmosphere for
sufficient time before the tests are conducted for the bags 
to cane to equilibriun. 

5. 	 Sifting 

Valve bags including inserted film liners shall be capable of 
withstanding the following test for sifting. 
Testing of filled 
and sealed bags is to be performed on a variabIc frequency vibration 
table (Ig input) fram 2.5 to 30 hz and sifting observed at the
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frequency (ies) where the mo t violent bouncing occurs. Loss of
 
product fron the valve bags, due to sifting, shall be no greater 
than 0.5% of net weight filled. 

6. 	Independent laboratories known to be capable of corductir.g the
 
above impact resistance and sifting tests are:
 

MTS Systes Corporation 
BOX 24012 
Minneapolis, iM'4 55425 (612) 937-4000 

Lanmmcnt Corporation 
P. 0. Box 1390 
Montery, CA 93940 (408) 373-4791 

Rutgers University Packaging Science 
and Engineering Department 
P. 0. Box 909 
Piscataway, N.J. 08854 (201) 932-3679 

Baris Ccnpany, Inc. 
P. 0. Box 568 
Peoria, IL 6160i (309) 682-3406 

Michigan State University
 
School of Packag.ng 
East Larsing, KI 48824 (517) 355-9=80 

Owens-Illinois, Inc.
 
P. 0. Box 1035
 
Toledo, CH 43666 (419) 247-50(0
 

7. 	Valve type bags are not accetable for amonium nitrate or urea.
 

http:Packag.ng
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VI. INSPECTION ANd S;.1-'PLING 

A. 	 Resoonsibilitv 

1. 	A "Certificate of Inspection and Approval" must be issued for 
eacl shipping lot by an independent inspection firm acceptable 
to AID, unless independent inspection is waived by the purchaser
with AID's prior approval. In tle event Purchaser elects not 
to insDect the fertilizer, as this determination requires A!DW 
approval, they shall r-rovide to Supplier written waiver of its 
right to such inspecticn, duly executed by Purchaser or its 
agent. Said waiver- shall be delivered to Supplier prior to
 
sailing date of tie shipment concerned. 

2. 	The i-specticns shall be performed and reported in accordance 
with the L£strictions in the following sections VI.B, C, and D. 

3. Independent inspections shall not be performed if the supplier's
 
test shows that the ccritracted caTnmodity specifications were not 
met 	 in full. 

4. The supplier shall arrange and grant the independent inspection

firm any and all reasonable access to the ccxrncdity for the purpose
of conducting all inspecticns awd tests. The supplier shall notify
the irnspection firm by telephone, and confirm by telegram, or 
letter, at least ten days before canencmement of bagging, chat 
the fertilizer is ready for inspection. If the supplier has not 
met 	 the contracted ccumodity specifications, the inspection firm 
shall not issue any certificate, and shall notify the purchaser,
 
the 	supplier, and iD, Washington, at once.
 

B. 	Instructicns--Insoection 

The 	inspecticn firm shall:
 

1. 	Verify that the vessel holds are clean, dry, and ready to
 
receive the cargo.
 

2. 	Verify that the specified weight of cargo is loaded aboard 
the ocean vessel. 

3. 	Verify that loading is ceased during inclanent weather or for
 
any 	other reasons which may damage the cargo, and that stowage
will not damage the carco, or result in discharging difficulties.
 

(Should the conditions of items 1, 2, or 3 not be met, the 
inspector will notify -imiediatelythe purchaser', supplier, 
the s-ip's captain and AIDIEMRiCCN{CPS.) 

4. 	Examine bags and report, 
if true, that the bags appear to meet
 
specificatiors upon visual inspection. In addition, they shall
 
verify that the -xport s:pping rmarks are in accordance with
 
the 	tems ot the contract. 

5. 	Sarple, prepare, distribute, and furnish analyses of samples as 
prescribetd rnSections IV. and VI C. Make the weight deteiTnunaticn
 
prescrib!d in Section VI. E.
 



6. 	 Furnish dccuentaticns und notifications of inspections as 
prescribed in Section VT. [)., this dcXunt-lt. 

7. 	 If inspecticn and/or, analysis reveal any deviation between 
the actual canndity or ccrnnxhties arxi the specifications 
as stated in the IFB, Ue inspection firm must notify the 
Purchaser, Supplier, auxi A.I.D./SERiCCt./CPS of such discre
pancies iinnedi.ately. 

C. 	instru,.cticn--Ccllecticn, Preoaration and Distribution of Official
 
S_,-nles
 

1. 	The official sanples shall be taken at the last point -iere 
the material is handled prior to ship loading. The inspection
firm is required to draw the official samples itself, and arrange
laborator- analys-is of same in accordance with procedures speci
fied herein. Bacqed material shall be sampled periodically at 
the tir-e of bagging before the bag is closed Mhenever possible.
Bulk material shall be samrpled progressively during the entire 
time of loading coto the vessel. 

2. 	The inspector shall be responsible for making arrangerents with 
the baggi.ng firns to follow the salling procedu-es as indicated 
below. 

3. 	The official samrples cbtained by the following procedures may be
 
used in the event of a dispute regarding quality of cTmodity.
 

4. 	Sampling
 

a. 	Bagged Fertilizer
 

Smpling shall be done at unannounced times, but at intervals
 
not 	exceedirg eight hours bagging time.
 

Closed Bags--Material shall be sampled as specified by TFI

14e-thod 1.C.l. anl the nutrer of bags to be sampled is speci
fied in the Scpliig S.chedule 3. Tlie punctured bags should 
be neatly patched with printed labels, pressure sensitive tags, 
or special patching material . 

Open Bags--.ater-al shall be smitled by taking cup samples 
from the bags be-fore they are closed. Thie sam)les shall be 
taken durinci radJcm visits to the bagging operation to 
insu-e rcpre'sentaticin of the entire lot. The nunber of 
bags to be sMpled is sp citied in the following Sampling 
Schedule 3. 

b. 	Bulk Fertilizer
 

When available at thf, loading port, the autanatic sampling 
system for fertili:er materials shall be US-d. Other..ise, 
if poDssible,, bulk :-ttrals shall be sjuipled f[rc a transfer 
belt in accorJarict, wth TF1 r.Ithcd I .C.2., pr-c,:edure I-a. 
Where strean-i-ittinq is not possible, smipling shall be done 
at equally spaced itf:,rvals fr n iadnpoints en the belt 
immedaately tol i .gand: ,:L close to a belt discharge as 
safety will p 1tall1 incrcrents being of approximately 

http:baggi.ng
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equal size. The nuxnber of increments to be taken is specified 
in the fol.c;-ing Sample Schedule. 

c. Sarrpling Schedule 

Where strearn-santoling is not feasible as a means cf obtaining
official fertilizer samples, the follcwing guide for sanpling 
bagged or bulk materials shall be followed: 

ConsigT7ent 
No. of bags to be sampled

Ton.rs Thousands of bags or increments to be taken 

Urder 500 Under 30 60
501-1000 10 - 20 80 
]001-SCOO 21 100 1CO 

5. Sample Preparation
 

Consolidation-, of increment samples into the gross sample and sample
reductcn by riffling shall be by the official inspector in accor
dance erith TFI M-ethod I.C.3. Procedure A. All samples must be kept
in covered moisture-proof ccntainers except when being added to the 
ccntainers or being reduced. Final preparation of sample for chemical 
analysis shall be according to TFI Nlethod 1.C.3 procedure B. 

6. Distributicn of Official Sample 

The official ccnsolidated sample shall be divided into four equal
parts, prior to grrnding, by means of riffling using the procedture

specified in Sample Preparaticn. One of thie four parts slhall be
 
analyzed by the 
official inspector either in his ovn laboratory or 
another laboratory acceptable to the Buyer and A.I.D. Another part
is made available to the seller upon request, and tlhe remaining 
two such parts shall be re'ained by the official inspector for a 
miniriu- per-cd of twelve months for possible use by a third referee 
chemist in the event of a dispute, or for reserve purposes. (In
the case of an off-shore suppller, one of the two reserve porticrLs
shall be returned to an accepted U.S. laborator-/ tor verification 
of analytical results.) Regardi-ng ccnTnrcity shipped fron non-U.S. 
sources, if ro independen, laboratory acreptable to A.I.D. is 
available locally, the inspection finr nnist air mail its con-soli
dated, official sample (s) to an alterrative laboratory ecceptable
to A.I.D. NOTE: Analyses perfomed in the Manufactiurer's laboratory 
under the in-soection finn's su)erv~sion are an unaoccetable substitute 
for the I!Lsecricn tir 's owni slolinq and chemlcal analyses. 

7. Collection of Bag Sanples 

The inspector shal.l obtain at least four of the outer, bags id of the 
liners being used and retain such bags for twelve months. 
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D. N ua _ 

ci...... s iflccoticn incl.des, ,nder the heading "Analytical~ho-s fcr (ua!!tv' C'tr'AT ," precise analy'ricnl methods for checkingC,:= arce f..catlS. Unless oLher,.,ise irwlicated, the:-tr~e.r'cal cizzt:cns stn for chc,-ica, requirements refer to analyticalmetIcs in th.e 13th EdlIcn (19co) of the Associaticn of Officiala.t....s (ACAC) ;varul1, Off~cil'.l Mx-thods of Analysis.r :.vsicA r refer to the. 4tn Edaitcn (1982)of The ert:>zer I 

...... a -.pMenccs. Bt aziais 


CFFtutFT-l) manual, Fertilizer Samr;lina and 
are :..cl! .rnc:.I- to perscns in theUrztei Statesar- anr ai "-ic work with agricultural cherucals. TheACAC :tarn'z& ma',' be zJbta l trn the Assc':,rtcn of Of f:caal Analyt:al Chara..ss, 121 cr lgt-1 Street, Arlingtcn, Vi-gini&a 2.22C9.,72,V
he T. .anual CeCbt,:i[1oi ti-an Th:e Fert: lizer insti ute, lOis18th Street, .est, 'cthashiingtcn, D.C. 2(c)G6. 

-. *:',-.tBeteor&rat tn 

1. The :rd.:tcr . tw-t. f1 ion shall attest., Cr' or :'r or to thecate cf t'AG'Lotdaf;, a to the .efaa.lt: ot t-,c c.:mxLt
or ccv~ca t,e5 descr'-ih, d :n the invoice. 

2. Cn bulk fer-- a.izer *he ir.tsetor is rescrisible for ceCkngscales :cr (-i Itw and weight ver'it - aticn. If scales arenot avallaz c .'.e' 1C ver' LlCd fran-. huld be acotiw-l tareWeich.-ts of c;r-2r cars. If loadihng is directly frao, bares,or fram stcCknie, '..,: shotld -establishede by means oflacht and heavy draft survey of vessel. 

3. C bacced fer-::lze- the uispector shall che-,k the bazCTngscales and taxe aeic~tsatintervals not to e-xcexJ 16oacg-ing !.curs. Inspectcr shall also spot check baggetd mrnteralalready stcc. lew theLn warehouse at intervals not -o e:cee-d8 bacgi-ng hcurs. For purpcses of hc--k-weic~h-unq, a-rn accuratep'atfcrn- sca-le adjacent to the bagging line shculd te maintained, kepr cleaz-an.d in balaince. Ihe inspector shall seet.at scales are c.hecked at intervals durirg bagging and shallrei.,ea-ght bags percdcal iy during the operation, keepin-g
record of 

a 
these weight checks. 

1. ',;ithn ten days of firal saipiing and cucoleting the weight ver-ficaticn, and ccnclLd-irg that thie identified sh-ipping lo- has met allof thie can.odi t requir,vwnts, the inspection firm shall issue its"Ce.ti ficate of In:spe.ct ion and Apprcval to the Purch,-cir, Seller,A.I.D. , and others that may be desigr;it-ed. "11e certificate issued int he nE:.z of the p'lr'chas,_r mu-,st be trani;'nitt-d uirjndiately theto 
sLpplier. 

http:In:spe.ct
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The following is a sugrjested fomnat for the "Certificate of Inspecticn 
and Approv&l" 

Certificate of Insoecticn and Approval
 

Purchaser 	 B/L No.
 

Supplier 	 AID No.
 

Ccrnodity Name/Grade -

Metric Tors 	 - Laboratory Report -

Ocean Carrier 	 Certificate of Weight 
Verification
 

The "Certificate of Inspection and Approval" shall ccrnrise of a 
narrative describing tl.e Inspection events in sequence. Where 
laboratory analyses are included in the ccrodity specifications, 
the inspecticn cer-cificate nst include actual laboratory results 
for each required test. If the ccrnrdity or ccxrrdities meet the 
specifications wilhout excenticn, the inspector shall conclude 
his 	report stating, if true: 

"We 	 attach our 'Laboratory Report, and Certificate of 
Weight Verification,' each containing an attestation 
confirming the su[plier's conformance to the ccntrac
ted ccarnc'ati specificaticrLs. On the basis of inspec

-
tioi . tests ;e cinducted in accordance ourand .. with 
contract ard the aforesaid attestations, we certify
and confirm that the subject shipping lot meets all 
of the cn ,lcity, bagging, marking, and weight re
quirements stipulated in the contracted ccrmcdity spe
cificaticns. " 

2. 	The "Laboratory Report" so labeled shall:
 

a. 	ldentify tre supplier's contract with the purchaser.
 

b. 	Identify the slupping lot tested and analyzed. 

c. 	State the contracted caxnKodity specifications, and the 
laboratory's corresponiding analysis of the fertilizer, and 
shall if true, 

d. 	Attest that throix: i use of the testing procedures stipulated
 
in the Section above, and other mears available to it,
 
the fertilizer et t',h state- ccTroxity specifications.
 

The 	"Laboratory Report" shall be issued in the nane of the purchaser
and 	be dated a-K1 sigcn(-e by Un exQeCutive authorized to bL.d the 
laboratory and,'or the lnzstpctic(n firn. 
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3. 	 The "Certiticate of Weilgt Verification," so labeled, shall be 
issued by the inspecti;ci tunm under its letterhead, and be dated 
and signed by an exc'utive authorized to bind the firm. The 
certificate shall state in so many words the date the data were 
taken andJ the nurber aii weight of unbrcken- bags duly filled 
with fe.tilizer delivered to the cccan carrier, or in the case 
of bulk goods, ccnt[ain an atteszatlcn frcm the weighrnaster at 
the 	port as to the weight loadced atcard sup. 

4. 	 The "Certificate of Insect:cn and Approval" shall be t, e.ritten 
un-der the letternead ot he U.S. ir.-specticn t[irn, and snail be 
dated and signed by an officer auihcrized to bind the firm. The 
certificate shall ccntain no excuizator / proisions ex:<Epting the 
inspec tcn firm from the perfcrnaroe of its contracted cbligaticns. 
Provasicn of inspecticn services by an irdeperdent irsp-ectccn firm 
shall not relieve the supplier from his respocrs ab-lty to assure 
that he has inspected and tested the shaupLng lot before calli-ng
for npecticn, nor fr-c us respcrsibilit' to assure vhat each 
lot has met the speciticaticrs of the ccmniodi-y ccntract. 
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VI:. INSPECTICN CLAUSES FC1WPBWU7l24I.'JT IXCLI,1,NTrS 
A. 	 'hNen irzpecticn is arranqed by te Supplier: 

I. 	 Fertilizer l ia-ct,.cn d weicht deter'unatican wi_ be performed
by an independnt inscecticn :irm for the account of the supplier 
in accordance spe -caticcms set fcrth herean..ith : 

2. The ccst of ii.pe:tcm ar'd certi.ticatncn of wei&.z rxst be in
cluded in the cuttered price.
 

3. 	Certaticate ot lr.s.oct~cn and Approval issued by any of the in
depen,dent inspevticr t r lasted in the IFB wall be accepted.
Bids must Lnclie *,le:name ot the irnsreczlon tinr, chccsen, and 
the name of thle laborator-y tu be Used If other than its o .n. 

4. 	 Suppliers washirig to 'e ir'_pectcriL fr-ns other tnan thiose shown 
herein m-,st: receive pror Fzproval frmn A.I.D. , SER/CCI/CPS, in 
',ashirtcn, D.C:. betore the uSe of arn:her farm. 

B. 	Vihen arnspecticn is arrxict-ci by the Purchaser:
 

1. 	The cost of spection ard certificatico of :.'eigc t 's for the 
acccunt of the Ihiro hser a-d is -,ot into be incluc- the
 
offered price.
 

2. Purmnaser at its sole -cst anrd e.ee shall have the right to
 
Inspew.ht 	 Lirall timest- remscrnible pr-cr to shap-,ent
thereof. SuL;Dpl r gr' s to grlnt Purc:'aser's Aceons and repre
sentatives any und all reao_ n[able access for the wU--pose of 
inspectcn at S.rplier s plant:, and at SuoDplier's st:ccntractor's 
plant, if any. ur-111ser wall provide he Supplier '.%-ith the 
name anwd address of the finn '.tnd 'wll p.erfrm, Th-.e ir-qection
services cn bonalf.Luccase.s 

3. 	 Certificate of Inspet.:2r1 j ,anjpr-oval .- ill be issuc-d by cne of 
the iniepe.-dent t fis inirf p nc's list-cd tlie IFB, or other 
firTn having prier apprtioval of A.I.D. 

4. 	 Inspection will be per-ome'.ed by tIe independent ir-.ection firm 
in accordance with the specificaticrns set forth herein . 

GIO- R9*,a t 

http:per-ome'.ed
http:Inspew.ht
http:ia-ct,.cn
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Some Criteria for Retailer Selection
 



Criteria for Retailer Selection 

1. Have the ability to sell. 

2. Have respect within the local agricultural community. 

3. Have sufficient financial resources to operate the fertilizer component of 

his business. 

4. Pay cash for fertilizer purchases.
 

5. Make sales from sale points within an assigned .rea as agreed upon 

authorized by the market ing organization.
 

6. Agree to purchase fertilizer during the off-season and make storage
 

available to the marketing organization.
 

7. 	 lave storage capacity for at least 50% of annual sales and be capable of 

reIceiving 30-ton lots. 

8. Agree to forecast consumption by product, by month, and by sales outlet. 

9. Agree to purchase in each calendar year a specified tonnage of each product. 
10. 	 Agree to maintain adeqnate stocks of the specified product at each of the
 

sales points a id not al low stock to 
become less than that required to meet 

demand during a 30-day period in the consuming season. 

11. 	 Agree to not tamper with the grades, trademarks, and packaging of the
 

fertilizers as marketed by th
he marketing company at the time of deliveries.
 

12. 	 Assist farmers in obtaining credit whenever possible.
 

13. 	 Agree to place orders with the marketing organization for dispatch at least 

2 months prior to the request date of dispatch. 

14. 	 Agree to sell for not more than the 	 Fixed retail prices. 

15. 	 Agree to make a concerted effort to maintain and increase fertilizer sales 

in the assigned area, including the following activities. 

a. 	 l"Employ Supervisory and sales p(rsonnel for the marketing of fertilizers.
 

b. 	 Carry out after-sales service prescriled by the marketing organization. 

c. 	 Make full and proper use of the adv.:rtising and sales promotional 

material supplied by the marketing department and assist with the 

marketing department's sales promotion act.ivities, i.e., field 

demonstrations, field (lays, farmer meuL:,gs, sales campaig ns, and crop 

product ion conte:;ts. 

16. 	 Agree to display in a prominent place within the physical facilities the 

official retail pri ce per ton/per bag for each product offered for sale. 
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17. 
 Agree to attend and to send supervisory sales personnel to training
 

meetings provided by the company.
 
18. 
 Agree to maintain records of stocks, purchases, and sales of fertilizers as
 

may be prescribed and share the information with the company.
 
19. Have a good knowledge of agriculture and be able to make farm visits and 

converse with the farmers. 

20. Sell other essential crop production inputs.
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Figure Rainfall Pattern and Fertilizer Application by Provinces in Cameroon (Continued). 



96-

96 

72-

120 

LITTORAL 

-30 

? 

24-

NORTH 

11-fl 

JAN FEB MAR 

NOUAN 

[OUAL-A 

APN MAY 

a 

JUN KIL 

MONTHS 

i 

AUG 

EDEA 

SEP OCT NOV DEC JAN FEB MAR 

SA AOT 

APR RAY 

A 

N J 

MONTH 

AUG S OCT NOV DEC 

20 

LITTORAL 

30 

NORTH 

20 

NIAN 

JAN r-c MA APR 4AY JUN XL 
MONTHS 

AUG "SEP OCT NOV DEC JAN FEB MAR AP 1AY 'JN ,JUL
MONTI-IS 

ALM SE OCT NOV DEC 

Figure .Rainfall Pattern and Fertilizer Application by Provinces in Cameroon (Co nued). 



6C50 

NORTHWEST SOUTH 

,4 
C., 40 -

IL 

36-
30

" 

20 

JAN FEB MAR 

BAENDA 

APR MAY UN JUL AUG 

MONTHMOT 

SEP OCT NOV DEC JAN FEB MAR 

EBOLOWA 

APR MAY JUN JUL 

Nf'TH 

M 

AUG SEP 

KRIBI 

OCT NOV DEC 

20 

NORTHWEST 

20 

SOUTH 

z 
0 o 

00 

z 
0 

.Z.4 

JAN FEB MAR APR MAY JUN JUL 

MONTHS 

AUG SEP OCT NOV DEC JAN FEB MAR IPR MAY JUN JUL 

14ONTHS 

AUG SEP OCT NOV DEC 

Figure Rainfall Pattern and Fertilizer Application by Provinces in Cameroon (Continued). 



SOUTHWEST 

WEST
 

o50 

48 
40 

_ 35. 242 
30

24, 

01 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV JAN FESDEC MAR APR MAY .,*N JUL AUS SEP OCT 14OV DECMONTH 
HOLNTH 

M UBME OSCHANG M ANGANTE 

SOUTHWEST 

WEST
 

202 

II-J KK a-4 NN 
10 

0 

JAN FES MAR APR MAY JUN JU. AUG SEP OCT WOV OE- JAN FES MAR APR MAY JF4 JUL AUG SEP OCT NOV DECMONTHS 

MONTHS 

Figure Rainfall Pattern and Fertilizer Application by Provinces in Cameroon (Continued). 



APPENDIX K
 

Extent of Cameroon Road Network
 



Appendix K, Table 1. 
Extent of Road Network in Cameroon (Length System by Subdivision)
 

Subdivisions 
Tarred 
Roads National 

Laterite 
Provincial Departmental Rural Roads Total 

Extreme North 
Logone et Chari 

(Kousseri) 
Mayo Sava (Mora) 
Diamar4 Maroua 
Mayo Tsanaga (Mokolo) 
Kae16 (Ka616) 
Mayo Danay (Yagoua) 

128 
84 

129 
45 
20 
0 

99 
35 
-
-

20 
53 

140 
22 

143 
192 
78 

146 

177 
124 
199 
131 
40 
264 

184 
43 
169 
49 

290 
110 

38 
0 

165 
40 
16 

106 

766 
308 
805 
457 
524 
679 

Subtotal 406 267 721 935 845 365 3,539 

North 

Mayo Louti (Guider) 
Bdnou6 (Garoua) 
Mayo Rey (Tchollir6) 
Faro (Poli) 

219 
261 
98 
34 

-
-

325 
-

91 
102 
-

1b9 

36 
365 
640 

-

104 
0 

77 
135 

43 
0 

48 
64 

493 
728 

1,188 
402 

Subtotal 612 326 362 1,041 316 155 2,811 

Adamaoua 
Faro et Do (Tign~re) 
Vina (Ngaound~r6) 
Mb~rA (Meiganga) 
Djerem (Tibati) 
Mayo Banyo (Banyo) 

0 
93 

132 
105 

0 

-
235 
110 
178 
186 

101 
30 
-

77 
67 

137 
239 
159 
28 
-

0 
63 
60 
0 

88 

0 
0 

50 
0 

80 

238 
660 
511 
388 
421 

Subtotal 380 709 275 563 211 130 2,218 

(Continued) 



Appendix K, Table I. 
Extent of Road Network in Cameroon (Length System by Subdivision) (Continued)
 

Subdivisions 
Tarred 
Roads National 

Laterite 
Provincial Departmental Rural Roads Total 

Central 

Mbam (Bafia) 
Mbam (Yoko) 
Mefou-Mfoundi (Mfou) 

Myon et So'o 
(HIbalmayo) 

Nyong et Kell 
(Es~ka) 

L~ki (Monat6l6) 

Haute Sanaga 
(Nanga-Eboko) 

Subtotal 

44 
0 

153 

74 

11 
114 

0 

396 

100 
324 
89 

48 

54 
9 

212 

916 

163 
-

146 

64 

243 
202 

62 

1,100 

269 
197 
327 

56 

167 
92 

69 

1,254 

0 
105 
267 

106 

273 
156 

132 

1,094 

45 
0 

306 

83 

352 
144 

90 

1,067 

621 
626 

1,288 

431 

1,110 
717 

565 

5,827 

South 
Ocean (Kribi) 
Ntem (Ebolowa) 
Ntem (Ambam) 

Dja et Lobo 
(Sangm~lima) 

Dja et Lobo (Djoum) 

Subtotal 

9 
3 

0 

71 
0 

83 

259 
178 

135 

72 
409 

1,053 

196 
63 

-

119 
-

378 

202 
325 

214 

358 
87 

1,186 

68 
64 
180 

57 
150 

519 

89 
269 

71 

429 

823 
1,431 

1,394 

3,648 

(Continued) 



Appendix K, Table 1. 
Extent of Road Network in Cameroon (Length System by Subdivision) (Continued)
 

Subdivisions 
Tarred 
Roads National 

Laterite 
Provincial Departmental Rural Roads Total 

East 

Lom et Djerem
(Bertoua) 

Lom et Djerem
(B~tar6-0ya) 

Haut-Nyong
(Abong-Mbang) 

Haut-Nyong
(Ngu6l~mendouka) 

Kadey (Batouri) 

Boumba-Nkogo
(Yokadouma) 

Subtotal 

22 

12 

0 

0 
0 

0 

34 

253 

154 

147 

51 
205 

-

810 

-

161 

454 

115 
136 

295 

1,161 

160 

-

115 

125 
404 

245 

1,049 

0 

150 

225 

125 
83 

50 

686 

41 

252 

178 
68 

53 

414 

476 

477 

1,662 

896 

643 

4,154 
West 

Noun (Foumban) 
Noun (Foumbot) 
Bamboutos (Mbouda) 
Mifi (Bafoussam) 
Menoua (Dschang) 
Haut-Nkam (Bafang) 
Nd6 (Bangangt6) 

Subtotal 

30 
26 

38 
98 
0 

49 
0 

232 

66 
-

-
18 
-
-

60 

144 

92-
253 

70 
7 

145 
87 
38 

692 

62 
116 

20 
106 
129 
135 
79 

647 

180 
91 

224 
206 
225 
156 
121 

1,203 

213 
-

59 
78 
73 
46 
115 

584 

1,129 
-

411 
504 
572 
473 
413 

3,502 

Littoral 

Mungo (Nkongsamba) 

Sanaga-Maritime 
(Edda) 

Sanaga-Maritime 

(Ndom) 
Nkam (Yabassi) 
Wouri (Douala) 

Subtotal 

190 

38 

0 
31 

107 

366 

-

104 

-
-

-

104 

46 

20 

78 
327 

-

471 

42 

188 

197 
-

25 

452 

198 

148 

260 
39 
0 

645 

196 

-
81 

30 
-

307 . 

672 

-
1,114 

427 
132 

2,345 

(Continued) 



Appendix K, Table 1. 
Extent of Road Network in Cameroon (Length System by Subdivision) (Continued)
 

Tarred Laterite
 
Subdivisions 
 Roads National Provincial Departmental Rural Roads Total
 

South West
 

Fako (Limbe) 166 - 13 66 
 178 135 558

Meme (Kumba) 186 
 70 67 165 341 233 
 1,062

Manyu (Mamf6) 43 173 65 
 75 146 289 791
 
Ndian (Mundemba) 
 0 70 110 99 
 50 329
 

Subtotal 395 313 145 416 764 
 707 2,740
 

North West
 
Dong-Mantung (Nkamb6) 
 4 76 67 147 70 
 75 439

Menchum (Wum) 
 4 101 
 90 49 109 184 617

Momo (Mbengwi) 0 56 
 22 117 290 113 598

Mezam (Bamenda) 56 163 65 
 25 183 155 647

Bui (Kumbo) 4 63 12 32 
 437 272 820
 
Subtotal 
 68 459 256 370 
 1,169 799 3,121
 
TOTAL 2,922 5,100 5,561 7,913 7,452 4,957 
 33,905
 

Source: Ministry of Equipment, Department of Highway, July 1984.
 



Appendix K, Table 2. 
Road Damage Effects of Various Truck Loadings
 

Road Damaging Effect
 
Equivalent Number
 

Number of Standard
Gross 
 Axle Load 
 of Standard Axles Per
Vehicle 
 Tractor 
 Axles (of 100 Tons
Weight 
 Drive Trailer
Type of Truck Payload (gvw) 8,200 kg)a Payload
Steering Front Rear 
 Front Rear 
 For 1 Pass Carried
 
(tons) (tons)----
 -- (tons) -----
 - (tons)- 4-axle 
 0 12 4.7 
 - 3.4 1.9 2.0 
 0.1 NA
articulated Empty


(14-wheel) 20 3 2b 
 5.7  8.0 9.1 9.2b 4.6 
 23
 
25 37 
 5.9 30 42 

9.3 b 10.9b 10.9 b 11.2 45
6.2 
 - 0.4b 12.7b 12.7 
 17.7 
 59
35 47 
 6.4 
 - 11.6 14.5 14.5 
 31.0 
 89
 
5-axle 
 0 13.4 4.9 1.9 
 3.1 2.7 1.8 
 0.1 NA
articulated Empty b
(18-wheel) 20 
 3 3 .4b 5.6 4.4 
 7.3 8.0 8.1 


38 2.9 14
25 .4b 5.8 5.0 8.3 

4 3 

9.6b 9.7 b 5.5 2230 .4b 6.0 5.6
35 43.4 9.4 11 2b 11.2 10.5 35
6.2 
 6.2 10.4 12.8 12.8 
 18.7 53
 
a. 
Based on little equivalence factors as 
given in TRRL Road Note 31 
(Section 4.2.3).

b. Exceeds statutory maximum.
 
Source: 
 Data from Mercedes-Benz (U.K.), Ltd. and Consultants' estimates. 
Damaging effects will be similar
for any other make of vehicle.
 



APPENDIX L
 

Fertilizer Law
 



UNIFORM ; l* ':l{'i'iI.l,:i{ 111'A,''.I.I .....,- . ,,(-I(I
NO I
)'l'.'--,\1tlrtlm'hu ll 	and haveIh l t not been
d:-Isrlv ilu to Ilw ill 	 t-iiia ,I oiiy s, lijt iLAs. vi-iiIc o .%*1-1'fhri 
do ', rI I t I I rIcI t , 'Itl I r [ w' 4 IlIII s AuML. 


AN .\(C t rcr.nte in, ieannnl 
dist 1111)11 ofrnnuhnrrial
fertili,,rrs il th, Slate of I'N 	IT I'NACTEDBY 	 IlyI F e,i:.tmur of the State of!itilh,


I . ,i. 

['iis Act slh: be kiro-wn as the 
 ["ertilizer1.aw ,'tf "''19 

S A'tn Section .i 2. Entorciur Officirl. l'nfo cint[ O~ickfl. 

tis Act Irrl 'h administeredt by the 
 of 	theState of , ireii.. referred to as the .ften. *iircd 

Section 3. l)efinitions of Words and Ternis. 
AVI!bi usCl inl tis Act: 

(a) 	 The term "conmmrcial fertilizer" means 	any substance con-
taiining one or more recognized plant nutrient(s) which isus5ed for its planlt lnltrielit content and which is designed forrise or clainmed to have value in promoting plant growth,
C.iCe'1,t Ut1n1uili)u!:ited aninmal vegetableand manures, marl,
lime, limetone, wood ashes and gypsuim, and other products 
exempted by regulation of the
(1) 	 A "fertilizer material" is a commercial fertilizer whicheither: 

A. 	 Contains important quantities of no more than one ofthe primary plant nutrients (nitrogen, phosphoric
acid and potash), or 

B. 	 Ilas approxirmately 85% o its plant nutrient:content present in the form of a sin lethem-
ical conpound, or 
i om amC. 	 Is derived from a plant or animal residue or by-
product or a natural material deposit which has been
prrcessed iinsuch a way that its content of primary
plant nutrients has not been materially changed
except by purification and concentration, 

(2) A "mixed fertilizer" is a commercial fertilizer contain-
ing any combination of mixture of 	fertilizer materials. 

(3) A "specialty fertilizer" is a commercial fertilizer dis-tributed primarily for nonfarm use, such as home gar-
dens, lawns, s1lirubbery, flowcrs, golf courses, municipal

Iarks, 	 cemeteries, grcenhouses and nurseries. 
parks,~~~~~~~~ ~ ~~ ce-ceisn 	 nrci3 ~A "bulk fertilizer" is a no-pakagd frm.tire 

in 	 a non-pckaged form. 

(4) 	 in commercial fertilizer distributedrehue 

(b) 	 The 'erm "brand" neans a term, desigm, or trade mark used 

in connection with one 
or several grades of commercial fer
tilizer. 

(C) 	 ( ,,aranhlcd A d:lysi.:
IntiLd
the 	 ,, il.t e afte~rmtti-,, f,,rrn- of). a:alyai it) ;i Iot f,,: . with1.;$pi1Pn.$'

14':;ri1j1ir:u,ll p 	 (2) h.ro.f, tn ';" l-ar:nII, I r,::!,. 
:Il i i l ihi ini l.rIn i-o i. n I -' w f Jl . r i,. ,t r i

i-ms ,'ii n,.! in the. followjil 'inli-er ;nnnd form: 
A. 	 T'l'Ial NiunyIoe (N) 1,;" 
A-lii:nlt' I'h,.-iqporic 	Acid (1':O:,) 

r:nt
rjp:r 	 cento1. 	 I'ota.i (K 0) per centB. 	 i"nu' I'nr ridlr;nInitd iinel'.I iih,:o hati rnant,:ruai=. and 

Ibasit l:l1g, h,i,, t:In ;ig,and other organic lh,,.phate
tire 

inulle.. , 'na;y m ane d 
Iin n;i:, total ph:;phoric aid rand'or dL4:ree of 

also b 	e
C. Ciianriteus for pI;Lirt nutriirnts other than nitrogen,
Ispninilioniis 	and lmtas-iini may be perinitt i or re

by regulation of the . The gu ratmntees 
for stich other mirti'ierris shall be expres'z-ed in) theform of the e!emcnt. Tlre sources of such other nlltri-Unts (oxides, salt, chelates, etc.) may be required to 
be stated on the :application for registration and may
be included as a parenthetical statement on the label.
Other 	 beneficial substances or 	 comlounds, determin
able by laboratory methods, also may be guaranteed
by permission of the and with the advice of
the Director of the Agricultural Experlnrent Station. 
When 	 any plant nutrients or other substances or N)compounds are guaranteed, they shall be subject toinspevtion and analysis in accord with the methods 
and regulations prescribed by

D. 	 Potential hasicity or acidity expressed in terms ofcalcium carbonate equivalent in multiples of one 
hundred pounds per ton, when required by regulaticn.

(2) 	 When the finds, after public hearing
following due notice, that the requirement for expressing
the guaranteed analysis of phosphorus and potassium inelemental form would not impose an 	 economic hardship on distributors and users of fer:ilizer b%. reason ofconflicting labeling requirements anrlong the states, he 
may require by regulation thereafter that the "guaran
teed analysis" shall );e in the following form:
 

Total Nitrogen (N) 
 - per cent
Available Phosphorus (P) . . per cent 
Soluble Potassium (K) per cent

Provided, how:ever, that the effective date of said regunla
tinro shaill be not less than six months following the
issilance thereof, alld provided, fri'ether, thlrt fur a periodw 	 er olowintio years tire effective (late of5:. id regu~lationifoquint 	 ii , elrectiedeqiuiV'alc~t, of phosphorus andl o f d rl npotassiunrisi mnxa'-aaiobe 
shnxva in the forni of phosphoric :id and potash; provhled. 	 11,cA'ev0er that after the effective date of a rez.ia

1 



It II ' 

th:t IChI SIhIrC.S tit ICssiCCIC . :h,,\ i in ti dle- ( I) TiI. 


I ioI,. i"I I I I!' I it IrIf'IuIh'ikg I Cu, 	 (4-) TI] SIII:.IIr4tIh aII:,lyIi.3 
,CmC. aCCl :.Ch'I':C4 0 f the itgi:itrant

: dIfII Il t Iit, a): l 	 t ail to , r ume r iC ' ,lI ,I. hn J::, 11itrC ' II y:: C1..r Ih il ( b,) .I .rii , ICv rIC'qtlred r,:ioixt4 r a n y ' 
(hl ljriC.Cs, ,II l e.l:C I C.SiIl) shlC CI,'t i!!tk' thll.',I'a 	 .iIl fCrlilizl.," wh ch is lrCe:Cly 'i.i:;t lCindor thi:i Act by

(d) 	The it- ril"rol't " lCi:CCs11 ihe Cr C. I't.Il[ 02 	 pe it.): I ClitroIg,'n. i " It(iCC,,:C.I*n J ,1V iC g the Il;,ti.l dI.C.s n t diifer 'lliany

a\l.CiCI O lklo i, olr IidltI ,rwicacid, .1 :,,ihI,. IlC taS- espcC t -i l l ,.,I-C C Il . lC il l h,tlloClC,i 1C l? l s I , VIh, C i c i l l I l , :lCC C 	 C( ) A d i - h i i 7Ci ol, h e rCCC C i r t ' - l LoCC C -'C: , t ( -I ';fhL dClOf 
t et -1 1 s , o, 1 d I : ' i tIl e j : C. c cd nI 4iCrC d " I lCC '.CECCl : is l i I ll :I . . I t o i-ha d o f 

I I'l',id,d h,.\c C t.h l f1'1li, i.' iCit rC'Ci. , biC' ' wv..I Ina- C('IClCC CCl' iI i I lCI l ; , to:. r fC .,iC ,I.,ifitiCCCnul,& anmllei~d~ :u~vanl cd il
aw si ,ill,"amy :)e 
 v ,hy
%hith ; lhl i iiii-j."ifrirpl tb,T ixin, lIzt .01hll 

viCr(.!Ilulrvd til l I.l h is ill ill It11l:11 lICr andCI at a feeI.asfraItionCal CCI t ,
(e) The iC 'iCC",,llh s:CCCi l .CCily ,Cf (Ci niCnle'cC I r.FC 'C CC]'Cl.| i 	 , and to labeli (l'" :iinns .o-iCnllh ial >C illI1e n; is I Y tile 

f rl~LI, 'erI:1l-C1 iiL"the 01' his )-tlint andC de'signa:ted suc h fC rtilizr .S ln'CCVICI ,C in .CCIJtbf 5 (b).
 
as ",!ici:l by the . !.ih'l i-sing ( Option 1)
"iCi'" IlCpCillSlift(f) 'hu ti-!IC a weight of two thOulsan8Id pounds 	 (;t) No pC.!.qmi sh:ll ni:CuiCnrCture or diS'triljCte in this state any
CVCrdC iC,.is. type of fertilizcr, except a lcia!ty f(rtilizers, until a license
 

,g) The t,.n "pier 'enlt" ill-"Iliertaiige" ains the per'entalge to distrihlte has been obtained 
Ib., 	the person -whoselby C eight. labeling is applied to sCch fertilizer from the

(h1) 	 The terliC "persIl" inclldes inlividulal, partnership, asso- .............. ulpon payment of a ............. fee.

caLi ,,iC IC]", an dI corporation. All licenses expire on the thirtieth day of June
The 	0i'1IC1( 	 'i "di'tibultor "Cnh':I isany person who imports, con- of each year.~CC fact , conpo(ninds, 

co!ni;erc;al fertili/er. or who offers for sale, sells, 


si 	 s till;ClClC; inrodthcos, mixes, or blends (b) An appCllication for license shall include: 
barters or 	 (1) The naie and address of licensee; 

Cthvr-.%i-e >;uppli. conunierciail fertilizer in this state. (2) 	 The namie lIli] address of each bilk distribution point in 
(j) 	teTiel C'gI-Il':l'.lt" nit';CilS the PLe'ICCIC w~ho registers corn- the state, not licensed for 	 fertilizer minufacture andCCCCCc8I: hL-ttillZe!- unCh'r the prCCVisiOnS of this Act. (list ribtion. 

(k) "i. tin] '"l:CI i fl"nwCins the dispiiay of all written, printed or 	 The n;Clic iind ahh'eiCs shown on the license shall be shown on!gi'ahiC mattler CICCIpl tie nlOCeiinte co.ntainer o" statement all labels, pertinent invoices, and bulk storage for fertilizers 
CC i:iieC ;I:. ll tl'tCCl: fertilizer. b the n •itibuted sate.

(I) 	 The ter I ''I1helinf t ll v.itten, printed or graphic ..)The licensee shall in orm the . in writin of

n:Ltt('r, 11pCnO r. )! V C Y'ciAl
r 8C'tC ) :i 11 lZ C IC fer-tilizer, or .......
 
ald'v-ertisenntz, l~i~ChCC-e, pCIsterS, television and radio :an- additional distribution points established durina 
n,mnC erCiunts tSc d in piCCCCthi g the sie of sclh commercial the period of the license.
fertilizer. (d) 	 No person sl:all distribute in this state a specialty fertilizer(i) The term. "'vedstigatinal allowance" means an allewance for 	 unti! it is registered by the manufacturer or distributor with
variations inherent in the taki.fig, priparatioI and analysis 	 the .An application in dunlicate, for 
of an officiatl samlpile of cormmnercial fertilizer, each brand and product nalale of each grade of specialty fer-

Section 4I.Regitiattiin (Option A) tilizer shall be made on a form, furnfshed by the"
(a) 	E.ch I'and till] grie ,if('Crom ercial f'rtilizer shall be reg- .........- and shal be accompanied with a fee of

ist:,ed irCre Iing di.tr-ihited in thlis Statte. 'rhe application 
 S .......... for each Brand and product name of each
 
tor registration shall Le subritted to the....... 
 grade. Labels for each brand and product name of on 	a form furnished by the ........., and shall be 
 each grade shall accomp any the application. Upon

accompanied by a fee of $........ per brand and grade 
 the approval of an applichtion by the .........
 
exce-t 
that those fertill7ers sold in packages of copy of the registration shall be furnished the

10 pounds or less shall be registered at a fee of applicant. Al1 registrations expire on the thirti
twenty-five dollars each. Upon approval by the .... eth day of June of each year.
 
.. a copy of the registration shall he furnished
 
to the applicant. All registrations expire on ...
 
..... of the followlng year.
 
The application shall include the following information:
 
(1) 	The net weight
 
(2) The brand and grade
 

i 
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(e) 	 An a)plicaition for regisration sh:ill iiclude flit- following: 
(1) 	 Name and ahhlr's. of fhe iiiiiufacturir or diistribltor; 
(2) 	 Th brand :andIrprduct naine; 
(:3)*"hegr:nle; 
(.1)The gciar:iih,,,u analysis; 

si.I'S per.s(5) 	 shit,I:;:gef0 " . that hIc-lige ftrLilizers 
cl11v illcomtainers u f tell polild. or less. 

Sect;on 5. Labels 
(a) 	 Any comniuircial fertilizer distribulted in this State in con-


thiiiVrs1h-ill IvC pulaIce'd I label
till Or allixCd to the cutanenr 
setting forth in cle;rly legible and cojusiictioun form the 
informatien requ ired by Section -1 (a) (1). (2), (3) and (4)
of this Act. In case of bulk shipmients, this information in
written 01- printed form sha!,1 aceomp:iny delivery and be 
sut)plied to the purchalser at time of delivery. 

(b) 	 A coniniercial fertilizer formulated according to specifica-

tions which are furnished by a consumer prior to mixing 

shall be labeled to show the net weight, guaranteed analysis, 

and the name and address of the distributor. 


Section 6. Inspection Fees 
(a) 	 There shall be paid to the for all commercial fer-

tilizers distributed in this State an inspection fee at the rate 
of cents per ton: Provided, that sales to manufac-
turers or exchanges between them are hereby exempted. Fees 
so collected shall be used for the payment of the costs of 
inspection, sampling, and analysis, and other expenses neces-
sary for the administration of this Act. 
On individual packages of commercial fertilizer containing 10 
pounds or less, there shii !:e naid in lieu of the annual regis-
tration fee of per brand and grade and the ............ 
cents per ton inspection fee, an annual registration fee and
inspection fee of twenty-five do!lars for each brand and grade 
sold or distributed. Where a person sells commercial ferti-
lizer in packages of 10 pounds or less and in packages over 10 
pounds, this annual registration and insipection fee of twenty-
five dollars shall apply only to that portion sold in packages
of 10 pounds or less, and that portion sold in packages over 
10 pounds shall be subject to the same inspection fee of 

cents per ton as provided in this Act. 
(b) Every person vho distributes a commercial fertilizer in this 


State shall: 

File with the on forms fu...;sned by .......... a 

quarterly statement for the periods ending September 30, 

December 31, March 31 and June 30, setting forth the number 

of net tons of each commercial ferti!izer distributed in this 

state during such quarter. The report shall be due on or 

before the thirtieth day of the month following the close of

each quarter and upon such statement shall pay the inspec-


It till' ira 
If Ihl tiiira)r' reporl is nt 111.d auil hi. paynityt of ihpec
lion ',e is mt xI:tae within :;,' ,lay.- ;ftic:r thei. end of the 
upiartir, a u,Illctim f.e aimimnting to 10 p,.rc.iit (minimum 

NI* 01)) of Il(e;uii'.urut .h:dl !I, - .':u.d ; aii t th,! regis
trall, and ti a unouuut of f.e dne shall constitut, :I d(.ht and 
lI'collme lie basi.s (,fa judim Int avail'4t the registrant. 

tioi 	11 r;t(: Sltt.(l in raih (:L) of this section. 

(c) 	 When uu,,re tlmn one per: mi is involvedl in the distribution of 
a ci,1iuuicial fertilizer. IhIe:I:;t 	pe:-.on whoi ha:. the fertilizerregi:ter.d und wh,, di:btrihouu to nonr,.,tr1mt (dealer or 
consurm'r) is rcslpousible fIr :-poirting the tonnage and pay
ing til in:ilectiu fe, uildess the reliart and payment il made 
by a prior di.stributor of : fertilizer. 

Section 7. Tonnage icports.
(a) 	 The person transacting, listributing or selling commercial 

fertilizer to a non registrant shall mail the . a report
showing the county of the consignee, the amounts (tons) of 
each grade of commercial fertilizer, and the form in which 
the fertilizer a,va: (bags, bulk, liquid, etc.). Thisditriluted 
information shall Ie eported by one of the following meth
ods: (1) submitting a summary report approved by the 

ronor before the day of each month covering
shipments mame during the preceding month; or (2) submit
ting a copy of the invoice within business days
after shipment. No information furnished the 
tinder this section shall be disclosed in such a way as to 
divulge the operation of any person. 

Section 8. inspection, Sampling, Analysis. 
(a) 	 It shall be the duty of the , who may act through his 

authorized agent, to sample, inspect, make analyses of, and 
test commercial fertilizers distributed .within this State at 
any time and place and to such an extent he may deem neces
sary to determine whether such cornmercial fertilizers are in 
compliance with the provisions of this Act. The , 
individually or through his agent, is authorized to enter upon 
any public or private premises or carriers during regular
business hours in order to have access to commercial fertil
izers subject to the provisions of this Act and the rules and 
regulations pertaining thereto, and to the records relating 
to their distribution. 

(b) 	 The nethods of analysis and sampling shall be those adopted
by the from sources such as the A.O.A.C. Journal. 

(c) The , in determining for administrative purposes
whether any commercial fertilizer is deficient in plant food, 
shall be gLuided solely by the oflicial sanple as defined in 
I)aragraph (e) of Section 3, and obtained and analyzed as 
provided for in paragraph (b) of this section. 

(d) The results of oflicial analysis of commercial fertilizers and 



portions of ollici:l samlet~s shall be distrilhuted by the ........... 
as p, oviled in the regulations. 

Section 9. Plant Food Deficiency. 
(a) 	 'enalty for Nitrogen, Available l'lhsplhric Acid or l'hos-


phl-Irus and lathsh or l'tassium - If the aaly.sis shall show 

that I corclit-rrcial fertili:,r is dthlicivit 
 (I) 	 in one o" more of 
its gu;r.nteed prinmary phnt fo ds (N PK) beyond the 
"ilx C i'atinal allmances" :cs cslati.,hcld by rt'gulation, or 
(2) if the overall index value of the fertilizer is below the 
level establislied by re.naations, c pcluity of times 
the comtercial value of such deficiency or defici-
encies shall 	be assessed. Vherl a commercial ferti-
lizer is subject to a penalty under both (1) and 
(2) 	 the larger penalty shall apply. 

(b) 	 Penalty for Other Deficiencies - Deficiencies beyond the 

investigatioccal allowalces as established by regulation in any

other constituent(s) covered under Section 3 paragraph (c) 
B, C, and D of this Act, which t..e registr:int is required to or 

_ 	 may guarantee. shrall be evaluated and penalties prescribed 

therefore by the ............... 


(c) 	 Nothing contained in this section shall prevent any person

from appealing to a court of competent jurisdiction praying

for judgment as to the justification of such penalties.


(d) 	 All ptznalties iqspoSsed tinder tis section shall be paid to the 
consuner of the lot of commercial fertilizer represented by
the :i'rple analyzed within three months after the date of 
notice from the to the registrant, receipts taken there-fvjr and promptly forwarded to the . If 	said consumers cannot be found, the amount of the penalty shall be paid
to the -ho shall deposit the same (or shall pay said 
penalty to some local charitable or educational institution.) 

Section 10. Commercial Value. 
For the purpose of determining the commercial value to be 
applied under the provisions of Section 9 the shalldetermine and publish annually the 	values per unit of nitro-Seto15SorWig.d 	 d,deerne a phoshoic andlly theolues potashnit ofmmtro-gen, 	available phosphoric acid, and soluble potash in commer-
cial fertilizers in this state. If guarantees are as provided in 
Section 3 (c) (2) the value shall he per unit of nitrogen,
phosphorus, and potassium. The values so determined and 
published shall be used in determining and assessing penal-
ties. 

Section I1. MIisbranding.
No 	 person shall distribute misbr'anded fertilizer. A cor-mo ern ilizer sha l be deeed to he misbranded : 

a) 	 If its labeling is flSe oc- misle:ading in any particular. 
(b) 	 If it is distributed under the name fertilizerof another 


.product.
 
(c) 	 If it is not labeled as required in Section 5 of this act and
in 	 accordtance with regulations prescribed under this act. 

(1) 	 If it piiprti to be or is represented as a conimrcia 
frtiliz.r, or is repre.;cnt,.c :as containing a plant nutrient 
or nercial ftilizm fle.s to uch plant nutrient or 
Lily,ialrtilizvr cf'ib to therhlation teof o iden
tily, 	if any, prLlttrib,.d by rculation of the ; in 

in rcgeltationsthe ;aopt o nly tie shall give
fte reg'ad ton coni11nly acci-pted bIthefiition an official 

as kedfenilizer t'.n :mc ('ontrhle by the Association 
(f Anwri,'- lant Food Control Olficials. 

Section 12. Adiiter:tAion. 
No per:;,n shall distribute an "tdulterated fertilizer product. 
A coniniercial fertilizer Ala'll be deemed to be adulterated: 
(a) 	 If it contains any deleterious or harmful ingredient in 

stillicient a molcnt to render it injurious to beneficial plantlife 	when applied in accordance with directions 	for use 
on the label, or if adequate warning statements or direc
tions for use, which may be necessary to protect plant
life are not shown upon tie label. 

(b) 	 If its composition falls below or differs from that which 
it is purported to possess by its labeling.

(c) If-it contains unwanted crop seed or weed seed. 
Section 13. Publications. 

The shall publish at least annually and in such
forms as he may deem proper: (a) Information concerning
the distribution of commercial fertilizers, (b) Results of 
analyses based on olficial samples of commercial fertilizers 
distributed within the state as compared with the analyses
guaranteed under Section 4 and Section 5. 

Section 14. Rules and Regulations. 

The is authorized to prescribe and, after a public
hearing following due public notice, to enforce such rules and 
regulations relating to investigational allowances, definitions,
records, and the distribution of commercial fertilizers asmay be necessary to carry into effect the full intent and 
meaning of this Act. 

Section 15. Short Weight. 
If 	any commercial fertilizer in the possession of the consumer
is 	found by the to 	he short in weight, theregistrant Of said commercial fertilizer shall within thirty
dastrant offi cial erte pay wth in suer 

days after official notice from the pay to the consumer 
a penalty equal to four times the value of the actual shortage.

Section 16. Cancellation of Registraiions. 
The is authorized and empowered to cancel theregistration of any brand of conimercial fertilizer or to refuseto register any brand of coninerc al fertilizer as herein provined, upon s:ttisfatory evidence that the registrant has used 
fraudulent oradeceptive practices in the e gasions or attempted 



*v':si,,uil , pr,,\ ci,-tllc lt-u ,, lids .\ot :iiy' ni 1.,11 a-Iionl:: pr.,I III :at, -.II I,,- A1r . :isl I'nd' rr: it ItidiI, thIat ,,to rvr:i.- rtr itn 

|I'-ci li,l"-Iililyd Ih.. for,.,hall .g'iI,,- rvx'\m|t,vi l't O ,I- i' , l - 1111 (it, alit:,,il rt'y i at hal'ii Iby:,hall hav'e 

the 
.rediers 17. "Sll) Sale" Ordh-r . 

The muay is-i-l. ard ellbl't'e a WVrithVII oY printed 
.. st,o salt., S.' , lOr th iii , :, Ill* 1 li-
of ally t of , ii ft'lli' [ t) h,,h1 at at ,dlil inate(I
plzl t ' ' rlj Iho l fi ds s:iidtlililt ci.l] ftrl3ilieze r i 

in 'rt'd r ('\ Cle oili- in l of lilll* Illn ' alyltl,"ilotl
-;,,oll.w:a thisI, i l Act tn he l1\ ha,; hll. ll ilie will,Sec htinid cS i ,l ci fcillell iu r ioniloa ,d in 

d 

posed (,f byI S.s auilihorlit.y. lwc, il othviv.vise >hltlI releausedis-'l'ittc'lli %\hl:lthollhuts The h't.ally 

tle lot atConin rcialfertilizer ith in \'pheln ile require-
lils ifhsof t mwi-is tf li s Act have wleoncomIled with

citi:iI h ita e I eeint it iel cetio ithectio %. benSifure pai. 

lI&Il Csales 

Acni, lot of conil ercial fertilizer nt in cofmpliance with the
provisions of this Act nhall le subj t to sv'izu'e on coif lint 
of the f etl.thto a "Iwurt oiil jurisdiction in the
tletl in .it'ih Sd ctIi rcial tier i.-; loated. In the
vio!:ttiun,th cfot tlhi.z; i the co'der's tntini nl to tyr inIiit htAct anldidssail the caminallltionfuni opot ofbesaidcolln 'r ial fcrtili,'cr it shall he di:%'10-_,d of in ally In~in erconsistenlt with the quality ,,f the c~mm a.'cial fertlizr andthe LLW\S Jf the State: lProvilledt. hat in no instance shallf

tMe dlinp,;itio~n of said amullmlcl'cferLdi2"tlzte be ord.ered by the 
cuurt wvithout first giving thle claimant ain opp'ortunity to 
apply to tho court for rele:ise of sid commercial fertilizer 
or for permiqin to process 0" reahl oid camnmercial fer-
tilizer t, lring it into conipliance with ois Act. 

Section 19. Violations. 
(a) If it shall itpl~ear fr,,n. the examinaltion off any commercial 

fertilizer that any of the itrovisihms of this Act orand regulatiins is/ui.d thereiunder the rubshave been violated, the
shell c:-,e notice of the violations to he given to the 

regisitrant, ilistributor, (,I- r-,,:-eos-5( fromx' said samplewhornwas tal:en ; y p rstli .o n otificil sh l.l ti " v' n opportunity 
to he heard unThlr such rules and 'eiIda iris as m:ay be prescribe,! .y the if it IIti,:iqi-s ;aftctr su-h hearing,
eithr Preo:i'e ;il, -rnce the prsiin tie hr o3f so niotified,
that any of the l.Ui\'isi,,ns ,f this Act or rides :li reillationsiS-'tod th,:to' nldi r hitv: iwlen violalel, the lm y
certify the fartts to lhe I tnel' proli-i(.tintill :ttorney. 

(h) Auy ,im'l.;,nrci virt'td of" vitl:t llog any l'rolvi:dol ,f thi.stilt- alld i:; aivdor roh-:-4 ,;: l i- fliv'r4tnder Act,ihall be 

(r) N,,IhiJ,,i.ittrait Ih, lhisfit- ,%('Ldim''; :ialllt , t'llI,(ofthe- ,.ill Art t , .l as retliiring thecou l't. 

hi:; to relil't for prol:ie.'u!iotin o~r for tile in
l io , o, l it- A,tf,",,1 ,'eiziw h,,-ll ho.I i . ; t th ,! ~ofc m inor -. %,', ill:lilt i of Jr,,v,.,.,lill, , .S. thI att r,.ilt z t : ' viola
)i ti-I) t v.x't by a silitldh notice of xarninrg in writing. 

(d) :ioypcIt . i v. th, d lyi (.;o uth :at,,rnyith,rnto any
vio',tiiil i:; ri (lttto -ali ' egllriit ir, ce:din.i ieto
1nit (it .tutWanis'a 


duelbo. jl.lltitli t wiithtlh

(ep The 


t ln i irt of ('iwstt_.nt juri d metiOn 

weeny aply foris he titho'i;-l to Iinr the cort
ti. ran t iA t(iAilip ift" ()hI"he ci it injuntio n retistraidin
inrovish.sin 7rethis ormmranly t-salley o oft 11gesolALLttin., r'iflem ort iliregulattioln prol-Ot olr e yo f theo a gailted 

udlir tire Act itltvi:tnris i the existence of otier reme
dies aL lal. S ai n l astitoprhenti te freithoutbond.
 

Stton 2.tnuoftE'xchanges beweenisAct.
 
Nothin il this Act sAd! 
he construed to restrict or avoid 

or exchange. of con ,'cial fertzers to each other by
importers nifacturers, or ininultors who mix fertil
izerI aterils for sale or as pr'oarth theoffree and unre
stricted shipshfnts of comm 'ill fertilizer to manufacturers 
Orrnliptio lS ho haeiellntered their rands as ruied i 

Sain2 IV the Ciththilyprovisi n of dsth Act.o 
If nai1.y S isent en c , rgalty or p r!ft i hcIfo anyl) r]lea s etnb e , gr aid o rilya ort of i cmpetent

l 
r n letsrib n g n'lid a ycoo to o p tn;jurisdiction, such judgfment shiall not affect, imipair, or in

validate thle remainder thereof but shall be confined in its 
operation to the clause, sentence, p:iragraph, or part thereof
,h,',-ctly inxolved in the co nt,'(versy in vhich such judgment
shlial hive b(ten renderel. 

Section 22. Repeal.All laws and partswith the provisions ofof this Actlax:- in conflict withare hereby repealed.or inconsistent 

Section 23. Effective Date. 
This Act shall take effect and be in force from and after the 
Ih'st day of 

RUL S AN D R EGU I 'ION S 

Under the Uliform State lertilizer Bill by the 
of tile State of 

Piursllant tot due lublication ali(l notice of opportunityllulblic ho:lillg, the for ah:is :dopted the following 
iregli:ltions. 
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(c) To suplenlet (b), it siwuhl be estahlished that if a labels .ta tile a f ic it W( ,11lP-t-s.vilte s nif ltult li o r g a lt nl rtI t i lna tp h r a s e,-tati t13-25 ''f ti irit,
such al "25 ' of oili",'.1 ft'un ure:ifrt hhlhytle
(ultcatf)rni) ,'

/ thicit th,. ualr itisiduhleh tIitl''l l it.tl;-tltee
n1ust be itt less th:. (;O , -f lohe iittrogt', so d-igntut.d. 

Example: 10-6-4 Rose Food 

257 	of Nttrogon is Organic 


lO(Total N Cuaranteed) x .25(% N Claimed as 

(Organic) x .60 - 1.5% WIN 

(d) When the water in.silulle nitro;t.jj isless than 15%6 of the 
total nitro.,-en, the label shall hear no references te any
designations, such as stated in (b). 


(e) 	 The term "Coated-Slow Release Fertilizer," or "Coated-
Slow Release" may be accepted as descriptive of 

products. 
(f) Further, the above phrases (e) be allowed for any prod-


ucts 	that can show a testing program substantiating theclaim. (Testing under guidance of Experiment Station
personnel, or a recognized reputable rese.icher, etc.)
Water insoluble nitrogen must be guaranteed at the 15% 
of total nitrogen level as in organic materials. 

(g)Thar ..
'.,AC rethod 2.072 he used initilyiv to sub-

stantiate tle fact 
that "Coated-Slow Release" 

materials 
are present. The deteiination need 

only be modified by elimnation of sample grind-

ind during oreparation. 
When the AOAC Committee, 

orking on this problem, comes up with a more
 
specific method it will, of course, be substituted. 


4. 	Definitions "Averaging 

Except as the designates otherwise in specific cases, 
the names and definitions for commercial fertilizers shall be 
those adopted by the Association of American Plant Food 
Control Officials. 

5. Percentages 

The term of "percentage," by symbol or word, when used on a 
fertilizer label shall represent only the 	amount of individual
plant nutrients or other factors in relation to the total product 
by weight. 

6. Investigational Allowances 

(a) 	 A commercial fertilizer shall be deemed deficient if the 
analysi.iof any nutrient theivbelow guarantee by an 
amount exceeding the values in the following schedule, or 
if the 	overall index value of the fertilizer is below 9896.0 

G ua ra n te e 
percent 

-he- or less 

NitrgenN t o eApercent 
0.49 

Avtihble Phosphoricaia e h p or
acid percent 

0.67 

Potash 
percent 
0.41 

5 0.51 0.67 0.43 
6 
78 

9 
10 
12 

0.52 
0.540.55 

0.57 
0.58 
0.61 

0.67 
0.680.63 
0.68 
0.69 
0.69 

0.47 
0.530.60 
0.65 
0.70 
0.79 

14 
16
18 
2022 
24 

0.63 
0.67 
0.70 
0.730.75 
0.78 

0.70 
0.70
0.71 
0.720.72 
0.73 

0.87 
0.941.01 
1.081.15 
1.21 

26
28 0.81

0.83 0.73
0.74 1.27

1.33 
30 0.86 0.75 1.39 
32 or more 0.88 0.76 1.44 
For guarantees not listed, calculate the appropriate value
by interpolation.
 

"For these investigational allowances to be applicable, the
recommended AOAC procedures for obtaining samples,
sample preparation and analysis must be used. These are 
described in O jlial of Analysis of the Associa-Methods 

ioneof fficial Analytical Chemists llth edi
tion, 1970, and in succeeding issues of the W
 
Journal of the Association of Official Analytical Chemists." !
 
T n evaluating replicate data, table 19, page 935, Journal
 
of the Association of Official Analytical Chemists, volume
 

49. No. 5 October, 1066 should be followed. 
than at least two values must be adhered to. Ifmoretwo 	values are obtained, all significant values must 
be averaged. Values carried to two decimals are needed 
in applying averages to this table. Values may be 
"rounded" to one place where prefered in reporting. 
The overall index value is calculated by comparing the 
commercial value guaranteed with the commercial value 
found. Unit values of the nutrients used shalt be those
 

Overall index value-example of calculation foF a 10-10
10 grade found to cuntain 10.1% Thtal Nitrogen (N), 
10.2% Available Phosphoric Acid (P2 O,), and 10.1%o 
Soluble Potash (K 2O). Nutrient unit values are assumedto be $3 per unit N, $2 per unit P:O,, and $1 per unit 
X20. 

http:nitro;t.jj


10.0 units N x 3 = 30.0 
10.0 uiits 1 :O, x 2 = 20.0 
10.0 units K:O X 1 = 10.0 
Commercial Value Guaratntee - : 60.0 

10.1 units N x 3 = 30.3 
10.2 units 1'P.O x 2 - 20.4 
10.1 uaits KLO x 1 = 10.1 
Commercial Value Fouid = 60.8 

60.8 
Overall index value - x 100 = 101.37 

60.0 
(b) 	 Secondary and minor elements shall be deemed deficient 

if any element is below the guarantee by an amount 
exceeding the values in the following schedule: 

Element 	 Allowable Deficiency 

Calcium ) 0.2 unit + 5% of guarantee
Magnesium ) .. ..
 
Sulfur ) - - -


Boron ) 0.003 unit + 15% of guarantee 

Cobalt ) 0.0001 unit + 30% of guarantee
Molybdenum ) - -

Chlorine ) 0.005 unit + 10% of guarantee
Copper ) -
Iron ) - - -
Manganese ) - -
Sodium ) - -
Zinc 

The 	maximum allowance when calculated in accordance to
theabove shall be 1 unit (1%). 

7. Sampling 
Sampling eguijpment a.1d procedures shall be those adopted by 

The Association of "Official Analytical Chemists 
wherever applicable.
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APPENDIX M
 

PREMISES AND ASSUMPTIONS USED FOR PREPARING
 

CAPITAL INVESTMENT AND PRODUCTION COST ESTIMATES
 

1. Cost estimates are on a 1985 U.S. dollar basis.
 

2. Capital investment estimates do not include allowances for land and infra
structure outside the plant site boundary such as ports, roads, gas wells, 

and pipeline facilities. 

3. The capita] investment estimates for the battery iimits process units, raw 
materials, product storage and handling facilities, and auxiliary and 
support facilities within the plant site are based on turnkey-type contracts. 

4. Working capital estimates include allowances for raw materials and inter
mediate and finished product inventories, spare parts, and cash (or contin

gency). 

5. The base-case price for natural gas used for the production of ammonia i:s 
US $6.0/million kcal ([IS $1.5/million Btu). The price of imported wet-process 
phosphoric acid (54% P2) 5) used for tie production of )AP or MAP is US $270/mt 
which is equivalent to US $500/mt P2 05 . The delivered price of phosphoric 
acid is based on an f.o.b. price of US $1 4 0/mt of 54% P.05 acid plus 
US $100/mt for ocean freight and US $30/rnt for unloading, handling, and 

other changes. 

6. Salaries, including wages and employee benefits for operations and mainte
nance personnel, are based on similar fertilizer plants and operations in 

the developing world. 

7. The cost of administration and general overhead is based on 150% of personnel 
costs in the anmmnia/urea/l)AP complexes and 200% of the personnel costs in 

the bulk blending/hagging plants. 

8. The ost of maintenance materials is based on 3% of total installed cost. 
9. The cost of insurance is based on 1% of total installed cost. 

10. 	 The capital recovery factor is equivalent to 17.10 of total fixed investment. 
This factor corresponds to a plant life of 15 years amd 15% annual interest 

and/or return on capital. 
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11. 	 Annual interest on working capital is 13%.
 

12. 	 The plant construction is assumed to be 1 year for the bulk blending/bagging 

plant, 2.5 years for the small anmonia/urea/DAP complex, and 4 years for 

the large ammonia/urea/DAP complex. 
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APPENDIX N
 

SCOPE OF WORK
 

A. 	 Fertilizer Use
 

1. 	 Prepare an overview of fertilizer sector:
 

a. 
 Importance of the agriculture economy.
 

b. 	 Importance of fertilizer in crop 	production.
 

C. 	 Importance of ferti lizer in national economy. 
2. 	 Select the most appropriate fertilizers: 

a. 	 Review the relevant research on fertilizer use for principal crops 
as related to nutrient requirements, status of nutrient-supplying 
capacity of major soil types, response curves of applied nutrient, 
cropping systems relating to crop seqience, plant population and 
methods of applying nutrient.s, and application of economic values 
to nlut.rient requirements. 

b. 	 Identify those products which are agronomically and economically 

most appropriate. 
c. 	 Identify additional fertilizer use research required to conLin

ually improve and ad just ferti l izer selection. 
3. 	 Estimate fertilizer demand: 

a. Gather and analyze statistical data on fertilizer imports, l)roduc-
Lion, sales, and crop hectarage to estimate actual fertilizer 
consumption by nutrient, product, and geographic regions for tiie 
past 5 years in Cameroon. 

b. Forecast the fertilizer demand by nutrient product and bty
 
prin pal crops arid geographic regions for the next 10 years 
(1986-96). Crop census data and fertilizer demand projections 
from other sources will be collected, reviewed, and analyzed. 

c. 	 I)iscuss and present the method of foreca:;ting. 
4. 	 Estimate the economics of fertilizer use: 

a. 	 Utilizing existing data, estal ish farmer benefit to cost ratios 
for fertilizer use on princip al crops at recommended rates. 

b. 	 Utilizing crop response curves, estimate grower profit per hectare 
for crops using current prices. 
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c. 	 Determine the cost of the fertilizers used in the present sub

sidized program. 

B. 	 Fertilizer Supply 

1. 	 Prepare a preliminary production and economic evaluation of two manu

facturing schemes:
 

a. 	 Bulk-blending and bagging plant using imported bulk fertilizers. 

b .	 Ammonia, urea, and diammonium phosphate complex using Cameroon 

natural gas reserves and imported phosphoric acid. Urea will be 
in granular form as it is better suited for bulk-blend NPK 

fertilizer. 

The capacity of the bulk-blending/bagging plant will be based on 
the fertilizer demand projection (see items 3a and 3b above). The 

capacities of the ammonia plant to be considered are: 200 and 

1,000 metric tons per day (mtpd). All amnmonia output will be used to 
produce urea and diammonium phosphate. The 200-mtpd ammonia plant 
would he for domestic consumption only. The other case would assume 
that capacity above domestic needs be exported. However, no analysis 

of export market will be included in this study. The capacities of 
the urea and diammonium phosphate plants will be recommended after 

discussions with the Cameroon Government on the relative distribution 

of these two products between the domestic and export markets. 

The preliminary production economics of the two above production 

schemes will cover the following specific activities: 

1. 	 Select plant location taking into account land availability, 

existing support facility, handling and transportation of raw 

materials, finished products, and other relevant factors. 

2. 	 l)escribe process plant(s) and determine plant facility requirements. 

3. 	 Prepare preliminary fixed capital and working capital estimates. 

Cost estimates will cover only the process plants and direct 

support facilities such as raw ma terials, product storage and 

handling, utilities facilities, office buildings, and olher 

necessa ry i nl rastructure wi thi n the p liant siteIboundary. Cost 

estimates for infrastructure snuh as ports, roads, housing, 

warehouses, etc., outside the plant site will not be prepared. 

For the almonia, urea, and diammoni rim phosl)hate production scheme, 

\), 
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the delivered cost of natural gas will be supplied by the Cameroon 

Government. If the natural gas price is not available, the 
consultants will estimate urea and diammonium phosphate product ion 

costs at different natural gas prices. In any case, no cost 

estimates for the gas wells and pipeline facilities will be made. 

Those costs are assumed to be charged to the delivered natural 

gas price. 

4. 	 Compare production costs of bulk-blended NPK product versus 

imported granular NPK and urea and diammonium phosphate production 

costs versus world market urea and diammonium phosphate prices to 
assess the potential. product viability. 

5. 	 Prepare conclusions and make recommendations for each production 

scheme. 

C. 	 Fertilizer Marketin and Distribution 

1. Review and update fertilizer costs of products as determined in prior 

studies to the farmers in principal provinces according to:
 

a. 	 c.i.f. Douala.
 

b. 	 Port charges.
 

c. 	 Warehousing costs.
 

d. 	 Transportation costs. 

e. 	 Material losses.
 

f. 	 Working capital cost. 

g. 	 Direct retailing cost.
 

h. 	 Other costs.
 

2. 	 Estimate the total cost by product and nutrient, identify excessive 

cost, and recommend cost reduction procedures. 

3. 	 Evaluate present fertilizer marketing and distribution systems. 

Identify constraints and recommend procedures to ovetcome these 

constraints. 

a. 	 Outline and evaluate the present tendering and procurement system. 

b. 	 Determine the present flow channels for orders, products, title, 

payment, and information. 

c. 	 Review and evaluate current storage and warehousing requirements. 
d. 	 Evaluate present transportation channels usod. 

e. 	 Evaluate the v lfep ivenless of the current extension service as 

rel.a ted to fertilizer recommendation and use. 
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f. Determine the dealer/marketing organization(s) required to make 
fertilizers available on a timely basis to farmers within a 

practical distance in all provinces. 

g. 	 Evaluate personnel requirements to manage the present marketing 

sys tem.n 

h. 	 Make recommendations to overcome constraints to fertilizer use 
resulting from tire present marketing system. 

Identify additional infrast.ructure and government policy required to 
support a successful fertilizer marketing system: 

a. 	 Evaluate the present road network and specify the need for
 
adequate road,; in increasing crop production.
 

b. 	 Assess the availability of other essential crop production
 

inputs.
 

c. 	 Evaluate the availability of structured markets for farmers to 

sell their crop produce. 

d. 	 Identify formal training and personnel development required to 
manage a fertilizer marketing system. 

e. 	 Make recommendations for the infrastructure and additional govern

ment policy and actions required to support an effective fertil

izer marketing system. 


